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Among the Dictionaries of Arts and Sciences which have been publifhed, of late 
years, in various parts of Europe, it is matter of furprife that Philofophy and Mathe¬ 
matics ftiould have been fo far overlooked as not to be thought worthy of a feparatc 
Treatite, in this form. Tljpfe Sciences eonftitute a large portion of the prcleut frock 
of human knowledge, and have been ufually confidcred as poflefling a degree of im¬ 
portance. to which few othei^ arc entitled; and yet we have hitherto had no diftinft 
lexicon, in which their ccfhVtitucnt parts and technical terms have been explained, with 
that amplitude and prccifion, which the great improvements of the Moderns, a, well as 
the riling dignity of the Subject, teem to demand. 

«• 

The only works of this kind in the Englith language, deferring of notice, arc Har¬ 
ris's Lexicon Tcchnicum, and Stone’s Mathematical Dictionary ; the former of which, 
though a valuable performance at the time it was written, is now beoomc too dry anti 
obfolcte to be referred to with plcalurc or latisfaction : and the latter, confitiing only 
of one volume in 8vo, mull be regarded merely as an unfmiilied iknudi, or brief 
compendium, extremely limited in its plan, and ncccilhiily deficient ii\ ufetul in¬ 
formation. 

It became:, therefore, the only rcfourcc of the Reader, in many calcs where explana¬ 
tion was wanted, to have rccourfe to Chambers’s Dictionary, in four large Volumes folio, 
or to the Encyclopaedia Britannica, now in eighteen large \olumcs 4fo» or the thh more 
ftupendous performance of the French Encyclopcdilis; and even here Ins expedi¬ 
tions might be frequently dilappointed. Thcle great and ufoful works, aiming at a 
general comprchenfion of the whole circle of the Sciences, are fometiines very defi¬ 
cient in their deferiptions of particular branches; it being almotl impolhble, m fuch 
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cxteufive undertakings, to appreciate, with exac^yefs, the due ytalue of every article : 
They are, betides, to voluminous and hctcrogeiV$us in their nature, as to render 
a frequent reference to them extremely inconvenient; and even if this were not the 
cafe, their high price, puts them out of the reach or' the generality of readers. 

With a view to obviate thefo dcierL, the Public arc here pro fen ted with n Dic¬ 
tionary of a moderate fixe and price, which is devoted folely to Philofophieal and Ma¬ 
thematical fubjoe'ls. It i* a work for which materials have been collecting through a 
emiri'e of many years ; and is the reliiit of great labour and reading. Not only mod of 
the. Encyclopedias already extant, and the various publications of the Learned Societies 
throughout Europe, have been carefully coniiilted, but aifo all the. original works, of 
any reputation, which have hitherto appeared upon thefe lubjeets, from the carliefl 
writers down to the prel’ent times. 

From the latterof thefe lources, in particular, a confidcrablc portion of information 
has been obtained, which the curious reader will lind, in many calcs, to be highly in- 
teretiingand important. The Hillory of Algebra, for inftancc, which is detailed at 
conhdcrabJe length in the Firlt Volume, under the head of that Article, will afford 
fullieieut e\i deuce to {hew in what a fupcrficial and partial way the inquiry has been 
hitherto invcftlgated, even by pro fed ed writers on the fubjeft ; the principal of whom 
are M. Montuela, our countryman the celebrated Dr. Wallis, and the Abbe Dc Gun, 
a late French author, who has pretended to correct the Doctor's errors and mifreprefen- 
tations. 


Rfoui.ar hiltorieal details are in like manner given of ihe origin and pmgrefs of 
each of tiielc Sciences, as well as of the inventions and improvements by which they 
have been gradually brought from their firfl rude beginnings to their pro lent ad¬ 
vanced date. 

I r is alii) to be obferved, that befidcs the articles common to the generality of 
Dictionaries of this kind, an intcrcfling Biographical Account is here ntroduced 
ot the mod eeleorated Philosophers and Mathematicians, both ancient and modern ; 
among which will be found the Lives of many eminent characters, who have hi¬ 
therto been either wholly overlooked, or very impcrfeflly recorded. Complete litis of 
tl.eir works arc alto lubjoined to each Article, where they could be procured; which 
cannot but prove highly acceptable to that clafs of readers, who art; defirous of ob¬ 
taining the mod fatisfaCtory information upon the fnbjccts of their particular enqui¬ 
ries and purfuits. On the head of Biography however the Author has dill to 
lament the want of many' other refpctUable names which he was defirous to have added 
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to his lift of authors, not having-been able to pnxurc any ciramifianlial a .vomits of 
their lives. He could have wither! to have eoniprifed in his lift, the lives of all 
fuch public literary characters as the Univerfity Profeflbrs of'Aftronomy, Rhilofophy and 
Matliematics, as well as thofe of the other inure rtfpcvtablc daf> of Autho-s on thole 
Sciences. He will therefore thankfully receive the communication of any fueli memoirs 
from the hands of gentlemen pofleffed of them ; as well as hints and information on 
fuch uleful improvements in the. fckmec- as ma\ have been overlooked in this Dic¬ 
tionary, or any articles that may here have been impcrh.' lly or incorrectly treated ; that 
he may at fume future time, by adding them to tins woik, render it Hill moie complete 
and deferring the public notice. 


As tliis work is an attempt to feparate the words in the fcicncesof Afironoim. Mathe¬ 
matics, and Pliilolbphy, from thole of other arts or feicnces, in levcral of which there 
are already feparate Dictionaries : a^ in Chemiftrv, Geography, .Mutic. hi.Mine and 
Naval allairs, 6c c ; words fomelimes occurred which it was rather doubtful whe¬ 
ther they could be confidered as properly belonging to the preient woik or not ; 
in which cafe many of luch words have been here inferted. But fuch as appeared 
clearly and peculiarly to belong to any of thofe other fubjeds, have been either wholly 
omitted, or clfc have had a very fhorl account only given of them, The readers of this 
work therefore, recollecting that it is not a General Dictionary of all the Arts and 
Sciences, will not expedfc to find all forts of words and fubjeds here treated of; but 
fuch only as peculiarly appertain to the proper matter of the work. And therefore, 
although fome few words may inadvertently have been omitted ; yet when the Reader 
docs not immediately find every word which he withes to eonfuIt, he will not ahvavs 
confidcr them as omiflions of the Author, but for the moft part as relating to tome other 
fciencc foreign to this Dictionary. 


In all cafes where it could be conveniently done, the ncceflary figures and dia¬ 
grams are inferted in the fame page with the fubjeds which they are defigued to 
elucidate; a method which will be found much more commodious than that of 
putting them in feparate plates at the end of each volume, but, which has added 
very confiderably to the cxpencc of the undertaking: where the fubjeds are of 
fuch a nature that they could not be othervvife well represented, they are engraved on. 
Copperplates. 


As the whole of this work was written before it was put to the prefs, the Reader 
will find it of an equal and uniform nature and conilru&ion throughout ; in 
which refpedt many publications of this kind are very defective, from the fub- 
je<Sts being difFufely treated under the firft letters of the alphabet, while articles 
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of equal importance in the latter part are fo much abridged as to be rcndewjflt* 
mofl; ufelels, in order that the whole might be comprifed in a limited number hf 
iheets, according to propofols made before the works were compofed. The pre* 
font. Pidionary having been completed without any of thefe unfavourable circum* 
ftapees, will be found in moft cafes equally inftrudivc and ul'eful, and may be 
conVulted with no lefs advantage by the Man of Science than the Student. 
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ABA 

A BAC I ST, an Arithmetician. In this fenfe we 
find the word ufed by William of Malmcttmry, 
in his Hiflory de Gejlit Anglorum, written about the 
year 1150; where he {hews that one Gcrbcrt, a learned 
monk of France, who was afterwards made pope of 
Rome in the year 998 or 999, by the name of Silveller 
the 2d, was the firft who got from the Saracens the 
abacus, and that he taught fuel) rides concerning it, as 
the Abacifis themfelves could hardly underftand. 

A PACT IS, in Arillinefu, an ancient inftrument ufed 
by moil nations for carting up accounts, or performing 
arithmetical calculations: it is by fomc derived from the 
Creek «£VL which fignifies a cupboard or bcaufet, per¬ 
haps from the fir.iilarity of the form of this in liniment; 
and by others it is deiivcd from the Phoenician alctl , 
which fignifies duft or powder, becaufe it was faid that 
this inllrurm ut was fonu times made of a fquare board 
or tablet, which was powdered over with fine fund or duff, 
in which were traced the figures or characters ufed in 
making calculations, which could thence be cafily de¬ 
faced, and the abacus refitted for ufe. But Lucas Fa¬ 
mulus, in the firrt part of his fecund diftimSiop, thinks it 
is a corruption of Arabicus, by which he meant their 
Algorifm, or the method of numeral computation re¬ 
ceived from them. 

We find this inftniment for computation hi ufe, under 
fome variations, with mud nations, as the Greeks, Ro¬ 
mans, Germans, French, Chinefe, &c. 

The Grecian abacus yeas an oblong frame, over 
which were ftretebed fcvetal brais wires, ftrung with 
little ivory balls, like the beads of a necklace; by the 
various arrangements of winch all kinds of computa- 
Vox.. I. 
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tions were eafily made. Mahqdel, in Hift. Acad, It. 
Infer, t. 3. p. 390. 

The Roman Abacus was a little varied from the Gre¬ 
cian, having pins Aiding in grooves, inrtead of firings or 
wires and beads. Philof. Tranf. No. 180. 

The Chinefe Abacus, or Shwan-pan, like the Gre¬ 
cian, coufirts of feveral feries of beads ftrung on-brafs 
wires, ttretched from the top to the bottom of the in- 
ft rument, and divided in tlie middle by a crofs piece 
from fide to fide. In the upper fpace every firing has 
two beads, which are each counted for 5 ; and in the 
lower fpacc every firing has five beads, of different 
values, the firrt being counted as u the Second as to, 
the third as too, and fo on, at with us. See Shwan- 
pan. 

The Abacus chiefly ufed in European countries, is 
nearly upon the fame principles, though the ufe of it is 
here more limited, becaufe of the atbitrary and unequal 
divifions of money, weights, and meafiires, which, in 
China, arc all divided in a tenfold proportion, like our 
fcale of common numbers. This is made by drawing 
any number of parallel lines, like paper ruled for mufic, 
at fitch a diftance as may be at icaft equal to twice the 
diameter of a calculus, or counter. Then the value of 
thefe lines, nnd of the {paces between them, incieafcs, 
from the.lowed: to the btgheft, in-a tenfold proportion. 
Thus, countcis placed upon the firtt line, figmfy lb many 
units or ones; on the iccond line xo’s, on the third 
line 100’s, on the fourth line toco’s, end foon: in 
like manner a counter placed in the firft fpace, between 
the firft and fecund line, denotes 5, in the fecund fpace 
jo, in the third fpacc 500, in the fourth fpace 5000, 
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'and To on, - So that there are never more than four 
counters placed on any line, nor more than one placed 
in any fpace, this being of the fame value as five coun¬ 
ters on the nest line below. • So the counters on the 
^Abacus, in the figure here below, exprefs the number 
' «r film 47382. 

r 

i 
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Bt fidea the above inftruments of compntation, there 
have been feveral others invented by different - perfons; 
as Napier's rods or bones, deferibed in his Rabdologia, 
which fee under the word Napier ; alfo the Abaeus 
Rhabdologicus , a variation of Napier’s, which is de¬ 
feribed in the firft voL of Machines el Inventions ap- 
prouviet par PAcademic Royale dee Sciences. An in¬ 
genious and general ona was alfo invented by Mr. Ga¬ 
maliel Smethurft, and is deferibed in the Philofophical 
Tranfadtions, vol. 46; where the inventor remarks that 
computations by it are much quicker and eafier than by 
the pen, are lets burthenfome to the memory, and can 
be performed by blind perfons, or in the dark as well as 
in the light. A very comprelienfive inftrument of this 
kind was alfo contrived by the late learned JDr. Ni¬ 
cholas Saunderfon, by which he performed v 2 ry intri¬ 
cate calculations: an account of it is prefixed to the 
firft volume of his Algebra, and it is there by the editor 
called Palpable Arithmetic : which fee. 

Abacus, Pythagorean, fo denominated from its in¬ 
ventor, Pythagoras; a table of numbers, contrived for 
readily learning the principles of arithmetic; and was 
probably what we now call the multiplication*table. 

Abacus, or Abaciscus, in ArchiteSure, the upper 
-part or member-of the capital of a column ; ferying as 
a crowning both to the -capital and to the whole co¬ 
lumn. Vitruvius informs us that the Abacus was ori¬ 
ginally intended to reprefent a fquare flat tile laid over 
an urn, or a bafket j and the invention is aferibed to 
Calimachus, an ingenious ftatuary of Athens, who, it is 
laid, adopted it on obferviog a fmali bafket, covered 
with a tile, over the root of an Acanthus plant, which 
grew on the grave of a young lady $ the plant /hoot¬ 
ing up, encompaftcd the; bafket all around, till meeting 
with the tile, it curled back in the form of fcrolls: 
Calimachus pafling by, took the hint, and immediately 
executed a capital on this plan 1 representing the tile by 
the Abacus, the leaves of the acanthus by the volutes or 
fcrolls, and the bafket by the vale or body of the ca¬ 
pital. See Acanthus. 

Abacus ia alfo utfied by Scamozzi for a concave mould¬ 
ing in the capital , of the Tufcan pedcftal. And the 
word* is ufed bjp Palladio for Other members which he 
deferibes. Alfo, in the ancient archite&urc, the fame 
term is ufed to denote certain compartments in the in- 
cruftation or lining of the walls of ftate-rooms, mofaic- 
pavements, and the like. There were Abaci of marble, 
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porphyry, iafper, alabafter, and even glaftj vanouflf 
ihnped, as fquare, triangular, and fuchlike. 

Abacus Logi/tcvs is a right angled mangle, whole 
fidcs, about the right angle, contain all the numbers 
from r to 60 5 and its area the products of each two of 
the oppotite numbers. This is alfo called,a cation oj 
fexagejimeds , and is no other than a multiplication-table 
carried to 60 both ways. 

Abacus PalmuU, in the Ancient Mufic, denote 
the machinery by which the firings of the polyplcdtra, 
or infiruments of many firings, were ilruck, with u 
plcftrum made of quills. 

Abacus Harmmucus is ufed by Kirchcr for the flruc- 
ture and difpofition of the keys of a mufical iniltuntcut, 
cither to be touched with the hands or feet. 

Abacus, in Geometry, a table or flatc upon which 
fchemes or diagrams are drawn. 

ABAS, a weight ufed in Pcrfia for weighing pearls ; 
and is an eighth part lighter than the European carat. 

ABASSI, a filver coin current in Pcrha, deriving 
Its name from Schaw Abbas II. King of i’criia, and is 
worth near eighteen pence Englifh money. 

ABATIS, or Abattis, from the French abattre, to 
throw down, or beat down, in the Military Art, denotes 
a kind of retrenchment made by a quantity of whole 
trees cut down, and laid lengthways briide each other, 
the elofer the better, having all their branches pointed 
towards the enemy, which prevents his approach, at the 
fame time that the trunks lerve as a bread-work before 
the men. The Abattis is a very ufeful work on moil 
occafions, efpecially on fudden emergencies, when trees 
are near at hand; and has always been pradtihd with 
confiderable fuccefs, by the ableft commanders in all 
ages and nations. 

ABBREVIATE; to abbreviate fractions in arith¬ 
metic and algebra, is to leflen proportionally their terms, 
or the numerator and denominator; which is performed 
by dividing thofe terms by any number or quantity, 
which will divide them without leaving a remainchr. 
And when the terms cannot be any farther fo riividid, 
the fraction is laid to be in its leaf! terms. 


S.^=i=±=i-, 

24 13 6 3 

by dividing the terms continually by 2. 


And 


2 94 _ 147 _ 49 
J04 252 84 

by dividing by 2, 3, and.7. 


12 


Alfo 


3x8x { _ 8x5 __ 


6 *2 

by dividing by 3 and by 2. 


= 4*5 = 20, 


And 


12 abx* $bx 
+acx c * 


by dividing by 4 a x. 


A , aP+b*x b* , 4 

And — - —" , s —, by dividing by a+x. 


ABBREVIATION, of fradtions, in Arithmetic 
and Algebra, the reducing them to lower terms. 

ABERRATION, in Agronomy, ah apparent mo¬ 
tion of the celeftial bodies, occaiioncd by the pro- 
greflive motion of light, and the earth's annual motion 
in her orbit. 

This effedt may be explained and familiarized by the 
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motion of aline parallel toitfelf, much after the manner 
that the composition and refolution of forces are ex¬ 
plained. If light have a progrtfiivc motion, let the 
proportion of its velocity to that 
of the eaitli in her orbit, be as 
the line B C to the line AC; 
then, by the compofition of thefc 
two motions, the particle of 
light will feem to deferibe the 
line B A or D C, inflead of its 
real courfc B C ; and will appear 
in the direction A B or C D, in- 
ftead of its time direftion CB. 
So that if A B reprefent a tube, 
carried with a parallel motion by 
an obferver along the line A C, 
in the time that a particle of light 
would move over the fpace- B C, 
the different places of the tube being AB, al>, cd , CD; 
and when the eye, or end of the tube, is at A, let a 
particle of 1 'ght enter tlie otlu-r end at B ; then when 
the tube is at a h, the particle of light will be at r, exactly 
in the axis of the tube ; and when the tube is at c d, the 
[•reticle <>F light will arrive at f, iiill in the axis of the 
lube ; atul laftlv, when the tube arrives at C D, the par- 
tide of light will arrive at the eye or point C, and cou- 
fequently will appear to come in the direction DC of 
the tube, in Head of the true dtredlion li C. And fo 
on, one particle fucceeding another, and forming a con¬ 
tinued llreatn or ray of light in the apparent direction 
1) C. So that the apparent angle made bv the ray of 
light with the line A E, is the angle D C It, inflead of 
the true angle BCE; and the difference, BCD or 
ABC, is the quantity of the aberration. 

M. de Maupertuis, in his Elements of Geography, 
gives alfo a familiar and ingenious idea of the aber¬ 
ration, in this manner: “ It is thus,” fays he, ** con¬ 
cerning the dhefb’on in which a gtm mult be pointed 
to (trike a bird in its flight; inflead of pointing it 
iliaight to the bird, the fowltr will point a little before 
it, in the path' of its flight, and that fo much the more 
as the flight of the bird is more rapid, w*ith refpeiA to 
the flight of the fliot.” In this way of coniidering the 
matter, the flight of the bird icprcfents the motion of 
the earth, or the line AC, in our fcliemc above, and 
the flight of the (hot reprefents the motion of the ray 
of light, or the line B C. 

Mr. Clairaut too, in the Memoires of the Academy of 
Sciences for the year 174^1, illnftrates this effeft in a 
familiar way, by fuppofmg drops of ruin to fall rapidly 
and quickly after each other from a cloud, under which 
• perfon moves with a very narrow tube ; in which cafe 
it is evident that the tube muft have a certain inclina¬ 
tion, in order that a drop which enters at the top, may 
fall freely through the axis of the tube, without touching 
the tides of it; which inclination muft be more or Ids 
according to the velocity of the drops in rcfpeCk to that 
of the tube: then the angle made by the diredion of 
the tube and of the falling drops, is the aberration arii- 
ing from the combination of thofe two motions. 

This difeovery, which is one of the brightett that have 
been made in the prefent age, we owe to the accuracy 
and ingenuity of the late l)r. Bradley, Allrononier 
Royal 1 to which he was occaliouuU) led by the refult 
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of fome accurate obfemtions which he had made with 
another view, namely, to determine the annual parallax 
of the fixed ftars, or that which arifes from the motion 
of the earth iu its annual orbit about the fun. 

The annual motion of the earth about the fun had 
been much doubted, and warmly contefted. The de¬ 
fender of that motiou, among other proofs of the re-, 
ality of it,.conceived the idea of adducing an imon- 
teflable one fr om the annual parallax of the fixed ftars, 
if tire ftars fhould be within luch a diftance, or if ia- 
Arumeuts and obfervationa could be made with fuch ac¬ 
curacy, as to render that parallax fenfible. And with 
this view various attempts have been made. Before the 
obfervations of M. Picard, made in 1672, it was the 
general opinion, that the ftars did not change their po- 
lition during the cottrfe of a year. Tycho Brahe and 
Kicciolua fancied that they had allured themfelves of it 
from their obfervatioqs; and horn thence they concluded 
that the earth did not move round the fun, and that 
there was no annual parallax in the fixed ftars. M. Pi¬ 
card, in the account of his Voyage d*Uranibpurg, made 
in 1672, fays that the pole ftar, at different times of 
the year, lias certain variations which he had obferved 
for about 10 years, and which amounted to about 40" 
a year: from whence fome who favoured the annual 
motion of the earth were led to conclude that thefe va¬ 
riations were the effeft of the parallax of the earth’s 
orbit. But it was impoflible to explain it by that pa¬ 
rallax ; becaufe this motion was in a manner contrary to 
what ought to follow only from the motion of the earth 
in her orbit. • 

In 1674 Dr. Hook publilhed an account of obfer¬ 
vations.. which he faid he had made in 1669, and by 
which he had found that the ftar y Draconis was 1%' 
more noitherly in July than in Ottober: obfervations 
which, for the prefent, feemed to favour the opinion of 
the earth's motion, although it be now known that 
there could not be any truth or accuracy in them. 

ITjmftced having obferved the pole ftar with his 
moral quadrant, in 16S9 and the following years, found 
that its declination was 40" left in July than in De¬ 
cember; which obfervations, although very juft, were 
yet however improper for proving the annual parallax ; 
and he recommended the making of an inftrument of 
1; or 10 feet radius, to be firmly fixed on a ftrong 
foundation, for deciding a doubt which u>as otherwife 
not foon likely to be brought to a ronclufion. 

In this ftate of uncertainty and doubt, then. Dr. 
Bradley, in cotijuntiion with Mr. Samuel Molineux, 
in the year 172 formed the projeft of verifying, by 
a ferics of new obfervations, thofc which Dr. Hook 
had communicated to the public alrnoft. 50 years 
before And as it was his attempt that chiefly 
.gave rife to this, fo it was his method in making the 
obfervations, in furor mcafure, that they followed; for 
they made choice of the fame ftar, and their inftrument 
was conftrudled upon nearly the fame principles : but 
hud it not greatly exceeded the former in exa&uefs, 
they might ftill have continued in great uncertainty as 
to the parallax of the fixed ftars. - And this was chiefly 
owing to the accuracy of the ingenious Mr. George 
Graluun, to whom the lovers of aftronomy are alfo in¬ 
debted for feveral other exadi and convenient inftru- 
rnciilt. 
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The fuccefs then of the intended experiment, evi¬ 
dently depending; very much on the accuracy of the in- 
ilrument, that leading obje& was hr ft to be well fe- 
cured. Mr. Moliucttx’s apparatus then having been 
completed, and fitted for ebfcrving, about the end of 
November 1721;, on the third day of December follow¬ 
ing, the bright liar in the head of Draco, marked y by 
Bayer, wan for the lit-il time obferved, as it puffed near 
the zenith, and its fituation carefully taken with the in- 
ftrument. The like obfu ration? were made on the 
fifth, eleventh, and twelfth days of the fame month ; 
and there appearing no material difference in the place 
of the liar, a farther repetition of them, at that feafen, 
feemed needicfs, it being a lime of the year in which 
no fcnfible alteration of parallax, in this ftar, could foon 
be expelled. It .was therefore curioliiy that chiefly 
urged Dr. Bradley, being then at Kew, where the in- 
llrument was fixed, to prepare for obferving the ftar 
again on the 17th of ihe fame month} when, having 
adjufted the inftrument as ufual, he perceived that it 
pafled a little more foutherly this day than it had done 
before. Not fufpedling any other caufe of this appeav- 
ance, they firft concluded that it was owing to the un¬ 
certainty of tlie observations, and that either this, or 
the foregoing, was not fo cxaf.l as they had befoie fup- 
pofed. For which reafon they propofed to repeat the 
obfervation again, to determine from what caufe this dif■ 
ference might proceed: and upon doing it, on the 20th of 
X>eoember, the do&or found that the liar palled Hill more 
foutherly than at the preceding obfervation. This fen- 
fible alteration furprifcd them the more, as it was the 
contrary way from what it would have been, had it 
proceeded from an annual parallax of the ftar. But 
being now pretty well fatisfied, that it could not be en¬ 
tirely owing to the want of exa&neft in the obferva- 
tiona, and having no notion of any thing elfe that could 
caufe fuch an apparent motion as this in the ftar; they 
began to fufpeft that fome change in the materials, or 
fabric of the inftrument itfelf, might have occafibncd it. 
Undet theft uncertainties they remained for fome time ; 
but being at length fully convinced, by feverai trials, of 
the great exadnefs of the inftrument; and finding, by 
the gradual ineveafc of the ftar’s diftance from the pole, 
that there rouft be fome regular caufe that produced it; 
they took care to examine very nicely, at the time of 
each' obfervation, hoW much the variation was; till 
about the beginoinfof March 1726, the ftar was found 
to be zo ' 1 more foutherly than at the time of the firft 
obfervation: it now indeed feemed to havoarrived at its 
utmoft limit Southward, as in feverai trials, made about 
this time; ho lehfible difference was obferved in its fitu¬ 
ation, By the middle oftApril it appeared to be re¬ 
turning hack again towards the north ; and about the 
wrgitroihg of June, it pafied at the fame diftance from 
tW eenrw,- as it bad done in December, when it was 
firft obferved. ; , 

■ From the quick alteration in the declination of the 
ftar *abont this time, increafing about one fecond in 
three days, it was conjeduied that it would now pro- 
northward, as it had before gone fouthward, of its 
pnrfeot iitaittOR; and it happened accordingly '} for 
the ftar continued to move northward till September 
foBowing, when it became ftat ionary again} being then 
near zo" mdre northerly than in 7une, and upwards of 
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3</-' more northerly than it had been in March. Front 
September the liar again returned towards the fouth, 
till, in December, it arrived at the fqme fituation in 
which it had been obferved twelve months before, alio ly¬ 
ing for the difference of declination on account of the 
prcccffion of the equinox. 

This was a fufticient proof that the inftrument had 
not been the caufe of this apparent motion of tic iUr; 
:tnd yet it feemed difficult to devife one that fit on cl be 
adequate ro fuch an unufual cflt’it. A nutation o. the 
earth’s axis was one of the firft things that offered itfelf 
ori this occafion ; but it was foon found to be iuluf- 
ficieni; for though it might have aicuinltd for the 
change of declination in y Drncoiiis, yet it would not 
at the fame lime accord v. iih the phenomena obferved 
in the other ftant, particularly in a fundi one all.10ft <>;i- 
pnfitc in right afceufion to 7 Drac-mis, and’ at about 
the fame diftance from the north pole of tie. 1 equator: 
for though this ftar feemed to none tlie tame way, as a 
nutation of the earth’s axis would have made it; w.t 
changing its dedination hut about half as much as y 
Draconis in the fame time, as appealed «,i comparing 
the obfervatioiiB of both.made 011 the from d tv at dii- 
ferent feafons of the year, this plainly prow.! that the 
apparent motion of the ftar was not oceaiimud by a 
real nutation; fiuce, hid that been the eale, the aliti- 
ation in both liars would have been marly eq.nl. 

The great regularity of the obtervaricin left no room 
to doubt, but that there was fome uniform cauu- by 
which this unexpected motion was produced, and which 
did not depend on the uncertainty or variety of the 
feafons af the year. Upon comparing the older vat ions 
with each other, it was difeovered that, in both the 
liars above mentioned, the apparent difference of decli¬ 
nation from the maxima , was always nearly proport ional 
to the verfed fine of the fun’s diftance from the equi¬ 
noctial points. This was an inducement to think that 
the caufe, whatever it was, bad fome relation to the 
fun’s fituation with rcfpetl to thole points. But not 
being able to frame any hypotheiis, fulficicnt to account 
for all the phenomena, and being very delirous to fcjrch 
a little farther into this matter. Dr. Bradley began to 
think of creCting an inftmmcnt for himfelf at Wanfiead; 
that, having it always at hand, he might with the more 
cafe and certainty enquire into the laws of this new 
motion. The conlidtration likewife of being able, by 
another inftrument, to confirm the truth of the ob- 
fervations hitherto made with that of Mr. Mohneux, 
was no fmail inducement to the undertaking ; but the 
chief of all was, the opportunity he Ihould thereby have 
cf trying in what manner other liars Ihould be alfeCted 
by the fame caufe, whatever it might he. For Mr. Moli- 
neux’s inftrument being originally defigned for obferving 
y Draconis, to try whether it had any fcnliblc parallax, it 
was fo cent 1 ived, *&s to be capable of but little alteration’ 
in its direction ; not above (even or eight minutes of a 
degree : and there being but few liars, within half that 
diftance from the zenith of Kew, bright enough to be 
well obferved, he could not, with his inftrument, tho¬ 
roughly examine bow this caufe affedled liars that were 
differently fituated, with refpedl to the cqmnodtial and 
follticial points of the ecliptic. 

Thefe confiderations determined him ; and by the 
contrivance and direction of the fame ingenious perfon, 

Mr. 
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Mr. Graham, his inftroment was fixed «lp. the 19th of 
Augtift 1737. As he had no convenient place where 
he could make ufe of fo long a telefcope as Mr. Mo- 
lincux’s, he contented himfelf with.' one of but little 
more than half the length, namely of j 3 feet and a half, 
the other being 24 feet and a half long, judging from 
the experience ne had already had, that this radius would 
he long enough to adjufl the inllrumcnt to a fufficient 
degree of exadlncfs: and he had no reafon afterwards 
to change his opinion; for by all his trials he was very 
well fatisfied, that when it was carefully rectified, its 
fituation might be fecurcly depended on to half a 
fecond. As the place where hi* itrflrument was lump;, 
in fume meafiue determined its radius; fo did it alio 
the length of the arc or limb, on which the divifions 
were made, to adjuft it: for the arc could not conve¬ 
niently be extended farther, than to reach to about 6^ 
degrees on each fide of his zenith. This however was 
lufiicient, as it gave him an opportunity of making 
choice of fcveial liars, very different both in magnitude 
and fituatiou; thetc being more than two hundred, in* 
ferted in the Ilritifn Catalogue, that might be obferved 
with it. He needed not indeed to have extended the 
limb fo far, but that he was willing to thke in Cape Ha, 
the only (lar of the firft magnitude that came fo near his 
zenith. 

His inftmment being fixed, he immediately began to 
obferve fucli liars as he judged mod proper to give him 
any light into the caufc of the motion already men¬ 
tioned. There was a fufficient variety of fmall ones, 
and not lefs than twelve that he could obferve through 
all feafons of the year, as they were bright enough to 
be feen in the day-time, when neareft the fun. He 
had not been long observing, before he perceived that 
the notion they had before entertained, that the liars 
were far theft north and fouth when the fun was near 
the equinoxes, was only true of thofe liars which are 
near the folfticial colure. And after continuing his 
observations a few months, he difeovered what he then 
apprehended to be a general law obferved by all the 
liars, namely, that each of them became ilationary, or 
was fartheft north or fouth, when it palled' over his 
zenith at fix of the clock, either in the evening or 
morning. He perceived alfo that whatever fituation 
the liars were in, with refpedt to the cardinal points of 
the ecliptic, the apparent motion of every one of them 
tended the fame way, when they puffed his intlrument 
about the fame hour of the day or night; for they all 
moved fouthward when they parted in the day, and 
northward when in the night; fo that each or them 
was fartheft north, when it came in the evening about 
fix of the clock, and fartheft fouth when it came about 
fix in the morning. 

Though he afterwards difeovered that the maxima, 
in molt of thefe ftars, do not happen exactly when they 
pafs at thofe hours 3 yet, not being able at that time to 
prove the contrary, and fnppofing that they did, he en¬ 
deavoured to find out what proportion the greateft 
alterations of declination, in different ftars, bore to each 
other ; it being-very .evident that they did not all change 
their declination equally. It has been before noticed, 
that it appeared from Mr. Molincux’s obfervations, that 
•y Dr acorns changed its declination above twice as much 
as the before-mentioned fmall ftar that was nearly op- 
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polite to it; but examining the matter more nicely, lie 
found that the greateft change in the declination of 
thefe liars, was as tbe fine of the latitude of each ftar 
refpedlivciy. This led him to fufpcdl that there might 
be the like proportion between the maxima of other 
ftars $ hut finding that the obfervationsof fame of them 
would not pet fcdllycorrripond with Inch an hypothefis, 
and not knowing whether the fmall difference he .met’ 
with might nqt be owing to the uncertainty and'error 
of the observations, he deferred the farther examination 
into the truth of this hypothefis, till he fhould be farther 
furnilhed with a ftt res of obfervations made in all parts 
of the year ; which would enable him not only to de¬ 
termine what ertors the okfti vations might be liable to, 
or how far they might fafely be depended on ; but alfo? 
to judge, whether there had been any fcnfthle change in 
the parts of the inftrument itfelf. 

\V hen the year was completed, he began to examine 
and compare his observations; and having pretty well 
fatisfied himftlf as to the general laws of the pheno¬ 
mena, he then endeavoured to find out the caufc of 
them. He was already convinced that the apparent 
morion of the ftars was not owipg to a nutation of the’ 
earth’s axis. The next that occurred to him, was an 
alteration in the direction of the plumb-line, by which 
the inftrument was couftantly adjuiled ; 'but this, -upon, 
trial, proved infufficient. Then he confidcrcd wdiat re- 
fradliou might do; but here alfo he met with no falif- 
fadlion. At lali, through an amazing fagacity, be 
conjectured that all the phenomena hitherto mentioned, 
proceeded from the progreflive motion of light, and the 
earth’s annual motion m her orbit: fur he perceived* 
that if light were propagated fn time, the apparent 
place of a fixed objcdl would not be the fame when the 
eye is at reft, as when it is moving in any other direc¬ 
tion but that of the line parting through the object and 
the eye; and that when the eye is moving in different 
directions, the apparent place of the objedt would be. 
different. 

He confidered this matter in the following manner.. 
He imagined C A to be a ray of 
light, falling perpendicularly upon the 
line B D: then, if the eye be at left at 
A, the object mull appear in the di¬ 
rection AC, whether light he propa¬ 
gated in time, or in an inllant. But 
if the eye be moving from B towards 
A. and light be propagated in time, 
with a velocity that is to the velocity , 
of the eje, as AC to AB; then, 
light moving from C to A, whilff the 
eye moves from B to - A, that particle • 
of it by which the objedl will be dif- 
cetned, when the eye in its motion 
comes to A, is at C when the eye is 
at B. Joining the points B» C, he 
fuppefed the One BC to be a tube, 
inclined to the line B D in the angle D B C, and of 
fnch a diameter as to admit of but one particle of light; 
then it was eafy to conceive, that the particle of light 
at C, by which the objedt muft be ften when the eye • 
arrives at A, would pals through the tube B C, fo in¬ 
clined to the line B1), and accompanying the eyeiti 
its motion from B to A;' and that it would not come 

t 9 j 
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to the eye, placed behind fuch a tube, if it had any 
other inclination to the line B D. If, inftead of fup- 
pofing B C fo fmall a tube, we conceive it to be the 
axis of a larger ; then, for the fame rcafon, the particle 
of light at C cannot pafs through that axis, unlefs it be 
inclined to B D in the lame angle D B C. 

In the like manner, if the eye move the contrary 
■way, from D towards A, with the fame velocity; then 
the tube mull be inclined in the angle BDC. Although 
therefore the true or real place of an objedt, he perpen¬ 
dicular to the line in which the eye is moving, yet the 
viiible place will not be fo; iince that mud douhtlefs 
be in tne diredtion of the tube. But the difference be¬ 
tween the true and apparent place, will be, aetcrit pa- 
riiut , greater or lefs, according to the different pro¬ 
portions between the velocity of light and that of the 
eye: fo that if we could fuppofe light to be propagated 
in an inftant, then there would be no difference between 
the real and viiible place of an objeft, although the eye 
were in motion | for in that cafe, A C being infinite 
with refpeft to A,B, tbe angle A C B, which is the 
difference between tbe true ntui vifible place, vanifhes. 
But if light be propagated in time, which was then 
allowed by moil philofophers, then it is evident from 
the foregoing conftderations, that there will always be 
a difference between tbe true and viiible place of an ob- 
JC&, accept when the eye is moving either dircflly to¬ 
wards, or from the. object. And in all cafes, the fine 
•f tbe difference between tbe true and viiible place of 
the objedt, will be to the fine of the vifible inclination 
of the object to tbe line in which the eye is moving, as 
the velocity of the eye, is to the velocity of light. 

If light moved only 1000 times falter than the eye, 
and an object, fuppofed to be at an infinite difiance, 
were really placed perpendicularly over the plane in 
which tbe eye is moving; it follows^ from what has 
been faid, that the apparent place of fuch objedt will 
always be inclined to that plane, in an angle of-89® 
56'^; fo that it will confiantly appear 3'I from its true 
place, and will feem to much lefs inclined to the plane, 
that way towards which the eye tends. That is, if 
AC be to A B or AD, as 10 00 to 1, the angle 
A BC will be 89° 56and the angle A C B 3^, and 
B C D or * A C B will be 7', if the direction of the.mo- 
tioa of the eye be contrary at one time to what it is at 
another. 

If the earth revolve about the fun annually, and the 
velocity of light were to the velocity of the earth's mo. 
tioa in it* orbit, as tooo is to 1 ; then it is eafy to 
conceive, that a ftar really placed in tlse pole of the 
cdiptiC| would to an’eye carried along with the earth, 
from to change it* place continually » and, ncgleding 
the fmall difference on account of tbe earth's diurnal 
revolution On its axis, it would teem to deferibe a circle 
about that pole, every where diftant from it by 3'J, 
So that its longitude would be varied through all the 
points of tbe ecliptic every year, but it* latitude would 
always remain the fame. It* right afccnfion would atfo 
change, and its deebaatioa, according to the different 
fixation of the fusio refpeift of tbe cquinodliaJ points 1 
and it* apparent dillsoce from the north pole of the 
equator, would be f kfs at die autumnal, than at tbe 
vcrasl equinox* 
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The greateft alteration of the place of a ftar, in the 

f iole of the ecliptic, or, which in effeft amounts to the 
ame, the proportion between the velocity of light and 
the earth’s motion in its orhit, being known, it will 
not be difficult to find what would be the difference, on 
this account, between the true and apparent place of 
any other ftar at any time; and, on tne contrary, the 
difference between the true and apparent place being 
given, the proportion between the velocity of light, and 
the earth's motion in her orbit, may be round. 

After the liiftory of this curious difeovery, related 
by the author nearly in the terms above, be gives the 
refults of a multitude of accurate obfervations, made on 
a great number of ftarr, at all fcafous of the year. 
From all which obfervations, and tbe theory as related 
above, he found that every ftar, in confluence of the 
earth’s motion in her orbit and the progreffive motion 
of light, appear to deferibe a fmall ellipfe in the 
heavens, the tranfvcrfc uxis of which is equal to the 
fame quantity fot every ftar, namely 40" nearly ; and 
that the conjugate axis of the ellipfe, for different liars, 
varies in this proportion, namely, as the right fine of 
the liar’s latitude ; that is, radius is to the line of the 
liar’s latitude, ns the tranfvcrfc axis to the conjugate 
axis: and confequcntly a ftar in the pole of the ecliptic, 
its Iititude being there yo°, whole line is equal to the 
radius, will appear to deferibe a ftr.all circle about that 
pole as a centre, whole radius is equal to 20". He 
alfo gives the following law of the variation of the 
ftaf's declination: if A denote the angle of pnJition, 
or the angle at the ftar made by two greet circles drawn 
from it through the poles \»f the ecliptic and equator, 
and B another angle, whofe tangent is to the tangent 
of A, ns radius is to the fine of the liar’s latitude ; 
then B will be equal to the difference of longitude be¬ 
tween the fnn and the liar, when the true and ap¬ 
parent declination of the ftar are the fame. And if 
the fun's longitude in the ecliptic be reckoned from that 

i ioint in which it is when this happens; then the dif- 
crenc* between the true and apparent declination of 
tlse ftar, will be always as the fine of the fun's longitude 
from that point.. It will alfo be found that the greateft 
difference of declination that can be between tU true 
and apparent place of the ftar, will be to 20", the 
femitranfverfe axis of the ellipfe, as the fine of A to the 
fine of B. 

The author then (hews, by tbe companion of a num¬ 
ber of obfervations made on different liars, that they ex¬ 
actly agree with the theory deduced from the progi effive 
motion of light, and that eonfequently it is highly pro¬ 
bable that fuch motion is the catife of thofc variations 
in the fituation of the ftar*. From which he infers, 
that the parallax of the fixed ftar* is much fmeller, than 
hath been hitherto fuppofed by thofe, who have pre¬ 
tended to deduce it from their obfervations. He 
thinks he may dbnturc to fay, that in the ftars he had 
obferved, the parallax doe* not amount to a"; nay, 
that if it had amounted to 1", he ihould certainly have 

E erceived it, in the great number of obfervations that 
e made, efpecially of y Draconis 1 which agreeing 
with the hypothecs, without allowing any thing for 
parallax, nearly as well when the fun was in onujundtion 
with# as in oppofition to, this ftar, it fis«n» very pro¬ 
bable 
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table that the parallax of it is not fo much ns one 
lingle fecond ; and cnnfequcntly that it is above 400000 
times farther from us than the fun. 

From the greateft variation in the place of the ftars, 
namely 40", Dr. Bradley deduces the ratio of the 
velocity of light in comparifon with that of the earth 
in her orbit. In the preceding figure, A C is to A B, 
ns the velocity of light to that of the earth in her or • 
bit, the angle A C B being equal to to"; fo that the 
ratio of thofe velocities is that of radius to the tangent 
of 20", or of radius to 20", fmcc the tangent has no 
fenfiblc difference from fo foUll an arc : but the radius 
of a circle is equal to the arc of 57°Vt> nearly, or equal 
to 206360"; therefore the velocity of light is to the 
velocity of the earth, as 206260 to 20, or as 10313 
to 1. 

And hence alfo the time in which light paffes over 
the fpace from the fun to the earth, is eaiily deduced; 
for tikis time will be to one year, as A B or 20 '' to 360* 
or the whole circle ; that is, 360“: :: 3651 days: 

8 m 7*, namely, light will pufs from the fun to the earth 
in tlie time of 8 minutes, 7 ftconds; and this will be 
the fame, whatever the difiance of the fun is. 

Dr. Bradley having annexed to his theory the rules 
or formula: for computing the aberration of the fixed 
ftars in declination and right afeenfion; thefe rules have 
been variously deinonfiratcd, and reduced to other prac¬ 
tical forms, by Mr. Clairaut in the Memoirs or the 
Academy of Sciences for 1737 j by Mr. Simpfon infcis 
Efiays in 1740 ; by M. Fontaine des Crutcs in 1744; 
and feveral other perfons. The refults of thefe rules 
are as follow: Every liar appears to deferibe in the 
courfe of a year, by means of the aberration, a fmall 
cllipfc, whole greater axis is 40'', and the lefs axis, per¬ 
pendicular to the ecliptic, is equal to 40 y multiplied by 
the fine of the liar’s latitude, the radius being 1. 
The caftern extremity of the longer axis, marks the 
apparent place of the liar, the day of the oppofition; 
and the extremity of the lefs axe, which is fartheft 
from the ecliptic, marks its fituation three months 
after. 

The greateft aberration in longitude, is equal to 20 * 1 
divided by the cofine of its latitude. And the aber¬ 
ration for any tune, is equal to to" multiplied by the 
cofinc of the elongation of the liar found for the fame 
time, and divided by the coline of its latitude. This 
aberration is fubtraftive in the firil and laft quadrant of 
the argument, or of the difference between the longi¬ 
tudes of the fun and ftar; and additive in the fecond 
and third quadiants. The greateft aberration in lati¬ 
tude, is equal to ao'' multiplied by the fine of the liar’s 
latitude. And the aberration in latitude for any time, 
is equal to 20" multiplied by, the fine of the ftar’s lati¬ 
tude, and multiplied alfo by the fine of the elongation. 
The aberration is fubtra&ivc before the oppofition, and 
additive after it. 

The greateft aberration in declination, is equal to 20" 
multiplied by the fine of the angle of pofition A, and 
divided by the fine of B the difference of longitude 
between .the fun and ftar when the aberration in decli¬ 
nation is nothing,. And the aberration in declination 
at any other time, will be equal to the greateft aberra¬ 
tion multiplied by the fine of the difference between the 
fun's place at the given time and his place when the 


aberration is nothing. Alfo the fine of the latitude of 
the ftar is to radius, as the tangent of A the angle of 
pofition at the ftar, is to the tangent of B, the differ¬ 
ence of longitude between the fun and ftar when the 
aberration in declination is nothing. The greateft aber¬ 
ration in right-afeenfion, is equal to 20" multiplied by 
the cofinc of A the angle of pofition, and divided by 
the fine of C the difference in longitude between the 
fun and ftar when the aberration m right afeenfion it 
nothing. And the aberration in right-afeenfion at any 
other time, is equal to the greateft aberration multiplied 
by the fine of the difference between the fun’s place 
at the given time, and his place when the aberration is 
nothing. Alfo the fine of the latitude of the ftar is 
to radius, as the cotangent of A the angle of pofition, 
to the tangent of C. 

Aberration of the Planets , is equal to thegeocen- 
trie motion of the planet, the fpace it appears to move 
as feen from the earth, during die time that light em¬ 
ploys in palling from the planet to the earth. Thus, 
in the fun, the aberration in longitude is conftantly ao", 
that being the ipace moved by the fun, or, which is the 
fame thing, by the earth, in the time of 8* 7*, which is 
the time in which light paffes from the fun to the earth, 
as we have feta in the foregoing article. In like man¬ 
ner, knowing the didance of any planet from the earth, 
by proportion it will be, as the diftance of the fun is to 
the diftance of the planet, fo is 8* 7* to the time of 
light palling from tue planet to the earth :* then com¬ 
puting the planet’s geocentric motion in this time, 
that will be the aberration of the planet, whether it be 
in longitude, latitude, right-afeenfion, or declination. 

It is evident that the aberration will be greateft in 
the longitude, and very fmall in latitude, becaufe the 
planets deviate very little from the plane of the ecliptic,. 
or path‘of the earth ; fo that the aberration in the lati¬ 
tudes of the planets, is commonly negle&cd, as infenfi- 
blc ; the greateft in Mercury being only 4 ttj t and mtich 
lefs in the other planets. As to the aberrations in de¬ 
clination and right-afeenfion, they muu depend on the 
fituation of the planet in the zodiac. The aberration 
in longitude, being equal to tbe geocentric motion, will 
be more or lefs according as that motion is; it will 
therefore be lead, or nothing at all, when- the planet is 
ftationary ; and greateft in the fupcrinr planets Mara, 
Jupiter, Saturn, 6 cc, when they are fn oppofition to the 
fun; but in theinferior planets Venus and Mercury, the 
aberration is greateft at the time of their fuperior con¬ 
junction. Thefe maxima of aberration for the feveral 
planets, when their diftance- from the fun is leaft, are aa 
below; via, for 

Saturn - - - *7^*0 • 

i upjtcr - - - 29 ’8 
dart ... 37 *8 

Venus - - - 43 ** 

Mercury - - .59 *0 

The Moon - - | 

And between thefe numbers sod nothing, the aberrations 
of the planets, in longitude, vary according to their 
fituations. But that of the fuo varies not, being con- - 
firmly 20", as has been before obferved. And this 
may alier his declination by a quantity, which varies 
from o to near 8"; being greateft or 8 /; about the 
equinoxes, and vanifhing in the foltUccs- 

The 
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The methods of computing thefc, and the formulas 
for all cafes, are given by M. Clairuut in the Memoirs 
of the Academy of Sciences for the year 1746, and 
by M. Euler in the Berlin Memoirs, voL 2, for 1746. 

Optic Abkru.vtiok, the deviation or difperfion of 
the rays of light, when reflected by a fpeculum, orre- 
fradled by a lens, by which they are prevented from 
meeting or uniting in the fame point, called the geo- 
mctricr.l focus, hut are fpread over a fmall fpacc, and 
iroducc a coiifulion of images. Aberration is either 
ateral or longitudinal: tire lateral aberration is mea- 
.lured by a perpendicular to the axis of the fpeculum 
or lens, drawn from the focus to meet the refracted or 
reflected ray : Uie longitudinal aberration is the dif- 
tancc, on the axis, between the focus and the point 
when: the ray meets the axis. The aberrations are 
.very amply treated in Smith's Complete Syftem of 
Optics, m 2 volumes 4to. 

There are two fpecies of aberration, diftinguifhed 
according to their <1 life rent caufes: the one arifes from 
the figure of the fpeculum or lens, producing a geome¬ 
trical difperfion of the rays, when thefe are perfe&ly 
cqtial irt all refpetts j the other arifes from the unequal 
refrangibiliiy of the ray s of light thcrnfelvcs; a dif- 
covcry that was made by Sir IfnaeNewtftn, and for this 
reafon it is often called the Newtonian aberration. As 
to the former fpeties of aberration, or that arifing 
from the figure, it is well known that if rays ifliie from 
a point at a given dill ance j then they will be reflected 
into the other focus of an dlipfe having the given lu¬ 
minous point for one focus, or directly from the other 
fofius of an hyperbola ; and will be varioufly difperfed 
by all other'figures. But if the luminous point be 
infinitely diitant, or, which is the fame, the incident 
rayx be parallel, then they will be 1 eflefted by a para- 
bolainto its focus, and varioufly difperfed by all other 
figures. But thofe figures arc very difficult to make, 
and therefore curved fpecula are commonly made fphe- 
rical,, the figitre of which is generated by the revolu¬ 
tion of a circular arc, which produces an aberration 
«fall .rays, whether they are parallel dr norland therefore 
It has no accurate geometrical focus which is common 
to aB the rays. Let B V F reprefent a concave fphe- 
irical fpeculum, whofe centre is C; and let A B, K F. 
be incident taya parallel to the axis CV. Bccaufe the 
angle of incidence iseqnal to the angle of rdkctftm in 



aB cafes, therefore if the radii C B, C F bc'drawn to*the 
points ofincidence, and thence B 13 making the angle 
C B D edtikl to the angle C B A, and F G making the 
angle CrG equal totheangle C FE ; then B D, FG 
win be the reficded rays, and D, G, the points vfherc 


they meet the axis. Hence it appears that the point 
of coincidence with the axis is equally diftant from the 
point of incidence aifd the centre : for bccaufe the angle 
C B D is equal to the angle C B A, which is equal to 
the alternate angle BCD, therefore their oppofitc 
fides C D, D B are equal: and in like maimer, in any 
other, G F is equal to G C. And hence it ta evident 
that when B is indefinitely near the vertex V, then D 
isfn the middle of the radius C V; and the nearer ttec 
incident ray is to the axisC V, the nearer will the re* 
flcSed ray come to the middle point D; and the con¬ 
trary. So that the abcrrhlinn D G of any ray E F G, 
is always more and more, as the incident ray is farther 
from the axis, or the incident point F from the vertex 
V ; till when the diltancc V X is fio degrees, then the 
refledled ray falls in the vertex V, making the aberra¬ 
tion equal to the whole length 1 > V. And this (hews 
the reafon why fpecula arc made of a very fmall fegment 
of a fpherc, namely, that all their refledled rays may 
arrive very near the middle point or focus D, to produce 
an image the moil diilindl, by the Iqail aberration of 
the rays. And in like manner for rays rtfradled through 
lenfee. 

In (pherical Ictifcs, Mr. Huygens has demonftrated 
that the aberration from the figure, in different lenfes, 
is as follows. 

1. In all plano-convex lenfes, having their plane fur- 
face expofed to parallel rays, the longitudinal aberration 
of the extreme ray, or that remotefi from the axis, is 
equal to £ of the thicknefs of the lens. 

a. In all plano-convex lenfee, having their convex 
furfacc expofed to parallel rays, the longitudinal aber¬ 
ration of tne extreme ray, is equal to -t of the thicknefs 
of the lens. So that in this politico of the fame plano¬ 
convex lens, the aberration is but about one-fourth 
of that in the former; being to it only as 7 to 27. 

3. In all double convex lenfes of equal fpheres, the 
aberration of the extreme ray, is equal to f of the 
thicknefs of the lens. 

4. In a double convex lens, the radii of whofe fpheres 
are as t to 6, if tbe more convex furfacc he expofed to 
parallel rays, the aberration from the figure is Itfs than 
in any other fphcrical lens; being nojnorc than of 
its thicknefs. 

But the foregoing fpecies of aberration, arifing from 
the figure, is very fmall, and ealily remedied, in com- 
parifon with the other, arifing from the unequal re- 
frangibility of the rays of light; infomuch that Sir 
Ifaac Newton (hews in his Optics, pa. 84 of the 8vo. 
edition, that if the objedt-glafs of a telefcope be plano¬ 
convex, the plane fide being turned towards the objedt, 
and the diameter of the fphere, to which the convex 
fide is ground, be 100 feet, the diameter of the aper¬ 
ture being 4 inches, and the ratio of the fine of inci¬ 
dence out of glafs into air, be to that of refra&ion, as 
20 to 31 ; then the diameter of the circle of aberrations 
will in this cafe be Only rxl&huw -part* of an inch : 
while the diameter of the little circle, through which 
the fame rays-ate fcattered. by unequal refrangibility, 
will be about the 55th part of the aperture of the ob- 
jcA-glafs, which here is 4 inches. And therefore the 
error arifing from the loherical figure of the glafs, is to 
the error arifing from the different refrangihibty of the 
rays,' as j %fiatrav to fy, that is as 1 to 5449 * 


So 
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So that it may fcem ft range that objects appear 
through telcfcopes fo as they do, confideriug 

that the error ariilngfrom the different refrangibility, is 
almoft incomparably larger than that of the figure. 
Newton however folves the difficulty by sabferving that 
the rays, under their various aberrations, arc not fcat- 
tcrcd uniformly over all the circular fpaco, but cpllcftcd 
infinitely more denfe in the centre than in any other 
part of the circle; and that, in the way from the cen¬ 
tre to the circumference, they grow more and more 
rare, fo as at the circumference to become infinitely 
rare; and, by icafon of their rarity, they arc not 
ilrong enough to be viftble, unlcfs in the centre, and 
very near it. 

In confequence of the difeovery af the unequal re- 
frangibility of light, and the apprehenfion that equal 
refradtions muft produee equal divergencies in every 
fort of medium, it \va^ fuppofed that all fphcrical objedl- 
glaffes of telcfcopes would be equally affected by the 
different refrangibility of light, in proportion to their 
aperture, of whatever materials they might be con- 
liructcd: and therefore that the only improvement that 
could be made in reflating ttlifeojve.-, was that of in- 
creafing their length. So that Sir Dane Newton, and 
other perfonatfter him, defpairing of fuccefs in theufe 
and fabric of lenfes, diredted their chief attention to 
the conflrudtion of reflecting telefcopcs. 

However, about the year 1747, M. Euler applied 
himfelf to the fubjcCt of refraCtion; ,and purfued a 
hint fuggefled by Newton, for the defign of making 
objeCl-giaffes with two lenfes of glafa inelofing water 
between them ; hoping that, by conftruCting them of 
different materials, the reflations would balance one 
another, and fo the ufual aberration be prevented. Mr. 
John Dollond, an ingenious optician in London, mi¬ 
nutely examined this feheme, and found that Mr. 
Euler’s principles were not fatisfaCtory. M. Clairaut 
likewife, whole attention had been excited to the fame 
fubjedt, concurred in opinion that Euler’s (peculations 
were more ingenious than ufeful. This controverfy, 
which feemed to be of great importance in the fcienceof 
optics, engaged alfo the attention of'M. Klingcnftierna 
of Sweden, who was led to make a careful examination 
of the Sth experiment in the feeond part of Newton’s 
Optics, with the conclufions there drawn from it. The 
confequence was, that he found that the rays of light, 
in the circumltanccs there mentioned, did not lofc their 
colour, as Sir Ifaac had imagined. This hint of the 
Swtdilh philofophcr led Mr. Dollond to re-examine the 
fame experiment: and after feveral trials it appeared, 
that different fubflances caufcd the light to diverge very 
differently, in proportion to their general refractive 
powers. In the year 1757 therefor* he procured 
wedges of different kinds of glafs, and applied them 
together fo that the refractions might be made in con¬ 
trary directions, that he might difeover whether the 
refraction and divergency of colour would vauifh toge¬ 
ther. The refult of his firft trials encouraged him to 

t ieifcverc; for he dil'covered a difference far beyond l.is 
lopea in the qualities of different kinds of glafs,. with 
refpeCt to their divergency of colours. The Venice 
glafs and Englifh crown glafs were found to be nearly- 
allied in this refpeCt: the common Englifh plate glafs 
made the rays diverge more j and the Englifh Hint 
Vol. I. 
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glafs mofl of all. But without enquiring into the 
caufe of this difference, he proceeded to adapt wedgefc 
of crown glafs, and of white flitit glafs, ground to dif¬ 
ferent angles, to each other, fo as to refraCl in different 
directions; till the refraCtcd light was entirely free from 
colours. Having meafured the refraCtions of each 
wedge, he found that the refraCtion of the white glafs 
was to that of the crown glafs, nearly as 2 to 3 ; and 
he hence concluded in general, that any two wedges 
made in this proportion, and applied together fo as to 
rcftaCt in contrary directions, would refract the light 
without any aberration of the rays. 

Mr. Dollond’s next objedt was to make fimilar trials 
with fphcrical glaffcs of different materials, with the 
view of applying his difeovery to the improvement of 
telcfcopes: and here he perceived that, to obtain a re- 
fvaCtion of light in contrary directions, the one gkifs 
muft he concave, and the other convex ; and the 
latter, which was to refract the molt,' that the rays 
plight converge to a real focus, fie made of crown 
glafs, the other of white flint glafs. And as the 
refractions of fphcrical glaffcs are' inverfely as their 
focal di(lances, it was neceffury that the focal diftaneci 
of the two glades fhould be inverfely as the ratios of 
the refractions of the wedges; beeaufe that, being thus 
phiportioned, every ray of light that paffes through 
this compound glafs, at any diilance from its axis, 
will conitantly be refracted, by the difference between 
two contrary refractions, in the proportion required; 
and therefore the different refrangibility of the light 
will be entirely remoyed. 

But in the applications of this ingenious difeovery 
to practice, Mr. Dollond met with many at}d great 
difficulties. At length, however, after many repeated 
trials, by a refolute perfe verance, he fucceeded fo far as 
to conltruCt refraCting telcfcopes much fuperior to an? 
that had hitherto been made; reprefenting objeCts with 
great diitinCtnefs, and in tlieir true colours. 

Mr. Clairaut, who bad intercited himfelf from the 
beginning in this difeover}*, now endeavoured to afeer- 
tain the principles of Mr. Dollond’s theory, and to lay 
down rules to facilitate the conflruCtion of thefe new 
telcfcopes. With this view he made feveral experiments, 
to determine the refraCtive power of different kinds 
of glafs, and the proportions in which they feparated 
the says of light; and from thefe experiments he de¬ 
duced feveral theorems of general life. M. D’Alem¬ 
bert made likewife a great variety of calculations to 
the fame purpofe ; aud he (hewed how to correCt the 
errors to which thefe telcfcopes are fubjeCt, fotnetimes 
by placing the object-glaffes at a frnall diilance from 
each other, and fometimes by uling eye-glades of dif¬ 
ferent refractive powers. But though foreigners were 
hereby fupplied with the moil accurate calculations, 
they were very defective in praCtice. And the Engliih 
telcfcopes, marie, as they imagined, without any precife 
rule, jvere greatly fuperior to the bell of their con- 
ftruCtion. * 

M. Euler, whofc fpeculations had firfl given occafion 
to this important and ufeful enquiry, was very reluctant 
in admitting Mr. Dollond’s improvements, beeaufe 
they militated againil a pre-conceived theory of his 
own. At lait however, after feveral altercations, being 
convinced of their reality and importance by M. Clair- 

G aut. 
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•Ut» he affented ; and he foon after received farther fa- 
tisfaftfon from the experiments of M. Zeiher, of Pe- 
tcrfburgh. 

M. Zeiher fhewed by experiment* that it is the lead, 
in the compofilion of glafs, which gives it this remark¬ 
able prpperty, namely, that while the refraction of the 
mean rays is nearly the fame, that of the extreme rays 
confiderably differs. And, by increafing the lead, he 
produced a kind of glafs, which- oceafioned a much 
rcater feparation of the extreme rays than that of the 
int glafs ufed by Mr. Doliond, and at the fame time 
confiderably increafcd the mean refraction. M. Zeiher, 
in the conrfe of his experiments, made glafs of minium 
and lead, with a mixture alfo of alkaline lairs ; and he 
found that this mixture greatly dimim'flied the mean 
refradion, and yet made hardly any change in the dif- 
perfion: and he at length obtained a kind of gluts 
greatly fuperior to the flint glafs of Mr. Doliond lor 
the ConftruCtion of telefcopcs;-as it occafioned three 
times as great a difperfion of the rays as the common 
glafs, whilft the mean refraCtion was only as i*6i to I. 

Other improvements were alfo made on the new or 
achromatic telefcopcs by the inventor Mr. John Dol¬ 
iond, and by his Ion Peter Doliond; which may be 
feen under the proper words. For various differtations 
on the fubjeCt of the aberration of light, colours, and 
the figure of the glafs, fee Philof. Tranf. vols. 35, 48, 
50, 51, 52, 55, 60; Memoirs of the Academy of 
Sciences of Paris, for the years 1737, i 74 &> 1 75 2 » 
-»755» ’756, 1757, 1762, 1764, 1765, 1767,1770; 
the Berlin Ac. 1746,1762, 176G; Swed. Mem. vol. 
16 ; Com. Nov. Pctripol. 1762 ; M. Euler’s Dioptrics; 
M. d’Alembert's Opufcules Math, j M. de Rochon 
Opufcules; &c. See. 

ABRIDGING, in Algebra, is the reducing a com¬ 
pound equation, or quantity, to a more Ample form of 
exprefiion. This is done either to favc room, or the 
trouble of writing a number of fymbols; or to Amplify 
the exprefiion, either to eafe the memory, or to render 
the formula more eafy and general. 

So the equation x l — ax* + abx—alc — o, by put¬ 
ting/ — a, q = ab, and r — abc, becomes x ' —fix* + 
ax — r — o. 

rib 

And the equation •*■*+ (a+b)x— — = 0, byputting 

p =u + b, and 7 = —, becomes x* + fx — J — °* 

ABSCISS, Abscisse. or Abscissa, is a part or 
fegment cut off a line, terminated at fome certaiu point, 
by an ordinate to a curve ; as A P or B P. 



The abfctft may either commence at the vertex of 
the curve, or at any other fixed point. Aud it may be 
taken either upon the axis or diameter of the curve, 
niv>n anw other line drawn in u given pofition. 


Hence there are an infinite number of variable abfeif- 
fes, terminated at the fame fixc&poirit at one end, the 
other end of them being at any point of the given line 
or diameter. 

■ In the common parabola, each ordinate P QJias but 
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one abfeifs A P; in the ellfpfe or circle, the ordinate 
has two abfeiffes A P, BP lying on the oppofile fides 
of it; and in the hyperbola the ordinate l* Q_has alfo 
two abfeiffes, but they lie both on the fame fide of it. 
That is, in general, a line of the ftcond kind, or a 
curve of the firtl kind, may have two abfeiffes to each 
ordinate. But a line of the third order may have three 
abfeiffes to each ordinate; a line of the fourth order 
may have four; and fo on. 

The ufe of the abfeiffes is, in conjunction with the 
ordinates, to exprefs the nature of the curves, 1 it her 
by fomc proportion or equation including the abfcils 
and its ordinate, with fome other fixed iiivariJdc Hue 
or lines. Every different curve has its own peculiar 
equation or property by which it is expreffeti, and iin- 
ferent from all others : aud that equation or cxprciTion 
is the fame for every oidinatcaud its abfeiffes, whatever 
point of the curve be taken. So, in the ei>clc, the 
fquare of any ordinate is equal to the reed ingle of its 
two abfciffss, or A P • P B = P ; in the parabola, 
the fquare of the ordinate is equal to the rectangle of 
the abfeifs and a certain given line called the parame¬ 
ter ; in the ellipfc and hyperbola, the fquare of the or¬ 
dinate is always in a certain con (hint proportion to tjie 
reftangle of the two abfeiffes, namely, as the fquare of 
the conjugate to the fquare of the tranfvcrfe, eras the 
parameter is to the tranfvcrfe axis; and fo other proper¬ 
ties in other curves. 

When the natures or properties of curves are cx- 
preffed by algebraic equations, any general abfeifs, as 
A P, is commonly denoted by the letter .v, and the or¬ 
dinate PQ by the letter y; the other or conftant lines 
being repmented by other letters. Then the equa¬ 
tions expreffmg the nature of thefe curves are as fol¬ 
low; namely, for the 

circle * - tlx — x % = /*, where d is the diameter A B; 
parabola - px sc y* , where p is the parameter ; 
ellipfc - <*:c*; itx—x* :y*, f where/ is the tranfverle, 
hyperbola/* : e*: t fx 4 x* :y*, \ & e the conjugate axis. 
ABSIS, ABSIDES. Sec Apsis, Apsidrs. 

An«inr.TTTF. 



ABSOLUTE Fo,uatio», in AJirnncmy, is the 
Aim of the optic and excentric equations. The ap¬ 
parent inequality of a planet’s motion,'criling from us 
not being equally dill mt from the earth at all times, 
is called its optic equation ; and this would fnbfift even 
if ti c- plar.tt'a real potiou were uniform. The cxceu- 
tiic inequality is rang'd hy the planet’s motion being 
r.ot unitoiu:. To illnftrate this, conceive the fuu to 
j.-.ove, <>i t(. app.-ar to move, in the eircumference of a 
cnele, In vlit fe o.rrc the tait'u is placed. It is ma- 
nii.il, t! it if *!.e inn n.uv: uni'bnnly in this circle, 
i ;.vti •;v ii t.it ::j war to ti.t.vc t.nil'irmly to a fpetflator 
; ’ t r .< • tit ; r,a -J in tliis ,;:!e tlrnre will be r.o Optic.nor 
i. *' . k equation. 1 ; ut iuppole the earth tq be jdaced 

? oi the ruitr.- of the their; and then, though the 
U :’s ntft‘on ’.i’ovhl be really uniform, it ■would not ap- 
j .,•! to I,.. Jo, being ictn Irom the cartli; and in this 
c .‘e tbiTc v odd he an optic equation, without an cx- 
ce t:!c r ti •. I:.’.; 1 gii.e farther, the fun’s orbit to be, 

i r.'t ti-ed.v; , hut di’ptical, and the earth in its focus: 

vdl: hr inil e-.i.rnt that the fun cannot appear to 
hue ,.n ’.nt'h.n.i ir.'.tinn in inch tfllipfe; fo that his 
’ .-tii 'ti v.!" be lubjcf.l to two equations} ihjt Is, 
thi i • :i< iquatiou, r :.il 1 1st* excel.tiic equation. See 
1.v v i'a ; i*-!., : :nl Oi vic Ixi ctyAUTY. 

A rsi.11 it Kumb.-r, in Algebra, is that term or 
i.ridjei of a.i equal In, that is completely known, and 
eq - u> all tie: other, or unknown terms, 
taken together ; and is the fame as what Vieta calls 
the h-rw^tn .:.w coirparctk.iit. So, of the equation 
vi* 16.v —36 — 0, or a 1 4 - i()x = 36, the abso¬ 
lute number, or known tern, is 36. 

/ih. oi.uti Charity, Maiun, Space, Time, i£c. Sec 
the 1 e fpefi iv e (nbllan tives. 

ABSTRACT MPtkemattcs, otherwife called 
pure mathematics, is that which treats of the proper- 
t ies of magnitude, figure, or quantity, abfolutely and 
generally considered, without icflri&iuu to any fpecics 
in particular: fuch as Arithmetic and Geometry. In 
this fenfe, abfiraiSt or pure nnthematics, is .oppoftd 
to mixed mathematics, in which ftmpie and abltraft 
properties, and the relations of quantities, primitively 
•.oniidetcil in pure mathematics, are applied to Icnubie 
objects j as in aftronomy, hydioilatics, optics, &c, 
Austract Jiumber, is 3 number, or Colicvtion of 
units, uinfultrcd in itlelf, without being applied to 
denote a collet!ion of any particular and determinate 
things. So, for example, 3 is an abflrafl number, fo 
far as it iwot applied to foniething: but when we fay 
3 feel, or 3 pu Jinis, the 3 is no longer an abltrail, but 
a cone't etc number. 

ABSURD, or Absurdum, a term commonly uftd 
in demon (lifting converfe propofition*; a mode of de- 
nionllrntion, in which the propofition intended is not 
proved in a direft. manner, by principles btfote laid 
down} but it innove* that the contrary is abfurd or ira- 
polfible; and fo indinfUy as it were proves the prepo- 
fition itfelf. The 4th propofition in the firtt book of 
Euclid, is the foil in which be makes, ufc of this mode 
of proof; ,where, he fhews that if the extremities of 
two lines coincide, thofc lints will coincide in all their 
parts, othenvife they would indole a fpace, which is 
ubfurd dr contrary to the loth axiom. Moil converfe 


propofition* are proved in tin's way, which mode of 
proof >’* called redutHo ad abfurdum, 

ABUNDANT Number, in Arithmetic, is a num¬ 
ber whofe aliquot parts, added ail together, make a 
furn which is greater than the number itfelf. Thus. 1 z 
is an abundant number, becaufe its aliquot parts, 
namely 1,2,3, 4> "'hen added together, make id, 
which is greater than the number 1 2 itfeif.- 

An abundant number is oppofed to a deficient one,’ 
which is lefsthun the futn of its aliquot parts taken to¬ 
gether, as the number 14, whofe aliquot parts 1, 7 , 7, 
make no move than 10 }■ and to a perfect number, which 
is exactly equal to the ftim.of all its aliquot parts, as 
the number fi, which is equal to the firm of 1, 3, 3, 
which arc its aliquot parts. 

ACADEMICIAN, a member of a fociety called 
an academy, inftituted for the promotion of arts, fai¬ 
ences, or natutal knowledge in general. 

ACADEMICS, an ancient fc& of philofopbers, 
who followed the do&rine of Sectstes and Plato, as to 
the uncertainty of knowledge, and the incompreheufi- 
bility of truth. 

Anuhmic, 211 this fenfe, amounts to much 1 he fame 
with Platonifl; the difference between them being only 
in point of time. Thole who embraced the fyftcm of 
Pluto, among the ancients, were called acetdrmici, aca¬ 
demician or academic ; whereas thofc who did the fame 
fir.ee the rciloratio.i of learning, have alTumed the de¬ 
nomination of Platonifts. 

We ufually reckon three fefla of academics ; though 
feme make live. The ancient academy was that of 
which Plato was the chief. 

Arccffilas, one of Plato’s fuccdTors, introducing 
fume alterations into the philofophy of this fed, found¬ 
ed what they call the fccond academy. 

The cftablifhment of the third, called alfo the new 
academy, is attributed to Lacydcs, or father to Car- 
n cades. 

Some authors add a fourth, founded hy Philo; and 
a’ fifth, hy Antiochus, called the Antiochan, which 
tempered the ancient academy with Stoicifm. 

The ancient academy doubted of every thing; and 
carried this principle fo far as to make it a doubt, whe¬ 
ther or no they ought to doubt. It was a kind pf a 
principle with them, never to be certain or faiis&ed of 
any thing; never to affirm or to deny any thing, either 
i.ir t' uc or fullc. 

The n«.w academy was fomewhat more rcafonahlc j 
they acknowledged fevcral things for truths, but-with¬ 
out attaching tlumfclves to any with entire afiiirance. 
Thei'e philufophers had found that the ordinary com¬ 
merce of life and foe-cty was inconfilltnt with the ab- 
folutc and univerfal duubtfuluifs of the ancient acade¬ 
my . and yet: it is evident that they looked upon things 
rather as probable, than as tine and.certain: by this 
amendment thinking to fecure themfelves from thofc 
abfurditics into which the ancieut academy had fal¬ 
len. 

ACADEMIST, the fame as Academician. 

ACADEMY, Academia, in Antiquity , a fine villa 
or pleafure houfe, in one of-the fubmbs of Athens, 
about a mile from the city ; where Plato, and the with 
men who fallowed him, held aifetablics for djfputcs 
C a and 
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and philosophical conference; which gave the name to 
the fett of Academics. 

The houi'e took its name, Academy , from one Acade- 
mus, or Ecademus, a citizen of Athens, to whom it 
originally belonged: he lived in the time of Thefeus; 
and here he ufed to have gymnaftic fports or cxercifes. 

The academy was farther improved by Ciinon, and 
adorned with fountains, trees, fliady walks, &c, for the 
convenience of the philofophcrs and men .of learning, 
who here met'to confer and difputc for their mutual 
improvement. It was furrounded with a wall by Hip¬ 
parchus, the fon of Fihftratus; and it was'alio ufed as 
the burying-place for illnftrious perfons, who had de¬ 
ferred well of the republic. 

It was here that Plato taught his philofophy; and 
hence it was that all public places, dettined lor.the af- 
femblies of the learned and ingenious, have been tince 
called Academies . , 

Sylla facrifieed the delicious walks and groves of the 
academy, which had been planted by Cimon, to the 
ravages of war; and employed tliofe very tiees in con- 
ftructing machines to batter the walls of the city which 
they had adorned. 

Cicero too had a villa, or country retirement, near 
Puzzuoli, which he called by the fame name, Acade¬ 
mia . Here he ufed to entertain his philofophical 
friends j and here it was that he compofed his Acade¬ 
mical Qucftions, and his books De Naturd Decrum . 

Academy, among the modems, denotes a regular 
focicty or company of learned perfons, instituted under 
the protection of fome prince, or other public autho¬ 
rity', for the cultivation and improvement of arts or 
feieners. 

Some authors confound Academy with University; 
but though much the fame in Latin, they are very dif¬ 
ferent things in Englilh. An univerfity is properly a 
body compofed of graduates in the fcvcral faculties; 
of profeffors, wlio teach in the public fchools; of re¬ 
gents or tutors, and ftudents who learn under them, 
and afpirc likewife tp degrees. Whereas an academy 
is not intended to teach, or proft-fs any art or fcicncc, 
but to improve it: it is not for novices to be inftrufted 
jn, but for thofe that are more knowing ; for perfons 
of learning to confer in, and communicate their lights 
and difeoveries to each other, for their mutual benefit 
and improvement. 

'The mrft modern academy we read of, was eftabliihed 
by Charlemagfic, by the advice of Alcuin, an Englilh 
monk : it was compofed of the chief gcaiufes of the 
court, the emperor himfelf being a member. In their 
academical conferences, every perfon was to give fome 
account of the ancient authors be had read ; and each 
one afiumed the name of fome ancient author, that 
pleafed him moft, or fome celebrated perfon of anti- 

S . Alcuin, from whofe letters we learn thefe par¬ 
rs, took that of Flaccus, the furname of Horace $ 
a young lord, named Augilbert, took that of Homer; 
Adelard, bilhop of Corbie, was called Auguilin ; Re- 
dufe, bilhop of Mcntz, was Dametas; and the king 
himfelf, David 

Since the' revival 6f learning in Europe, academies 
have muHiplied greatly, moil nations being furaiflted 
with feveral, aad from their communications the chief 


improvements have been made in the arts and fctcnces, 
and in cultivating natural knowledge. There are now 
academies for almoft every art, or fbecies of know¬ 
ledge ; but I fliall give a Ihort account only of thofe 
inditutionsof this kind, which regard the cultivation of 
fubjefts mathematical or pliilofophical, which are the 
proper and peculiar objetts of our undertaking. 

Italy abounds more in academies than all the world 
befides; there being enumerated by Jarckius.not lefa 
than five hundred and fifty in all; and even to the 
amount of twenty-five in Milan itfelf. Thefe are how¬ 
ever moftly of a private and inferior nature j the con- 
fequence of their too great number. 

The firft academy of a philofophical kin«P was efta- 
blifhed at Naples, in the houfe of Baptifta Porta, about 
the year 1566, under the name of Academy Srrretorum 
Naturee ; being formed for the improvement of natural 
and mathematical knowledge. This was fuccccdcd by 
the 

Academy of Lyncei t founded at Rome by prince 
Frederick Ccfi, \owards the end of the fame century. 
It was rendered famous by the notable difeoveries made 
by feveral of its members ; among whom c.is the cele¬ 
brated Galileo Galilei. 

Several other academies contributed alfo to the ad¬ 
vancement of the fcienccs; but it was by fpeculations 
rather than by repeated experiments on the phenomena 
of nature: fuch were the academy of Bcftatian at Rome, 
and that of Laurence de Medicis at Florence, in the 
15th century ; and in the 16th were that of Intiaimnati 
at Padua, of Vcgna Juoli at Rome, of Ortolani at 
Placentia, and of Uinidi at Florence. The firft of thefe 
ltudied fire and pyrotechnia, the fecond wine and vine¬ 
yards, the third pot-herbs aul gardens, the fourth 
water and hydraulics. To there may be added that of 
Venice, called La Veneta, and founded by Frederick 
Baduara, a noble Venetian ; another in the fame city, 
of which Camprgio, bilhop of Fclti o, appears to have 
been the chief; alfo tlrat ot Cofenza, or La Confcntina, 
of which Beruadin Telcfio, Sertorio Quatromanni, 
Paulus Aquinas, Julio Cavalcanti, and Fabio Cicali, 
celebrated philofophcrs, were the chief members. The 
competitions of all thefe academies, of the 16th cen¬ 
tury, were good in their kind ; "but none of them com¬ 
parable to thofe of the Lyncci. 

Academy del Cimento t that is, of Experiments, arofe 
at Florence, fome years after the death of Torricelli, 
namely in the year 16j 7, tinder the protection of prince 
Leopold of Tufcany, afterwards cardinal tic Medicis, 
and brother to the Grand Duke Ferdinand the Second. 
Galileo, Toricclli, Aggiunti, and Vivian; had prepared 
the way for it: and feme of its chief members were 
Paul del Buono, who in 16^7 invented the inllrument 
for trying the iucomprcflibihiy of water, nairielv a thick 
globular fliell of gold, having its cavity , filled with 
water; then the globe being comprtiTcd by a ftrong 
ferew, the water came through the pores of the gold 
rather than yield to the comprefiion: alfo, Alphonfus 
Borellt, well known for his ingenious treatife De Motu 
Animalium, and other works; Candide del Buono, 
brother of Paul; Alexander Marfili,. Vincent VivU 
ani, Francis Rhedi, and the tount Laurence 
Magalotti, fecretary of thin academy,, who pub- 
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lifted a volume of their curious experiments in 1667, 
under the title of Saggi di Naturali Efperiensu ; a 
cojiy of which being prcfcntcd to the Royal Society* 
it was tranilated into Lnglift by Mr. Waller, and pub¬ 
lished at London, in 4to, 1684: A curious collection 
of tracts, containing ingenious experiments on the 
preflure of the air, on the compremng of water, on. 
cold, heat, ice, magnets, ele&ricity, odours, the mo¬ 
tion of found, projectiles, light, &c, it c. Hut' we 
have heard little or nothing more of the academy fince 
that time. It may not he improper to obferve here, 
that the Grand Duke Ferdinand, above mentioned, 
was no mean ph-lofopher and chemiit, and that he 
invented thermometers, of which the conilruCtion and 
ufe may be fecit in the collection of the academy del 
Cimento. 

Academy degl* Inquuii at Bologna, incorporated 
afterwards into that della traccia in the fame city, fol¬ 
lowed the example of that del Cimento. The members 
met at the houfe of the abbot Antonio Sampieri; 
and here Gcminianu Montanari, qpe of the chief mem¬ 
bers, made excellent difeourfes on mathematical and 
phitofophical fubjcCts, fome parts of which were pub- 
lifted iu 1667, under {he title of Peniieri Fifico-Ma¬ 
thematic!. This academy afterwards met in an apart¬ 
ment of Euftachio Manfred!, and then in that of Jacob 
Sandri.; but it arrived at its chief luftre while its aflem- 
blics were held in the palace Marfilli. 

Academy of Rojfatw, in the kingdom of Naples, 
called La Societa Scimtifica Roffantfe degl' Jncttriofi , 
was founded ahout the year > 540, under the name of 
Naviganli ; and was renewed under that of Spenfierati 
by Camillo Tufcano, about the year 1600. it was 
then an academy of belles-lettres, but was afterwards 
transformed into an academy of fciences, on the foli- 
citation of the learned abbot Don Giacinto Gimma; 
who, being made prefident under the title of promoter- 
general, in 1695, gave it a new fet of regulations. He 
divided the academics into feveral clafles, namely, gram¬ 
marians, rhetoricians, poets, liiilorians, philosophers, 
phyiicians, matliematicians, lawyers, and divines ; with 
a fepaiatc clafs for cardinals and perfons of quality. To 
be admitted a member, it was neceffary that the can¬ 
didate have degrees in fome faculty. Members, in the 
beginning of their books, are not allowed to take the 
title of acadmifl without a written permiflion from the 
prefident, which is not granted till the work has been 
examined by the cenfors of the academy. This per¬ 
miflion is the higheft honour the academy can confer; 
fince they hereby, as it were, adopt the work, and en- 

f nge to anfwer for it againft any criticifms that may 
e made upon it. The prefident himfelf is not exempt 
from this law: and it is not permitted that any acade- 
mift publift any thing again/t the writings of another, 
without leave obtained from the fociety. 

There have been feveral other aeridemies of fciences 
in Italy, but which have not fubfifled long, for want 
of being fupported by the princes. Such were at 
Naples that of the Inve/liganti, founded about the year 
1679, by the -marquis d* Aiyna, Don Andrea Concu- 
bletto; and that which, about the year 1698, met in 
the palace of Don Lewis della Cerda, the duke de 
Medina, and viceroy of Naples: at Rome, that of 
Fj/iee-Matematid, which in' 1686 met in the houfe of 


Signior Ciampini: at Verona, that of Alelafili, found¬ 
ed the fame year by Signior Jofeph Gazola, arid which 
met in the houfe of the count Serenghi della Cucca: 
at Brcfcia, that of Filefotid, founded the fame year 
for the cultivation of philofophy and mathematics, andt 
terminated the year following: that of F. Francifco 
Lana, a jefuit of great /kill in thefe fciences : and laftly 
that of Fifico-Cntici at Sienna, founded in 1691, by 
Signior Peter Maria Gabrieli!. 

Some other academies, ftill fubflfting in Italy,-repair 
with advantage the lofs of the former. One of the 
principal is the academy of Filarmonici at Verona, fup- 

f iorted by the tnarqnis Scipio Maffei, one of the moil 
earned men in Italy; the members of which acade¬ 
my, though they cultivate the belles lettres, do not 
’ neglcrt. the fciences. The academy of Ricovrati at 
Padua ftill fubfifts with reputation ; in which, from 
time to time, learned difeourfes are held on philofophi- 
cal fubjedb. The like may be faid of the academy of the 
Mutt di Reggio, at Modena. At Bologna is au academy 
of fciences, in a ftourifting condition, known by the 
name of The Injliiute of Bologna; which was founded 
in 1712 by count Marfigli, for cultivating phyiics, 
mathematics, medicine, clieiniftrv, and natural luilory. 
The hillory of it is written by M. de Laniers, from 
memoirs furniihed by the founder himfelf. Aino.ng the 
new.academies, the firit place, after the Inftitute of 
Bologna, is given to that of the Countefs Donna 
Clelio Grillo Boromeo, one of the moll learned ladies 
of the age, to whom Signior Gimma dedicates his 
literary hiftory of Italy. She had lately eftabli/hed an 
academy of experimental philofophy in her palace at 
Milan; of which Signior -Vallifnieri was nominated 
prefident, and had already drawn up the regulations for 
it, though we do not find it has yet taken puce. In the 
number of thefe ac.xleroies may alfo be ranked the af- 
fembly of the learned, who of late years met at Venice 
in the houfe of Signior Criflino Martinelli, a noble 
Venetian, and a great patron of learning. 

Acadf.mia Cofmografica , or that of the Argonauts, 
was inftituted at Venice, at the initancc of F. Coro- 
nelli, for the improvement of geography; the deiign 
being to procure exart maps, geographical, topogra¬ 
phical, hydrographical, and ichnogiaphical, of the 
celdlial as well as terrcftrial globe, and their feveral 
regions or parts, together with geographical, hillorical, 
and u/lrononu'cal deferiptions accommodated to them 1 
to promote which purpufes, the feveral members oblige 
themfelvcs, by their fubfeription, to take one copy or 
more of each piece publifted under the dirc&ion of 
the academy ; and to advance the money, or part of 
it, to defray the charge of publication. To tnis end 
there are three focieties fettled, namely at Venice, 
Fan's, and Rome; the iirft under F. More, provincial 
of the Minorites of Hungary; the fecond under the 
abbot Laurence au Rue Paycnnc au Marais ; the third 
under F. Ant. Baldigiani, jefuit, profdfor of mathema¬ 
tics in the Roman college; to whom thofe addrefs 
themfclves who are willing to engage in this deiign. The 
Argonauts number near 200 members in the different 
countries of Europe; and their device is the terraqueous 
globe, with the motto Plus ultra. All the globes, maps, 
and geographical; writings of F. Coronclli have been 
publifted at the expend- of this academy. 

2 The 
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Th* AcAOltf.tY rf yfpatifh, or Impartial Academy, 
deferves tube mentioned on account of the extent of its 
' Ian, including uitiverfally all .arts and fcicnees. It 
olds from time to time public meetings at Florence, 
where any perfon, whether acadcmift or not, may read 
his works, in whatever form, lnnguage, or fubjeft j the 
academy receiving all,with the great eil impartiality. 

In 1 Vance there me tr.any acedrmicR for the im- 

f ivovement of. arts end fcienccft. F. Merfonue, it is 
aid, gave the liril idea of a philofopbical academy in 
France, about the beginning of the fcvcnteer.th century, 
by the conferences of mathematicians and nannnlifts, 
held occnfionnl'y at his Jodg'Xg*; at which Dee Cartes, * 
Gaflendus, Hobbes, ltobcrval, Pafcal, Blonde!, and 
others, affilted. F. Merfennc propofed to each of them 
certain problems to examine, or certain experiments to* 
be made. Theft private aifimblicw were fucceedcd by 
more public ones, formed by M. Mor.mort, and M.Tiie- 
venot, the celebrated traveller. The French example 
animated fevn.il Englifhmen of rank and learning to 
eredl a kind of philofopbical academy at Oxford, to. 
wards the dole of Cromwell’s adminillration \ which 
after the rcflotation was ereeled, by public authority, 
into a Royal Society: an account of which fee un¬ 
der the word. The l'nglifh example, in its turn, 
animated the French. In 1666 Louis XIV, a fit fled by 
the cbunfels of M. Colbert, founded an academy of 
tiiicuces at Paris, called the 

Academik Rcy ale ties Sciences, or Royal Slcadcmy of 
Sciences, for the improvement of philofophy, mathe¬ 
matics. chemiflry, medicine, belles-lettres, &c. Among' 
the principal members, at the commencement in l6f>6, 
were the rcfpeftabk names of Carcavi, Huygens, Ro 
berval, Frcniclc, Auzout, Picard, Buot, Du Hamel 
the Secretary, and Maiioftc. There was a perfect 
equality among ail the members, and many of them re¬ 
ceived Hilaries fiom the king, as at patent. By the 
rules of the academy, every clafs was to meet twice a 
week; the philofophtrs and geometricians were to 
meet, feparatcly, every Wed riel day, and then both to¬ 
gether on the Saturday, in a room of the king’slibrary, 
where live philofopbical a.nd mathematical books were 
kept: the hiftory clafs was to meet on the Monday 
and Thurfday trt the room of the hiftorica! books: and 
the clafs of belles-lettres on the Tucfday and Friday : 
and on the full Thurfday ef every month all the claffcs 
met together, and by their fieri taries made a mutual 
report of what had been trania&eii by each clafs during 
the preceding month. 

In 1699, on the application of the prefidint, the 
abl* Bigaoa, the academy received, under royal autho¬ 
rity and protection, a new form and conftkution; by 
the articles of which, the academy was to ronnfl of four 
forts of members, namely honorary, penfioi ary, ado. 
eiates, and eleves. The honorary cLif. to cenfift of ten 
per Cons, and the other three claffes of twenty perfons 
each. The prcfideiU to be chofen annually cut of the 
honorary clafs, and the fecretnry and trraibrer to be 
perpetual, and of the petitionary clafs. The meetings 
to he t^ptfee a week, -on ths Wcdmdday and Saturday; 
betides two puUic meetings in the year. 

Of the penfiunatitw, or tbofe who receive Hilaries, 
thpee to be geometricians, three iiflrononie:*, three mc- 
chanifti, three anauxniila, th:ec bolanilL, and three 
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chcmiila, tits other two being the feerctary and trea- 
furtr. Of the twenty affoeincs, of which twelve to he 
French, and eight might be foreigners, two were to 
cultivate‘geometry, two aftioncmy, two mechanics, 
two anatomy, two botany, and two chemiflry. Of the 
twenty eleven, one to be. attached to each penfionnry, 
nr.d >o cultivate hir. peculiar branch of Lienee. The 
perform: La and their clcves to rciide at Patia, No re- 
gulu f' nor religious to be admitted, except into the 
honoraty clafs: nor any perfon to he admitted a peti¬ 
tioner who was not known by fume conudetable work, 
or feme 1 ('markable difeovery. 

* In 1 71 ft the Duke of Orleans, then regent of France, 
by the king’s authority made fomc alteration in their 
coiilLitutfun. The daft of clevis was fun pic (Ted ; and 
inticiid of them were inftituted twelve adjuncts, two to 
each of the fix claffes of pen tinners. The honorary 
members were increafed to tvvifve: raid a clufi. of fix 
free a? r O"iaies wan'mrdc, who were r.ot under the oMI- 
gation of cultivating any particular hram h cf feieuce, 
and in this clafs only could the regulars or religious be 
admitted. A prcfractit and vice-preudent to be ap¬ 
pointed annually from the honoraty ck.U, and a di¬ 
rector and fuh-di, cdlor annually from that of the prn- 
fiouers. And no nerfon to he allowed to make uie of 
his quality of academician, in the title of any of his 
books that he puhlifhed, uiilefa fuch book wete liril ap¬ 
proved h) the academy. 

The academy has for a device or motto, Invtnil isl 
pfrjicit. And the meetings, which were formerly held 
in the king’s library, have finer the year 1699 been 
held in a fine hall of the old Louvre. 

Finally, in the year 17K 5 the king confirmed, by 
letters patent, dated April 23, the efljblifhmi tit of the 
academy of fcicnccs, making the following alterations, 
and adding dalfi.fi of agriculture, natural hiftory, Mine¬ 
ralogy, and phyfics; incorporating the alfociatts and 
adjun&h, and limiting to fix the members of rath clafr, 
namely three petitioners and three affodates; by which 
the former receive an inctcafc of falary, and the latter 
approach nearer to becoming petitioners. 

By the articles of this instrument it is ordained, that 
the academy (hall contifl of eight claffes, namely, that 
of geometry, jd aflrouoray, 3d nnchtnnn, 4th ge¬ 
neral pliyfu’E, 5th anatomy, 6tli ehcmillry and metal¬ 
lurgy, yth botany and agriculture, and fth natural hif¬ 
tory and mineralogy. 'Flint each clafs tit all mn.iiu 
'irrevocably fixed at fix members; namely, three.pm- 
fioners and three affoc kites, independent however of a 
perpetual tVcretary and treafiircr, ot twelve free-affo- 
ciatec and of eight affociate ft ranger* or foreigners, the 
fame as before, except that the adjunfl-geographer for 
the future be called the affociate-g^ographer. 

The claffes at firft to be filled by the following 

S erums, namely, that of geometry by Meffieurs de 
lord a, Jeaurat, ^Vandermonde, as pen (loners ; and 
Meffieurs Couftn, Meufnier, and Chxiles, as affo- 
ciatest that of aftronomy by Meffieurs le Monnier, 
dc la La tide, and ie Geittil, as penfioners 5 and Mef¬ 
fieurs Mefficr, dc Cafiini, and Dagrlat, as affociates: 
that of mechanicft by Mbfiicurs l’abbe Boffut, l’abbc 
Rochon, and dc la Place, as petitioners j and Meffieurs 
Coulomb, le Cendre, and Pettier, as affociates 1 that 
of general phytic* by Meffieurs Lsroy,. JJriffoh, aiyti 

Bailly, 
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Balfly, as penfioners i and Mcflieurs Monge, Mcchain, 
and Cuatrenjere, as afltioiatcs : that of anatomy by 
Mcflieurs 'Daubluton, Tenon, and Portal, as pen- 
fioners; and Meflieurs Sabatier, Vicq-dVzir, and 
BroufTonet, as aflbciatCB: that of ch&nillry and metal* 
lurgy by Meflieurs Cadet, La voider, and Beanme, as 
peniioners; and Mcflieurs Cornctte, Bertholet, and 
FnurcroV, as aflociates: that of botany aud agri¬ 
culture t>y Mtflicurs Guettard, Fougerottx, and A- 
danfon, as peniioners; and Meflieurs de Juflicu, dc la 
Marck, and DesfontaineB, as afibciates: and that of 
natural liiflory and mineralogy by Meflieurs Defrnaretz, 
*Saye, and l’abbe de Gua, as peniioners; and Meflieurs 
.Darcct, 1 'abbe Ilaui, and l’abbe Teflier, as' afibciates. 
A 11 names re fpedtablc in the common-wealth of letters ; 
and from whom the world might expert ftill farther 
improvements in the feveral branches of fcience. 

The late M. Rouille de Meilay, counfellor of the 
pailiament of Paris, founded two prizes, the one of 
2500 livres, the other of 2000 livres, which the aca¬ 
demy diftributed alicrnately every year : the fubjec.ts of 
the’former prize rcl'peding phyiicai allronomy, and of 
the latter, navigation asd commerce. 

The world if, highly indebted to this academy for the 
many valuable works they lito’c executed, or publiihed, 
both individually and as a bftdy collectively, efpecialty 
by their memoirs, making upwards of a hundred 
volumes in 4to, with the machines, indexes, &c. in 
which may be found moil excellent compofitions tP 
every branch of fcience. They publish a volume (If 
thefe memoirs every year, with the hiflory of the aca¬ 
demy, and doges of remarkable men lately dcccafcd: 
alfo a general index to the volumes every ten years. 
An alteration was introduced into the volume for 17S3, 
which it ftems is to be continued in future, by omit¬ 
ting, in the hiflory, the minutes or extracts from the 
regifters, containing fome preliminary accouht of the 
iubjects of the memoires; but ftill however retaining 
the eloges of diftinguiflied men, lately dcccafcd. 

M. Pal.be Rozicr alfo has publiihed in four 4to 
volumes, an excellent index of the contents of all the 
Volumes, and the writings of all the members, from the 
beginning of their publications to the year 1770 ; with 
convenient blank {paces for continuing the articles in 
writing. 

Their hiflory alfo, to the year 1697, was written by 
M. l)tt Hamel; and after that time continued from 
venr to year by M. Fontenelle, under the following titles, 
l)u Hamel Hillorite Rcgiae Aradcmi:e Sclentiarum, 
Paris, 4to. Hittoire de PAcademie Royale des Sci¬ 
ences, avec let Memoiros de Mathematique k dc Phy- 
flque, tirez des Regiflres de PAcademie, Paris, 4to. 
Hiftoirc dc PAcademie Royale des Sciences depuis fon 
etabliflemcnten 1666, iuftju’en 1699, cn 13 tomes, 4to. 
A new hiflory, from tne inftitution of the academy, to 
the period from whence M. de Fontenelle commences, 
has been formed; with a feries of the works publiihed 
under the name of this academy, during the firft 
interval. 

Since the foregoing account was written, it is faid the 
Academy has been fupprefled and abolifhed, by the pre- 
fent convention of France. 

Befidcs the academies in the capital, there are a 
great many in other parts of France. The 
Academik Royale, at Caen, was cflabliflicd by letters 


patent in the year 1705 } but it had its rife fifty yaars 
earlier in private conferences, held firft in the houfe of 
M. dc Brieux. M. de Scgrsia retiring to this city, to 
fpend the reft of his days, reflored and gave new luftre 
to their meetings. In 1707 M. Foucault, intendant of 
the generality of Caen, procured the king’s letters 
patent for evening them into a perpetual academy, of 
which M. Foucault waB to be prote&or for the time, 
and the choice afterwards left to the members, the 
number of whom was fixed to thirty, chofen for this 
time by M. Foucault. But beftdes the thirty original 
members, leave'was given to add fix fupernumerary mem¬ 
bers, from the ecctelialtica! communities in that city. 

At Tonloufe is the Academic des jeuxflcraiix, com- 
pofed uf forty perfons, the olddl of the kingdom: be- 
iidcs an academy of fcicnces and belles-lettres, founded 
in 17)0. • , 

At Montpelier is the royal fociety of fciences, which 
fince 1708 makes but one body with the royal academy 
of fciences at Paris. 

There are alfo other academies at Bourdeaux, found¬ 
ed in 1703, at Soiflbns in 1674, at Mtnfcilles in 1726, 
at Lyons in 1700, at Pau in Beam in 1721, at Mont- 
auban in 1744, at Angers in 1685, at Amiens in 1750, 
at Villcfranche in 1679, at Dijon in 174c, at Nimes in 
1682, at Bcfan^on in 17)2, at Chalons in 1775, at 
Rochelle in 1734, at Beziers in 1723, at Rouen in 
1744, at Metz in 1760, at Arras in 1773, fee. 
The number of thefe academics is continually aug¬ 
menting ; and even in fuch towns as have no academies, 
the literati form themfelves into literary focieties, hav¬ 
ing nearly the fame objefls and ptirfuita. 

In Germany and other parts of Europe, there are 
various academies of fciences, &c. The 

AcADKMtE Royale des Sciences Ejf des Belles-Lcllres of 
Pruflia, was founded at Berlin, in the year 1700, by 
Frederic L king of Pruflia, of which the famous 
M. Leibnitz was the firft prefident, and its great pro¬ 
moter. The academy received a new form, and a new 
fet of ftatutes in 1710; by which it was ordained, that 
the prefident fhall be one of the counfcllors of ttate ; and 
that the members be divided into four eludes ; the firft 
to cultivate pbyhes, medicine, and chemiftry; the 
fecond, mathematics, aftronomy, and mechanics; the 
third, the German language, and the hiftory of the 
country ; and the fourth, Oriental learning, particularly 
as it may concern tire propagation of the golpel among 
infidels. '£hat each dais elect a director for them¬ 
felves, who (hall hold his poll for life. That they meet 
in the caftle called the New Marlhal, the dalles to meet 
in their turns, one each week. And that the members 
of any of the dalles have free accefs into the aflemblies 
of the reft. Several volumes of their tranfa&ions have 
been publiihed in Latin, from time to time, under t£e 
title of Mifcdlanea Beroiincnfia. 

In 1743 the htte famous Frederic II. king of Pruflia, 
made great alterations and improvements in the aca¬ 
demy. lnftead of a great lord or miniiter of ftate, 
who had ufually prefided over the academy, he wifely 
judged that office would be better filled by a man of 
lcpere 5 and he honoured the French academy of 
fciences by fixing upon one of its members for a j»ve- 
fident, namely M. Maupertuis, a diftinguilhed character 
in the literary world, and whofe conduit in improving 
the academy was a proof of the found judgment of the 
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king, who at the fame time ma4e new regulations for 
the academy, and took the title of its Protestor. 
From that ttme the tranfa&ions of the academy have 
been publifhedi under the title of Hiiloirede 1’Academic 
Royale dea Sciences et Belles Lcittes a Berlin, much 
in the manner of tholfe of the. French academy of fci¬ 
ences, and in the French language ; and the volumes 
arc now commonly publifhed annually. Bclidcs the or¬ 
dinary private meetings of the academy, it has two' 

f mblic ones in the year, in Januaiy and May, at the 
attcr of which is given a prize gold medal, of the value 
of jo ducats, or about. 20 guineas. The fubject of the 
prize is fucccHivcly phyfics, mathematics, metaphyfics, 
and general literature. For the academy has this pe¬ 
culiar circutnftaftcc, that it embraces alfo metaphyfics, 
logic, and morality; having one clafs particularly ap¬ 
propriated to thefe objefts, called the clafs of Specu¬ 
lative Philofophy. 

Imperial Academy of Pelajluryh. This academy 
■was projefted by the Czar Peter I, commonly called 
Peter the Great, who in fo many other instances alfo 
was infirumental in raifing Rufiia from the ilatc of bar¬ 
barity in which it had been imtnerged for fo many ages. 
Having vifited France in 1717, and among other things 
informed himfelf of the advantages of an academy of 
arts and fcicnccs, he refolvtd to cilahlifh one in his new 
capital, whither he had drawn by noble encouragements 
fevcral learned ft rangers, and made othtr prepat ations, 
when his death prevented him from fully accomplishing 
that objeft, in the beginning of the year 1725. Thole 
preparations and intentions however were carried mto 
execution the fame year, by the tftablifhment of the 
academy, by his confort the czarina Catherine, who 
fucceeded him. And foon after the academy compofed 
the firft volume of their works, publifhed in 1728, 
under the title of Commentarii Academia: Scientiaram 
Impcrialis Petropolitanx ; which they continued almoft 
annually till 1746, the whole amounting to 14 volumes, 
which were published in Latin, and the fubje&s divided 
and clafied under the following heads, namely mathe¬ 
matics, phyTics, hiftory, and aftronomy. Their device 
at tree bearing fruit not ripe, with the modeft motto 
paullatim. 

Moft part of the ft rangers who compofed this aca¬ 
demy being dead, or having retired, it was rather in a 
languifhing ftate at the beginning of the reign of the 
emprefs Elizabeth, when the count Rafomowiki was 
happily appointed prefident, who was inftrumcutal in 
recovering its vigour and labours. This ftnpiefs re¬ 
newed and altered i'.r> conftiturion, by letters patent 
dated July 24, 1747, giving it a new form and regu¬ 
lations. It confifts of two chief patts, an academy, and 
a univerfity, having regular profeffors in the feveral fa¬ 
culties, who read le&ures as in our collcgts. The or¬ 
dinary aflcmblies are held twice a week, and public or 
folentn ones thrice in the year; in which an account is 
given of what has been done in the private ones. The 
academy has a noble building for their meetings, &c, 
with a good apparatus of inftruments, a fine library, 
obfervatory, &c. Their firft volume, after this reno¬ 
vation, was publifhed for the years 1747 and 1748, sad 
they have been fmcc continued from year to year, iXr 
to the amount of near thirty volumes, under the title of 
Novi Commentarii Academix Sciuitiarum Impcrialis. 


Petropolitanx. They are .printed in the Latin lan¬ 
guage, and contain many excellent compofitions in aU 
the fciences, efpecially the mathematical papers of the 
late excellent M. L. Euler, which always made a con- 
fiderable portion of every volume. The fubje&s are 
clafted under heads in the following order, mathematics, 
phyfico-inathcmatics, phyfics, which include botany, 
anatomy, &c, and allronomy }-the whole prefaced by 
hiftorical extracts, or minutes, relating to each paper 
or memoir; after the manner of the volumes of the 
French academy ; but wanting however the cloges of 
dcccafcd eminent men. Their device is a heap of ripe 
fruits piled on a table, with the motto En additfrutlus 
elate rccentcs. 

Imperial and Raya/ Academy of Sciences and Belles 
JLettrcs, at liruffcls. This academy was founded in the 
year 1773; and feveral volumes of their memoirs have 
been publifhed. 

Royal Academ Y of Sciences, at Stockholm, was in- 
ftituted in 17 39, and fince that time it has publilhcd 
about fixty volumes of traufadtion:-, quarterly, in 8vo, 
in the Swcdifh language. 

For an account of the Royal Society of London, 
and fevcral other fimilar inftitutions, lee the winds 
Journal, Society, &c. 

American Academy of .Arts and Sciences , was ef- 
tablifhcd in 1780 by the council and houfe of repre- 
fentatives in the province of Maflachufct’s Bay, for 
Igjpnoting the knowledge of the antiquities of Arne¬ 
tt, and of the natural hiftory of the country'; for de¬ 
termining the ufes to which its various natural produc¬ 
tions may be applied; for encouraging medicinal 
difeoveries, mathematical difquifitions, philofophical 
enquiries and experiments, aftronomical, meteorolo¬ 
gical, "and geographical obfervations, and improve¬ 
ments in agriculture, manufactures, and commerce; 
and, in (hort, for cultivating every art and fcience, 
which may tend to' advance the intrreft, honour, dig¬ 
nity, and happinefs, of a free, independent, and vir¬ 
tuous people. The members of this academy are never 
to be lefs than forty, nor more than two hundred. 

Academy is alfo ufed among us for a kind of col-, 
legiate fchool, or feminary ; where youth are inftru&cd 
in the liberal aits and fciences in a private way : now 
indeed it is ufed for all kinds of fclicols. 

Frederic 1 , king of Prufiia, eltablifhed an academy 
at Berlin in 1703, for educating the young nobility of 
the court, fuitabk- to their extraction. The cxpeuce 
of the fludents was very moderate, the king having 
undertaken to pay the extraordinaries. This illut- 
trioiis fchool, which was then called the academy of 
princes, has now loft much of its firft fplcndour. 

The Romans had a kind of military academics ef- 
tabliihed in all the cities of Italy, under the name of 
Campi Martis. Here the youth were admitted to be 
trained for war at the public expence. And the 
Greeks, befides academies of this kind, had military 
profeftors, called Taffici, who taught all the higher 
offices of war, &c. 

We have two royal academies of this kind in Eng¬ 
land, the expences of which are defrayed by the go¬ 
vernment ; the one at Woolwich, for tne artillery and 
military engineers $ and the other at Portfmouth, for 
the navy. The former was cftabliftied by his late 
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majeftykmgGeorge If* by warrants dated A pril the joth 
and November the 18th, 1741, for inftru&ing perfons 
belonging to the military part of the ordnance, in the 
feveraT brandies of mathematics, fortification, &c, 
proper to qualify them for the fcrvicc of artillery 
and the office of engineers. This inftitution is under 
the direction of tnc raaftcr-gencral and board of 
ordnance for the time being: and at firft the lectures 
of the mafters in the academy were attended by the 
prailitioner-engincers, with theofficets, ftrjeants, cor¬ 
porals, and private men of the artillery, befides the 
cadets. At preient however none arc educated there 
but the gentlemen cadets, to the number of 90 or 100, 
where they receive an education perhaps not to be ob¬ 
tained or purchafed for money in any part of the 
world. The matter-general of the ordnance is always 
captain of the cadets’ company, and governor of the 
academy; under him are a lieutenant-governor, and an 
infpeCtor of ftudies. The mailers have been gradually 
increafcd, from two or three at firit, now to the number 
of twelve, namely, a profeflbr of mathematics, and two 
other mathematical mafters, a profeflbr of fortification, 
and an affiftant, two, drawing mailers,^ two French 
mafters, with mafters for fencing, dancing, and che- 
miftry. This inftitution is of the greateft confcqucnce 
to the Hate, and it is hardly credible that fo important 
an objedl fhould he accomplilhed at fo trifling an ex- 
pcncc. It is to be lamented however that the academy 
is fixed in fo unhealthy a fituation; that the lettuce 
rooms and cadets' barracks arc fo fmall as to he inmf- 
iicicnt for the purpofes of the inftitution ; and that the 
falarics of jlie profeflbrs and mafters fhould be fo in¬ 
adequate to their labours, and the benefit of their 
Unices. 

The Royal Naval Academy at Fortfmnuth was 
founded by George I, in 1722, for inftrutting young 
gentlemen in the fcienccs ufeful for navigation, to 
breed officers for the royal navy. The eflabliftimcnt 
is under the direction of the board of admiralty, who 
give falaries to two mailers, by one of whom the ilu- 
dents are boarded and lodged, the expencc of which 
is dcfiaved by their own friends, nothing being fup- 
plied by the government but their education. 

ACANTHUS, in ArchitcfUire , the leaves of a plant 
which fin ms the ornament of the capital of the Co¬ 
rinthian order. Viti ut ius aferibes the tde of it to the 
following accident. A young girl dying, her mirfe 
was deft roils of confecratiug to her manes certain toys 
which fhe was fond of in her life-time j which the 
good woman carried in a little baiket, covered with a 
fquare tile, and placed it among fume green plants 
which grew on her grave. One of thefe, which hap¬ 
pened to be the acanthus, aB it gnjw up, invironed and 
in a manner embraced the haflcct 5 which Callimachus, 
a noted Greek fculptor, calling" his eyes upon, ftom 
thence took the hint of this elegant ornament. See 
Abacus. 

ACCELERATED Motion, is that which receives 
frelh acceffiona of velocity ; and the acceleration may he 
cither equably or uncquably: if the acccfiions of ve¬ 
locity be always equal in equal limes, the motion is 
fa id to be equably or uniformly accelerated; but if the 
Vol. I. 


acceffiona, in equal times, either uicreafe or deereafe, 
then the motion is uncquably or variably accelerated. 

Acceleration is directly oppofitc to retardation, 
which denotes a diminution of velocity. 

Accklk ration comes chiefly under confideration 
in phyfics, in the defeent of heavy bodies, tending or 
falling towards rhe centre of the earth, by 1 the force of 
gravity. 

That bodies are accelerated in their natural defeent, 
is evident both to the fight, aud from obfervtOg that 
the greater height they fill! from, the greater force they 
ftrike with, and the deeper impreffions they' make in 
foft fuhftanccs. 

The acceleration of falling bodies has been aferibed 
to various caufe?, by different philofophers. Some 
have attributed it to the prefltire of the air down¬ 
wards : the more a body defeends, the longer and 
heavier, fay they, muft be the column of atmofpherc 
incumbent npon.it; to which they add, that the whole 
mafs of fluid pit fling by an infinity of right-lines all 
ultimately meeting in the earth’s centre, fuch central 
point mull fupport, as it were, the prefli’re of the 
whole mafs; and that confcqucntly the nearer body 
approaches to it. the mure muft it receive%f the 
preflure of a multitude of hues tending to unite in 
the central point. 

Mr. Hobbes endeavours to account for this accele¬ 
ration from a new impreflion of the caufe which makes 
bodies fall; in which he is fo far right. But then he 
as far millakes, as to the caufe of the fall, which he 
thinks is the air: at the fame time, fays he, that one 
particle of air afcetuls, another defeends; for in con- 
fequcnce of the earth’s motion being two-fold, that is 
circular and progre^lnv, the air muft at once both 
afeend aud circulate ; whence it follows, tldlt a body 
falling in this medium, and receiving a new preflure 
every inllant, muft have its motion accelerated. 

But to both thefe fvftcms it may be anfwered, that 
the aii is quite out of the ijueftioii; for it is very evi¬ 
dent that bodies fall, and in falling have their motion 
accelerated, in vacuo, as in open air, and even more 
than in the air, in as much as this oppofes and fomc- 
what retard^their fall. 

The Gaffendifts affign another reafon for the acce¬ 
leration : they pretend that there arc continually ifljl- 
ing out of the earth certain attractive corpufcks, di¬ 
rtied in an infinite number of rays; thofe, fay they, 
afeend and then defeend, in fuch fort that the nearer a 
body approaches to the catth’s centre, the more jpf 
thefe attractive rays prefs upon it, in confequcnce of 
which its motion becomes more accelerated. 

The peripatetics endeavour to explain the matter 
thus-: the motion of heavy bodies downward, arifes, 
fay they’, out of an intriufic principle that caufes a 
tendency in them to the centre, as the place appro¬ 
priated to their element; where, when they can once 
arrive,, they will be at perfect reft ; and therefore, con¬ 
tinue they, the nearer bodies approach to it, the more 
the velocity of their motion is incrcafed : a notion too 
idle td merit confutation. 

The Cartefians account for acceleration, by reiter¬ 
ated impulfcs of their materia fubt\lij, ailing continually 
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Oft falling bodies, and propelling them downwards: a 
conceit equally unintelligible and abfuid with the 
former. 

But, leaving all fuch vifionary caufcs of acceleration, 
and only admitting the exiilence of fuch a force as gra¬ 
vity, fo evidently inherent in all bodies, without regard 
to what may be the caufe of it, the whole myftery of 
acceleration will be cleared up, Confider gravity then, 
with Galileo, only as a caufe or force which a its con¬ 
tinually on heavy bodies; and it will be eafy to con¬ 
ceive that the principle of gravitation, which deter¬ 
mines bodies to defeend, nuilt by a neceflary confe- 
qucnce accelerate them in falling. 

A body then having once begun to defeend, through 
the impulfe of gravity ; the (late of difeending is now, 
by Newton’s fiifl law of nature, become as it were na¬ 
tural to it; inl’omueh that, vveie it left to iil'df, it 
would for ever continue to defeend, even though the 
firft caufe of its defeent fliould ceafe. But bdides this 
determination to defeend, impreffed upon it by the firft 
caufe of motion, which would be fi.ilieicnt to continue 
to infinity the degree of motion already begun, new 
impulfcs are continually fuperaddtd by the fame caufe; 
which continues to ad upon the body already in mo¬ 
tion, in the fame manner as if it had remained at tell. 
There being then two caufcs of motion, ailing both in 
the fame dire&ion ; it necellarily follows, that the mo¬ 
tion which they unitedly produce, mud be more con- 
lidurable than what cither could produce fcpuratcly. 
And as long as the velocity is thus continued, the fame 
caufe itill fubfilling to increafe it more, the defeent 
mud of ncccifity be continually accelerated. 

Suppofing tlien that gravity, from whatever prin¬ 
ciple it atiles, acts uniformly upon all bodies at the 
fame diflance from the centre of the earth: dividing 
the time which the heavy body takes up in falling to 
the earth, into indefinitely fmall equal parts; gravity 
will impel the body toward the centre of the earth, in 
Jhe firft indefinitely fhort iidlant of the defeent. If 
after this we fuppofe the adion of gravity to ceafe, the 
body will continue perpetually to advance uniformly 
toward the earth’s centre, with an indefinitely fmall 
velocity, equal to that whic h l efulted from the fit it 
impulfe. 

But then it we fuppofe that the action of gravity 
dill continues the fame after the firil impulfe; in the 
fecond aidant, the body will receive a new impulfe tofc* 
vvatd the eaith, equal to that which it received in the 
firft influnt ; and confcquently its velocity will be 
doubled ; in the third inllant, it will be tripled ; in the 
fourth, quadrupled ; in the fifth, quintupled; and fo 
on continually : for the impulfe made in any preceding 
indant, is no .ways altered by that which is made in the 
following one; but they are, on the contrary, always 
accumulated on each other. 

So that the indants of time being ftippofed inde¬ 
finitely fmall, and all equal, the velocity acquired by 
the falling body, will be, in every indant, proportional 
to the times from the beginning of the defeent; and 
confcquently the velocity will be proportional to the 
time in which it is produced. So that if a body, by 
$his Cendant force, acquire a velocity of 1 6 f l c feet fup¬ 
pofe in one fecond of time; it will acquire a velocity 
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of 32# feet in two feconds, 48} feet in £ feconds, 
64i in 4 feconds, and fo on. Nor ought it to feem 
ft range that all bodies, finall or large, acquire, by the 
force of gravity, the fame velocity in the fame 
time. For every equal particle of matter being endued 
with an equal impelling force, namely its gravity or 
weight, the fum of all the forces, in any compound 
mgfs of matter, will be proportional to the fum of all 
the weights, or quantities of matter, to be moved ; con- 
fequentfy, the forces and malTcs moved', being thus con- 
dautly increafed in the fame proportion, the velocities 
generated w ill be the fame in all bodies, great or fmall. 
That is, a double force moves a double mafs of matter, 
.with the fame velocity that the Angle force moves the 
fingle mafs; and fo on. Or otherwife, the whole com¬ 
pound mafs falls all together with the fame velocity, 
and in the fame manner, as if its particles were not 
united, but as if each fcll.by itfelf, feparated all from one 
another. And thus all being let go at once, they would 
fall together, juft as if they were united into one mafs. 

The foregoing law of the defeent of falling bodies, 
namely that the velocities aie always proportional to 
the times of defeent, as well as the following laws con¬ 
cerning the fpaces palled over. See, were firft difeovend 
and taught by the great Galileo, and that nearly in the 
follow mg manner. 

Becaufc the conllant velocity with which any body 
moves, or the fpaee it palfes over in a given time, as 
fuppofe one fecond, being multiplied by the time, or 
number of feconds it is in motion, exprdfes the fpaee 
parted over in that time ; and the area or fpaee of a 
redlangular figure being denoted by the length mul¬ 
tiplied by the breadth ; therefore the fpaee fo run over, 
may be confidcred as a redangle compounded of the 
time and velocity, that is a redangle of which the time 
denotes the length, and the velocity the breadth. Sup- 
pole then A to be the heavy body which defeends, and 
AB to denote the whole time of any defeent; which 
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let be divided into a certain number of equal parts, 
denoting intervals or portions of the given time, as 
AC, CD, DE, &c. Imagine the body to defeend, 
during the time exprefled by the firft of the divifions 
A C, with a certain uniform velocity arifing from the 
force of gravity adtmg on it, which let be denoted by 
A F, the breadth of tne redangle C F; then the fpaee 
run through during the time denoted by AC,, with the 
velocity denoted by A F, will be exprefled by the rec¬ 
tangular fpaee C r. 

Now the adion of gravity having produced, in the 
firft moment, the velocity AF, in the body, before at 
reft ; in the firft two moments it will produce the ve¬ 
locity C G, the double of the former; in the ^iird mo¬ 
ment, to the velocity C G will be added one degree 
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more, by which means will be produced the velocity 
D H, triple of the firft; and fo of the reft; fo that 
during the whole time A B, the body will have ac¬ 
quired the velocity B K. Hence, taking the divifions 
of the line A B at pleafure ; for example, the divifions 
AC, CD, &c, for the times ; the fpaces run through 
during thofe times, will be a9 the areas or re&angfes 
CF, DG, &c; and fo the fpace defcribed by the 
moving body during the whole time A B, will be 
equal to all the rectangles, that is, equal to the whole 
indented fpace A B K. 1 HGF. And thus it will 
happen if the increments of velocity be produced, as 
we may fay, all at once, at the end of ccitain portions 
of finite time ; for inflancc at C, at D, &c ; fo that the 
degree of motion remains the fame to the inilant that a 
new acceleration takes place. 

By conceiving the divifions of time to be (hotter, 
for example but half as long as the former, the in¬ 
dentures of the figure will be proportionally more 
contraCkd, and it will approach nearer to a triangle ; 
and fo much the nearer as the divifions of time are 
fhorter: and if tliefc be fuppofed infinitely finall; that 
is, if increments of the velocity be fuppofed to be ac¬ 
quired continually, and at each indiviiiblc particle of 
time, which is really the cafe, the re&anglcs fo "fuc- 
ccflivcly produced, will form a true triangle, as ABC ; 
the whole time A B confiding of minute portions A J, 



12, 23, See} and the area of the triangle ABC, of 
all the minute in daces, or minute trapeziums, which 
anfwcr to the divifions of the times; the area of tlie 
whole triangle ABC, denoting the ("pace run through 
during the whole time AB; and the area of any 
(mailer triangle A 7^, denoting the (pare run through 
during the correfponding time A 7. But the triangles 
Ala , A 7jr, & e, being fimilar, have their areas to 
each other as the fejuares of their like files A 1, A 7, 
&c; and eonfcqueully the fpaccs gone through, in 
any times counted from the beginning, arc to each 
other as the fquarcs of the times. 

Hence, in any right-angled triangle, as ABC, the 
one fide A B rep relents tne time, the other fide B C 
the velocity acquired in that time, and the area of the 
triangle the fpace defcribed by the falling body. 

From the preceding demonftration is alfo drawn 
this other general theorem in motions that are uni¬ 
formly accelerated; namely, that a body defeending 
with a uniformly accelerated motion, delcribts in tin* 
whole time of its dement, a fpace. which is exactly the 
half of that which it would deferibe uniformly in the 
fame time, with the velocity it has acquired at the end 
of its accelerated fall. For it ban been (hewn that the 
whole fpace which the falling body has run through in 
the timer All, is reprefented by the triangle A 11 C, 
the lafl velocity being B.C; am] tlu fpace which the 


body would nut through uniformly in the fame time 
A B, conftantly with the faid greatcfl velocity B C, is 
reprefented by the rectangle A B C D: but it is well 
known that the rcftangle A BCD is double the, 
triangle ABC; and therefore the latter (pace run 
through, is double the former; that is, the (pace run 
through by the accelerated motion, is juft half of that 
which the body would deferibe in the fame time, mov¬ 
ing uniformly with the velocity, acquired at the end of 
its accelerated fall. 

Hence then, from the foregoing confederations are 
deduced the following general laws of uniformly acce¬ 
lerated motions, namely, 

1 ft. That the. velocities acquired, ore conftantly pro¬ 
portional to the times; in a double time a double ve¬ 
locity, Sec. ' 

2d. That the fpaccs defciibcd in the whole times, 
each counted from the commencement of the motion, 
are proportional to the fquarcs of the times, or to the 
fquarcs of the velocities; that is, in twice the time, 
the body will deferibe 4 times the fpace ; in thrice the 
time, it will deferibe y times the fpace; in quadruple 
the time, ifi times the fpace; aud io on. In (hort, if 
the times arc proportional 
to the numbers - r, 2, 3, 4, 7, See, 
the fpaces will be as 1, 4, 9, 16, 25, &c, 
which arc the fquarcs of the former. So that if a 
body, by the natural force of gravity, fall through the 
fpace of x6 t 'v feet in the firft fccond of time ; then in 
the firft two feconds of time it will fall through four 
times as much, or 645 feet; in the firft three feconds 
it will fall nine times as much, or 144^ feet; and fo 
on. And as the fpaces fallen through are as the 
fquares of the times, or of the velocities ; therefore the 
times, or the velocities, are proportional to the fquare 
roots of the fpaccs. 

3d. The fpaces defcribed by falling bodies, in a 
feries of equal iullants or intervals of time, will be as 

3 > 5 > 7 * 9 » &c > 

4, 9, 16, 15, &c, 

rough i6,‘j feet in the 
iirll fccond, will in the next fecund run through 485- 
feet, in the third fecund 80 j? : , and fo on. 

4th. If the body fall through any fpace in any time, 
it acquires a velocity equal to double that fpace; that 
is, in an equal time, with the lafl velocity acquired, if 
uniformly continued, it would pafs over juft double the 
fpace. So if a body fall through tn A-Tec tin the firft 
fccond of time, then it has acquired a velocity of 3?^. 
feet in a fecond ; that is, if the body move uniformlv 
for one fecond, with the velocity acquired, it will pafs 
over 32; feet in this one fecond; and if in any time 
the body fall through ioa feet; then in anothei equal 
time, if it move uniformly with the velocity lull ac¬ 
quired, it will pafs over 200 feet. And fo on. 

But, as the method of demonftration tiled by (ialileo, 
by means of infinitely fmall parts forming a regular 
triangle, is not approved of by many perfims, the lame 
laws may be othcuvile demonilrated thu> 1 lit the 
tfholc time of a body’s free defeerft be divided into 
any number of parts, calling each of tFiefe parts 1 ; and 
let a denote the velocity acquired at the end of the firlt 

P 2 part 


the odd numbers • 1, 

which are the differences of j 
the fquares or w hole fpaces j 
that is, the body which has run 
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part of time ; then will 2 a, 3 ti, 4 <h Sec, reprefent 
the velocities at the end of the id, 3d, 4th, &e, part of 
time, becaufe the velocities are as the times.; atjd for 
the fame reafon bh ?./» S.c, will he the velocities at 
the middle point of the liiil, fecond, third, &c, part of 
time. But now as the velocities increafe unifounly, 
the fpace defetibed in any one of thefe parts of time, 
may he confidcred as uniformly deferihed with its 
middle velocity, or the velocity in the middle of that 
part of time; and therefore multiplying tlmfe mean 
velocities each by'their common time i, we have the 
fame fractious ' % a, \ \a, .cc, for the fpace* paflc«l 

over in the fucccffive parts of the time; that is, the 
fpace ia in the firlt time, J.v in the fecond, f * in the 
third, and fo on : then add thefe fpaecs fiiccv (lively to 
one another, and we obtain j<;, fa, )a, 1 {\j, &c, for 
the whole fpace- deferihed from the beginning of the 
motion to the end of the full, fecond, third, See, por¬ 
tion of time; ’i-uncly fpace in one lime, in 2 
times, -|/i in 3 times, and fo on: and it is evident that 
thefe fpace 1 in .ts the numbers 1, 4, 9, 16,'&c, which 
are as the f; ures of the times. 

And fiwin this mode of deinonilration, all the pro¬ 
perties jboYv-meutioiHd evidently How: fuel) sis tliat 
the whole lpaecs - - hr, >a, &c, 

are as the fquares of the times - 1, 2, 3, &<., 

that the fe par ate fpaecs - \a, Jo, &e, 

deferihed in the fucceilive times, 1 -t , 

are as the odd mtmhcis - j 1 ’ 5 • -c » 

and that the velocity a acquired in any time t, is 
double the fpace * - hi deferihed in the fame time. 

As the laws of deceleration are very important, l 
fhall here infert the two following prupo.itions, lent 
me by my learned friend M-. Abram Robertfon, of 
Chrill Church College Oxford, in which thole laws are 
demonllrated in a manner fomew hat .different. 

“ PporOSITION 1 . 

If from the point - 1 ’ in the flraight line A B, the 
points M, N begin to move at the lame time, namely, 
M towards A with a motion uniformly’ retarded, and 
N' from reft towards 1' with a motion uniformly acce¬ 
lerated; and if the velocity of M decreafes as much as 
the velocity of N inereafes in the fame time ; then the 
fpace M N is generated by an uniform motion, equal 
to the velocity with which. M begins to move. 

M P N 

A--- 1 ---B 

For, by hypothefis, whatever is loft in the velocity 
of M by retardation, is added to the velocity of N by 
acceleration : the joint velocities, therefore, of M and N 
muft always be equal. But it is by the joint velocities 
of M and N that the fpace M N is generated. Con¬ 
sequently M N is generated by an uniform motion, 
which is evidently equal to the velocity with which 
M begins to move. 

“ Proposition IT. 

If a point begins to move in the dirc&ion of a 
fltaight fine, and continues to move in the fame di¬ 
ll 


reftion with a velocity uniformly accelerntM ; th« 
fpace pafTed over in any given time, will be equal to 
half the fjwce palled over in the fame time with the 
velocity with which the acceleration ends. 

JLet the point I) begin to move from A towards B, 
along the ftiaight line A B, with a motion uniformly 
accelerated ; the fpace A 1 ) pallid over, is equal to. 
half the fpace which the point would pais over, in the 
fame time with the acquired velocity at 1), 



Let the points M, N begin to move in the f..: 1 'lit 
line OH, at the fame time, with equal vrhx.itic ni- 
forn.ly accclcrarcd; M beginning to move ;-.oa G, 
and N from 1 * j and at the lame time that M eoi.it i*» 
the point P, let N come to H. Then as hi and N 

M P N 

G- ! - 1 ---H 

move with equal vclocilitj, uniformly . c e’. r.ited, it is 
evident that the fpaec-S, which tli. - over in tlie 

fame time, arc equal to one anoilut , ■ ■tequentlv the 
fpace G l' is 0 jual to the fpace 1 * it. Now as M be¬ 
gins to move from G with a v rlocitv uniformly ac- 
celeiattd, it will arrive at P with an sicq-iiied velocity. 
II cnee it is evident, if it be te.ppcled to begin to move 
from Pvvith this acquired velocity, and proceed toward 
G with a velocity uniformly retarded in the fame de¬ 
gree that it was accelerated when it began to move 
from G, that it will pnfs over the fame fpace G P in 
the fame time. Wherefore, fuppofmg the two points 
M, N to begin to move from P at the fame lime, 
namely the point M beginning to move with the ac¬ 
quired velocity mentioned above, and pipe-ceding to¬ 
wards G with the velocity unifoimly retarded, de- 
feribed above ; and the point N as before with the 
velocity uniformly accelerated : then as the acceleration 
and retardation are uniform, they w'ift he equal in equal 
fpacer. of time. Again, as M is retaided in the fame 
degree that it was uccelciuud when it began to move 
ftom G, that is, in the fame degree that N is ac¬ 
celerated, by the foimer prop. AIN is gen< rated 
by an uniform velocity. But when the point M 
arrives at G, its velocity becomes equal to o or 
nothing; and at the time that M arrives at G, N 
artives at H w'ith the acquired velocity. Wherefore-, 
as the velocities of M and N taken jointly are equal, 
and confequently uniform, the fpace G H is palled 
over with the velocity of N at H, in the fame lime 
that P H is pafl*ed over by N beginning to move from 
I* with a velocity uniformly accelerated to H. But 
PH is half of G H. “ Hence the prop, is manifeft.” 

And hence the other laws of the fpaecs, before- 
mentioned, enlily follow. 

Since the fpaces defeended arc as the fquares of the 
limes, and the abfcilTes of a parabola are As the fquares 
of the ordinates, therefore the relation of the times and 
fpaecs defeended may be very well reprefented by the 
ordinates and abfeiffes of that figure. Thus if A B be 
the axis of the parabola A bdfh, and AC a tangent 

I at 
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St the vertex perpendicular .to 
the axis, divided into any num¬ 
ber of equal parts A a, ac, c e, 
&c, for the times} and if there 
be drawn a b, c J, e f, &c, pa¬ 
rallel to the axis: hence if a b 
be the fpacc defeended in the 
time A «, then c d will be the 
fpacc defeended in the time 
A c, aud e f the fpacc de¬ 
feended in the time A e, and fo on continually. 

From the properties. abovt-demouftrated, arc derived 
the following piaftical formulas or theorems for ufe. 
Namely, if g denote the fpace palled over in the lirll 
fecund of time, by a body urged by auy conftant force, 
denoted by t, and t denote the time or number of fc- 
conds in which the body palfes over any other fpacc s % 
and v the vtlocii y acquired at the end of that time ; 
then from the foregoing laws we have v = 2 gt, and 
s =zg t 1 ; and froin'tncfc two equations refult the 
following general formulas; 
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And here, when the conftant force i, is the natural 
force of gravity, then the diftanee g defeended in the 
firit fecund, in the latitude of London, is 16, 1 , feet: 
but if it be any other conftant force, the value of g 
will be different, in proportion as the force is more or 

kfs \ 

The motion of an afeending body, or of one that 
is impelled upwards, is diminilhed or retarded by the 
fame principle of gravity, acting in a contrary direc¬ 
tion, after the fame manner that a falling body is acce¬ 
lerated. 

A body projected upwaids, afeends until it has loft: 
all its motion ; which it does in the fame fpace of time, 
that the body would have taken up in acquiring, by 

falling a velocity equal to that with which the falling 

... .a...r .....i.. a ».i .r 


panding or reftoring themfelves. See DilATArioir, 
Compression, and 1 £laspicity. 

Accelerating Force, in Phyfics, is fhe force 
that accelerates the motion or velocity of bodies; 
and it is equal to, or expreffed by, the quotientarifing 
from the motive or abfolute force, divided by the 
mafs or weight of the body that is moved. Ia 
treating of phyftcal eonfider.itions refpe&ing forces, 
velocities, times, and (paces gone over, the firft inquiry 
is the accelerating or accelerative force. This force is 
greater or lefsin proportion to the velocity it generates 
in the fame time, and by this velocity it is meafured. All 
accelerating forces are equal, and generate equal velo¬ 
cities, that have the motive ibices directly proportional 
to the quantities of matter: fo a double -motive force 
will move a double quantity of matter, with the fame 
velocity, as alfo a triple motive force a triple quantity, 
a quadruple force a quadruple quantity, &c, all with the 
fame velocity. And this isH.bc real'on why all bodies 
fall equally fwift by the force of gravity ; for the mo¬ 
tive force is exadtly proportional to their weight or 
mafs. In general, the accelerating force is in the direct 
ratio of the motive force, and inverfe ratio of the 
quantity of matter. When a body is let fall freely, to 
defeend by tW force of its nattnal gravity, it has been 
found by experiment that it falls through 16,5 feet in 
one fecund of time, and requires a velocity of 32* feet in 
that time: but if the quantity of matter be doubled, and 
the motive force remain the fame as before, by connect¬ 
ing the f.dliirg body to another of equal weight by 
means of a thread, this other body being laid on a ho¬ 
rizontal plane, and the falling body hanging down off 
the plane, and drawing the other equal body along the 
plane after it; then the accelerating force will be only 
half of what it was before, and the- fpacc fallen in one 
fecund will be only S/* feet, and the velocity acquired 
16j 1 ,; T and if the quantity of matter be tripled, or 
the body drawn along the plane doubled ; then the ac¬ 
celerating force will be only one-thiid of what it was 
at firft, and the fpace defeended in one fecond, ami ve¬ 
locity acquired, each one-third of the lirll ; and lo on. 

But accelerating forces are lomct inv.. variable, as 
well as iometimes conftant; and the variation may be 
either incteafing or decrealing. 

The nature of conftant and variable accelerating 
forces, may he illuftraled in the following manner. 

1 by a thread 


other as tire fquares of tliofe velocities. 

Accelerated Motion of Bodies on Inclined Planes. 
The fame general laws obtain here, as ifi bodies falling 
freely, or perpendicularly; namely, that the velocities 
arc as the times, and tire fpaces defeended down the 
planes as the fquares of the times, or of the velocities. 
But tliofe velocities are lefs, according to the line of 
the plane’s inclination ; and the fpaces lefs, according 
to the liju.ue of the fine. See Inclined Plane. 

Accelerated Motion of Pendulums. See Pendu¬ 
lum. 

Accelerated Motion of Prof-Biles, See Pro¬ 
jectile. 

Accelerated Motion of CompreJJid Bodies , in ex* 
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Aril bring a ftraight inclined plane, and the other two 
curves, the one convex and the other concave to the 
perpendicular .Then the fmall weight tv will always make 
fome certain refinance to the free defeent of the large 
weight W, and that refiftancc will be conftantly the 
fame in every part of the plane A D, the difficulty to 
draw it up bring the fame in every point of it, becaufe 
every part of it lias the fame inclination to the horizon, 
or to the perpendicular; and coofequcntly the acccf- 
iions to the velocity of the defeending weight W, will 
be always equal in equal times; that is, in this cafe W 
defeends by a uniformly accelerating force. But in 
the two curves B E, C F, the refiftancc or oppofition 
of the fmall weight w will be conftantly altering as it 
is drawn up the curves, becaufe every part of them has 
a different inclination to the horizon, or to the perpen¬ 
dicular : in the former curve, the direction becomes 
more and more upright, or nearer perpendicular, as the 
fmall weight tv afcends, and the oppoiition it makes to 
the defeent of IV, becomes more and more; and con- 
fequentlv the amfliuns to the velocity of W will be 
always lefs and lefs in equal times; that, is, W defeends 
by a decreafmg accelerating force: hut in the latter 
curve C F, as w afcends, the direction of the curve be¬ 
comes lefs and lefs upright, and the oppoiition it makes 
to the defeent of W, becomes always lefs and lefs ; and 
consequently the aeceffions to the velocity of W will 
be always more and more in equal times; that is, W 
defeends by an increaling accelerating force. So that 
although the velocity continually increafcs in all tliefc 
cafes, yet wliillt it increafcs in a conftant ratio to 
the times of motion, in the plane A D; the velocity 
increafcs in a lei's ratio tluin the time it afeended up 
B E, and in a greater ratio than the time increafes in 
the other cuive' C F. 

Now'the relations between the times and velocities 
in all thefe cafes, may be very well reprefented by the 
relations between the ablcifies and ordinates of certain 
lines. Thus let A B and A C be two ftraight lines. 



making any angle B A C; and AD, AE two curves, 
the former concave, and the latter convex towards A B: 
divide A B into any parts A a, At, & c, reprefenting 
the times of motion; and dtaw the perpendiculars 
aedo, b/g b, &c, reprefenting the velocities. Then 
in tfie right line A C, the ordinates a d % bg, bring as 
the abfeiffes A a, A b, this reprefents the cafe of uni¬ 
formly accelerated motion, in which the velocities arc 
always as the times: but in the curve A D, the ordi¬ 
nates ac, bf iocreafc in a lefs ratio than the abfeiffes 
An, A b{ and therefore this reprefent6 the cafe of 
slecrcafing acceleration, in which the velocities increafe 


in a lefs ratio than the tiqies; and in the other curve 
A E, the ordinates ae, bh increafe in a greater ratio 
than the abfeiffes} and therefore this reprefents the 
cafe of incrcaiing acceleration, in which the velocities 
increafe in a greater ratio than the times. 

The fevcral algebraic formulas or theoreifis, refpeft- 
ing the time, velocity, fpace, for conftant accelerating 
forces, arc delivered above, at the article Accelerated Mo¬ 
tion , where the value of each circumftance is expreffed in 
finite determinate quantities. But in the cafes of vari¬ 
ably accelerated motions, the formulas will require the 
help of the method of fluxions to exprefs, not thofe 
general relations themfelves, but the fluxions of them ; 
and confequcntly, taking the fluents of ihofc cx- 
preffions, in particular cafes, the relations of time, 
fpace, velocity, &c, are obtained. 

Now if t denote the time in motion, 

v the velocity generated by any force, 
s the fpace paffed over, 

and 2 g the variable force at any part of the motion, 
or the velocity the force would generate in one fecund 
of time, if it ftiould continue invariable, like the force 
of gravity, during that one fecond; and therefore the 
value of this velocity Ig, will be in proportion to 32 i 
feet, as that variable force, is to 1 the force of gravity. 
Then becaufe the force may be fuppofed conftant dur¬ 
ing the indefinitely fmall time t, and that in uniform 
motions the fpaces and velocities are proportional to the 
times, we from thence obtain thefe two general funda¬ 
mental porportions, 

• • • • 
v : t :: 1 w : /, or s — tv ; 

• . • • 

2 g : v :: 1" ; /, or v = 2 g t. 

From which are derived the four formulas below, in 
which the value of each quantity is expreffed in terms 
of the reft. 
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And thefe theorems equally hold good for the de 
ftruftion of motion and velocity, by means of retard¬ 
ing forces, as for the generation of the tame by means 
of accelerating forces. 

Acceleration, in Mechanics, the increafe of velo¬ 
city in a moving body. 

Acceleration. AJlron. The Diurnal Acceleration 
of the fixed liars, is the time which the ftars, in our diur¬ 
nal revolution, anticipate the mean diurnal revolution 
of the fun ; which is 3 m of mean time, or nearly 
3" 56*: that is, a ftar rites, or tets, or paffes the me¬ 
ridian, about 3™ 56’ fooner each day. This accelera¬ 
tion of the ftars, which is only apparent in them, antes 
from the real retardation of the fun, owing to his appa¬ 
rent 
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rent motion in his orbit towards the eaft, which is about 
59 / of a decree every day. So that the ftar which 
palled the meridian yefterday at the fame moment with 
the fun, is to-day about 59' 8" pad the meridian to the 
weft, when the fun arrives at it; which will take him 
up about 3"* 56* of time to pafs over; and therefore 
the ftar paffes by 3™ 56* fooner than the fun each day, 
or anticipates his motion at that rate. The true quan¬ 
tity of this anticipation, or acceleration, is found by 
this proportion, 360°59' ' 59 ' 8 #/ y : : 24hours: 

3 m 5-5 Vn» the fourth term of which is the acceleration. 

The diurnal acceleration ferves to regulate the lengths 
or vibration of pendulums. If I obferve a fixed itar 
fet or pafs behind a hill, ftceple, or fuch like, when the 
pendulum marks for inftance 8 h 10™ ; and the next day, 
the eye being in the fame place as before, the paffage 
be at 8’ 1 6 m 4*; I thence conclude that the penduliim 
is well regulated, or truly meafures mean time. 

Accele ratio*! of a P/atitf. A planet is faid to be 
accelerated.in its motion, when its real diurnal motion 
exceeds its mean diurnal motion. And, on the other 
hand, the planet is faid to be retarded in its motion, 
when the mean exceeds the real diurnal motion. This 
inequality aiifes fiom the change in the dillauee of the 
planet from the fun, which is continually varying ; the 
planet moving always quicker in itsovbif when nearer 
the fun, and flower when farther off. 

Acceleration of the Moon , is a term ufed to ex- 
prefs the increafc of the moon's mean motion from the 
fan, compared with the diurnal motion of the earth ; 
by which it appears that, from fome uncertain caufe, it 
is now a little quicker than it was formerly. Dr. Hal¬ 
ley was led to the difeovery, or fufpicion, of this acce¬ 
leration, by comparing the ancient eclipfes obferved at 
Babylon, &c, and thofe obferved by Albatcgnius- in 
the ninth century, with fome of his own time ; as may 
he hen in N* 2 18 of the Philofophical Tranfa&ions. 
He could not however ascertain the quantity of the 
acceleration, becaufe the longitudes of Bagdat, Alex¬ 
andria, and Aleppo, where the observations were made, 
had not been accurately determined. But fince his 
time the longitude of Alexandria has been afeertaiued 
by Chazellcs; and Babylon, according to Ptolemy's 
account, lies jo' call of Alexandria. 1 'iotn thelcdata, 
Mr. Dunthornr, vol. 46 Fhilof. Tranfactions, compared 
the recorded times of feveral ancient and modem eclijdlr, 
with the calculations of them by Iris own tables, and 
thereby verified the fufpicion that had been ftarted by 
Dr. Halley ; for lie found that the fame tables gave the 
moon’s place more backward than her true place in 
ancient eclipfes, and more forward than her true place 
in later eclipfes ; and thence hejuftly inferred that her 
motion in ancient times was flower, and in later times 
quicker, than the tables give it. 

Not content however with barely afeertaining the 
fact, be proceeded to determine, as well as the obfer- 
vations would allow, the quantity of the acceleration ; 
and l>y means of the moll authentic cclipfe, of which 
any good account remains, obferved at Babylon in the 
year 72 j before Chriit, he found that the obferved be¬ 
ginning of this cclipl'e was about an hour and three 
quarters fooner than the beginning by the tables; and 
that therefore the moon’s true place preceded her place 
by computation by about $0' of a degree at that time. 


Then admitting the acceleration to be uniform, and 
the aggregate of it as the fquarc of the time, it will 
be at the tateof about 10" in ico years. 

Dr. Long, vol. ii. p. 436 of his Aftronomy, enu¬ 
merates the following caufes from fome one or more 
of which the acceleration may arife. Either tft, the 
annual and diurnal motion of the earth continuing the 
fame, the moon is really carried about the earth with 
a greater velocity than formerly : or, 2dly, the diurnal 
motion of*the earth, and the periodical revolution of 
the moon, continuing the fame, the annual motion of 
the earth about the fun is retarded ; which makes the 
fuu’s apparent motion in the ecliptic a little flower than 
formerly; and confequcutly the moon, in palling from 
any conjunction with the fun, takes up a lefs time be¬ 
fore fhe again overtakes the fun, and forms a fubfequent 
conjunction : in both thefe cafes, the motion of the 
moon from the fun is really accelerated, and the fyno- 
dical month actually fliortened: or, 3dly, the annual mo¬ 
tion of the earth, and the periodical revolution of the 
moon, continuing the fame, the rotation of the earth 
upon its axis is a little retarded ; in this cafe, days, 
hours, minutes, &c, by which all periods of time mud 
be meafured, appear of a longer duration ; and confc- 
quently the fynodical month will appear to be fliortened, 
though it really contain the fame quantity of abfolute 
time as it always did. If the quantity of matter in the 
body of the fun be leffened, by the “particles of light 
continually ftreaming from it, the motion of the earth 
about the fun may become flower: if the earth in- 
crcafes in bulk, the motion of the moon about the 
earth may thereby be quickened. 

ACCELERATIVE Force, £sV, the fame as Ac¬ 
celerating. 

ACCESSIBLE, fnmething that may be approach¬ 
ed, or to.which we can come. In Surveying, it is fuch 
a place as will admit of having a didance or length of 
ground meafured from it; or Inch a height or depth as 
can be meafured by adlually applying a proper initru- 
ment to it. For the means of doing which, fee A1.1 ime- 
■jky, I.cngimetrv, or Heights-an»-D:stance s. 

ACCIDENS, Accipev r, Philof. 

Per Acgipeks is a term often ufed among philofo- 
phers, to denote what does not follow from the nature 
of a thing, but from fome accidental quality of it: in 
this fenfc it Hands oppofed to per /?, which denotes 
the natuie and cflcnce of a thing. Thus, lire is faid to 
burn per fe, or confidercd as lire, and not per at:: Jins ; 
but a piece of iron, though red-hot, only burns p?r 
oceiJens, by a quality accidental to it, and not conli- 
dered as iion. 

Accidents, in Jlflnlagy, denote themoft extraordi¬ 
nary occurrences in the courfe of a perfon’a life, either 
good or bad: fuch as a remarkable inftance of good 
fortune, a fignal deliverance, a great fickncfs. See. 

ACCIDENTAL, fometliing that partakes of the 
nature of an accident; or that is indifferent, or uot.cf- 
fcntial to its lubjeit.-—Thus vvhitenofs is accidental to 
marble, and fenlible heat to iron. 

Accidental Colours, fo called by M. BufTon, arc 
thofe winch depend on the affe£lions of the eye, in 
conti adillindtion to fuch as belong to light itfelf. 

The nnpreffiuns made upon the eye, by looking fted- 
falllv on objcdls of a -particular colour, arc various 

according 
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according to tlic Angle colour, ov affcmblage of 
colours, in the objeX; and they continue for fome 
time altei the eye is withdrawn, and give a falfe colour¬ 
ing to other ohjcXs that arc viewed during their conti¬ 
nuance. M. Buffon has endeavoured to trace the con¬ 
nexion between theft* accidental colours, and thofe that 
are natural, in a variety of iuftaticcs. M.* d’Arcy con¬ 
trived n machine for meafuriug the duration of thofe 
impreilious on-the eye ; and from the refult of feveral 
trials he inferred, that the efleX of the aXion of light 
on the eye continued about eight thirds of a minute. 

The fubjiX has alfo been confidcred by M. de la 
Hire, and M. Arpinns, &c. Sec Mem. Acad. Paris 
1 744, and 1765 ; Nov. Com. Pctrop. vol. 10 ; alfo Dr. 
Pricflity’s Hilt, of Difeoverics relating to Vifion, 
pa. 631. 

Accident At Point, in Perfpeftive, is the point in 
which a right line drawn from the eye, parallel to an¬ 
other right line, cuts the picture or pcrlpeXive plans. 



Let A B he the line given to be put into perfpeftive, 
C FD the piXure or perfpeXive plane, and E the eye: 
draw E F parallel to AG; fo (hall F be the accidental 
point of the line A B, and indeed of all lines parallel 
to it, fince only one parallel to them, namely E F, can 
be drawn from the fame point E : and in the accidental 
point concur or meet the reprefentations of all the pa¬ 
rallels to A B, when produced. 

It is called the accidental point, to diftingui/h it 
from the principal point, or point of view, where a line 
drawn from the eye perpendicular to the perfpeXive 
. plane, meets this plane, and which is the accidental 
point to all lines that are perpendicular to the fame plane. 

Accidental Dignities, and Debilities, in Afirology, 
are certain cafual difpofitions, and affcXions, of the 
planets, by which they are fuppofed to be either 
lengthened, or weakened, by being in fuch a houfe 
of the figure. 

ACCLIVITY, the flope or ftcepnefs of a line or 
plane inclined to the horizon, taken upwards; in con- 
tradiftinXion to declivity, which is taken downwards. 
So the afeent of a hill, is an acclivity: the defeent of the 
fame, a declivity. 

Some writers on fortification ufe acclivity for talus : 
though more commonly the word talus is ufed to denote 
the flope, whether in afeending or defeending. 

ACCOMPANYMENT, in Mafic, denotes either 
the different parts of a piece of nuific for the different 
tijiafttenta, or the initruments themfelves which ac- 
'€»piuiy a voice, to fuftain it, as well as to make the 
■wine more foil. 

The Accompanyment is ufed in recitative, as well as 
in fong $ on tlte ftage, as well as in the choir, &c. 


The ancients had like wife their aceompanyments 
On the theatre; and they had even different kinds of 
inftruments to accompany the chorus, from tliofc which 
accompanied the aXors in the recitation. 

The accompanyment amejng the modems, is often a 
different part, or melody, from the fong it accompanies. 
But it is difputed whether it was fu among the an¬ 
cients. 

Organifts fometimes apply the word to feveral pipes 
which they occafionally touch to accompany the treble j 
as the drone, the flute, &c. 

ACCOMPT. See Account. 

ACCORD, according to the modem French mufic, 
is the union of two or more founds heard at the fame 
time, and forming together a regular harmony. 

They divide Accords into 'perfeid and imperfeli; and 
again into ctmfonances and dijjonmccs . 

Accord is more commonly called Concord, which 
fee. ' 

• Accord is alfo fpoken of the ftate of an inflrumcnt, 
when its fixed founds have among themfelves all the 
juftnefs that they ought to have. 

ACCOUNT, or Accomft, in Arithmetic, Arc, a 
calculation or computation of the number or order of 
certain things ; as the computation of time, &c. 

There are various ways of accounting ; as, by enu¬ 
meration, or telliug one by one; or by the rules of 
arithmetic, addition, fubtraXion, &c. 

Account, in Chrmology, is nearly fynonymous with 
flyle. Thus, we fay the Englifh, the foreign, the Ju¬ 
lian, the Gregorian, the Old, or the New account, or 
ftyle. 

We account time by years, months, Arc; the 
Greeks accounted it by olympiads; the Romans, by 
indiXions, lu (Ires, &c. 

Acherner, or Acharner, in AJlronomy, a ftar of 
the firft magnitude in the fouthera extremity of the 
conilellation Eridanus, marked * by Bayer. I ts longi¬ 
tude for 176*, X 11° S 5 1 l "' * aIK l latitude fouth 
59 ° *** *"• 

ACHILLES, a name given by the fchools to the 
principal aigument alleged by each feX of philofophcrs 
in behalf of their fyftem. In this fenfe vve fay tin's is 
his Achilles; that is, his mafter-proof: alluding to 
the ftrength and importance of the hero Achilles among 
the Greeks. 

Zeno's argument againil motion is peculiarly termed 
Achilles. That philofopher made a companion between 
the fwiftnefs of Achilles, and the flownefs of a tortoife, 
pretending that a very fwift animal could never over¬ 
take a flow one that was before it, and that therefore 
there is no fufti thing as motion : for, faid lie, if the 
tortoife were one mile before Achilles, and the motion 
of Achilles 100 times fwifter than that of the tortoife, 
yet he would never overtake it; and for this reafon, 
namely, that while Achilles runs over the mile, the 
tortoife will creep over one hundredth part of a mile, 
and will be fo much the foremoft ; again while Achilles 
runs over this , £uth part, the tortoife will creep over 
the 100th part of that T £«th part, and will (till be thia 
laft part the foremoft; and fo on continually, accotding 
to an infinite feries of todth parts: from which lu* 
concluded that tlte fwifter could never overtake the 
flower in’ any finite time, but that they muft go on ap¬ 
proaching 
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preaching to infinity. But tins fophifm lay in their 
conlidcring as an infinite time, the fum of the infinite 
feries of fmall times in which Achilles could run over 
the infinite fijries of fpnres, i + + Tiraes + 

&c, not knowing that the fum of this infinite 
feries is equal to the quantity i v ' v of a mile, and that 
therefore Achilles will overtake the tortoife when the 
latter has crawled over ,' 7 th of a mile. 

ACHROMATIC, in O/jiirs, without colour; a 
term which, it feems, was firit ufed by M. de la I.andc, 
in his afironomy, to denote telefcopes of a new inven¬ 
tion, contrived to remedy aberrations and colours. Sec 
/tbrrratinn and Trlcf, r:f<r. 

Achromatic Thli scoff, a lingular fpec.ics of re¬ 
fracting telcfcope, laid to he invented l»v the late Mr. 
John Dollond, optician to the king, and fince improved 
byh is fon Mr. Peter Dollond, and others. 

h.vcry ray of light palling obliquely from a rarer 
into a deafer medium, changes its direction towards the 
perpendicular; and ev«ry ray pilling obliquely from a 
denfer into a rarer medium, changes its direction from ilte 
perpendicular. This bending of the rav, eaufed by the 
change of its dircClion, is called it:, refraction; and 
the quality of light which fuhjects it to this refiadtion, 
is called its refrangibility. livery ray of light, before 
it is re fra ft ed, is white, though it eouiilU of a number 
of component rays, each of which is of 'a different co¬ 
lour. As loon as it is refracted, it is feparated into its 
component rays, which, from that time, proceed di- 
werging from each other, like rays from a centre: and 
this divergency is eaufed by the different refrangibility 
of the component ray:-, in Inch fort, that the more the 
original or component ray is refrndted, the more will 
the compound rays divrige when the light is refradted 
by one given medium only. 

From hence it has been concluded, that any two dif¬ 
ferent mediums that can be made to produce equal re- 
fradtions, will neceflaiily produce* equal divergencies: 
whence it Ihould alto follow, that equal and contrary 
rrfradtions fiioulc) not only dellroy each other, but tliat 
the divergency of the colours eaufed by one rcfradlion, 
fitould be corredlcd by the* other; and that to produce 
rcfradlion that would not be affedted by the different 
refrangibility of light, is impofiible. 

But Mr. Dollond has proved, by many experiments, 
that thefe eonclufious are not well founded ; from which 
experiments it appeared, that a ray of light, after equal 
and contrary refractions, was Hill fpreud into compo¬ 
nent rays differently coloured : in other words, that 
two difieient mediums may caufe equal refiadtion, but 
different divergency ; and equal diveigencv, with dif¬ 
ferent refiadtion. It follows therefore that redaction 
may be produced, which is not affedkd by the different 
refrangibility of light. In other words, that, if the 
mediums he different, different refractions may be pro¬ 
duced, though at the fame time the divergency eaufed 
by one refradtion fliall be exactly counteracted by the 
divergency eaufed by the other; and fo an object may 
be feen through mediums which, together, caufe the 
rays to converge, without appearingof different colours. 

This is the foundation of Mr. Dollond’s improvement 
of refracting telefcopes. By fubfiquent experiments he 
found, that different forts of glafs differed greatly in their 
rcfradlivc qualities, with rci'pect to the divergency of co¬ 
lours. He found tlvtt crown glafs caufes tin lcail diva- 
Vot. 1 . 


gency, and white Hint tlic mod, when they are wrought; 
into fornio that produce equal refractions. He ground a 
piece of white flint glafs into a wedge, whofe angle was 
about 25 degrees ; aud a piece of Crown glafs to another, 
whofe angle was about 29 degrees; and thefe he found 
refracted nearly alike, but that their divergency of 
colours was-very different. 

He then ground feveral other pieces of crown glafi 
to wedges of different angles, till lie got. one that was 
equal, in the divetgency it produced, to that of a wedge 
of flint glafs of z 5 degrees ; fo that when they were 
put together, in fucli a manner as to reft a A in contrary 
directions, the rcfradled light was perfedtly free Front 
colour. Then ineafuring the fraftions of each wedge, 
he found that that of the white flint glafs, was to that 
of the crown glafs, neatly as two to three. And hence 
any two wedges, made of thefe two fuMince?, and in* 
this proportion, would, when applied together fo as to 
refract in contrary directions, refract the light without 
any effect arifing from the different refrangibility of the 
component ray*. 

Therefore, to make two fpherical glaffes that refradl 
the light in contrary directions, one muit be concave, 
aud the other convex ; and as the rays, after palling 
through both, mult meet in a focus, the excels of the 
re fraction mull be in the convex one : and as the con¬ 
vex is to refraft molt, it appears fiom the experiment 
that it mull be made of crown glafs; and as the con¬ 
cave is to refiaCi lcall, it mull be made of white flint. 

And farther, as the rifractions of fpherical glaffes 
are in an inverfe ratio of their focal diftanees, it follows 
that the focal diftanees of the two glaffes fhould be in 
the iatk> of the refractions of the wedges; for, being 
thus proportioned, every ray of light that paffes through 
this combined glafs, at whatever diftancc from its axis, 
will conilantly be refracted by the difference between 
two contraty refractions, in the proportion required; 
and therefore the effect of the different refrangibility 
of light will be prevented. 

'I he removal of this impediment, however, produced 
another: for the two ghffes, which were thus com¬ 
bined, being fegntents ol very deep fpheres, the aber¬ 
rations from the fpherical furfaces became fo conlider- 
able, as greatly to difturb the dittindlnefs of the image. 
Yet conlidcring that the furfaces of fpherical glades 
admit of great variations, though the focal diftancc be 
limited, and that by thefe variations their aberration 
might be made more or lefs at pleafure; Mr. Dollond 
plainly faw that it was poilible to make the aberrating 
of any two glaffes equal; and that, as in this cafe the 
refractions of the two glafies were contrary to each 
other, and their aberrations being equal, thefe would 
dellroy each other. 

Thus he obtained a perfcfl theory of making object 
glaffes, to the apertures of which he could hardly per¬ 
ceive any limits : for if the practice could come up to 
the theory, they inufl admit of apertures of great ex¬ 
tent, and confequently bear great magnifying powers. 

The difficulties of the pradtice are, however. Hill 
very confiderablc. For full, the focal dillances, as 
well as the particular furfaces, mud be proportioned 
with the utmoll accuracy to the denfities and refracting 
powers of the glafies, which vary even in the fame for£ 
of glafs, when made at different times. Secondly, 
there are four furfaces to be wrought pcilcdtly fpherical. 

K However, 
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However, Mr. Dollond could conftrudt re framing tele- 
fcopcs upon thefe principles, with fuch apertures and 
magnifying powers, under limited lengths, as greatly 
exceed any that were produced before, in forming the 
images of objects bright, diftioft, and uninfcdlcd with 
colours about the edges, through the whole extent of a 
very large field or compafs of view ; of which he has 
given abundant and undeniable teftimouy. See Tele¬ 
scope. 

There has lately appeared in the Gentleman's Maga¬ 
zine (1790, pa. 890) a paper on the refra&ing tele- 
fcope, by an author who figns Veritut, in which the 
invention is aferibed to another perfon, not heretofore 
mentioned; in thefe words: “ As the invention has 
been claimed by M. Euler, M. Kliugenftiema, and 
fome other foreigners, we ought, for the honour of 
England, to aifert our right, and give the merit of the 
difcovery to whom it is due; and therefore, without 
farther preface, 1 (hall obferve, that the inventor was 
Ghefter More Hall, Efq. of More-hall, in Eflex, who, 
about 1729, as appears by his papers, considering the 
different humours of the eye, imagined they were 
placed fo as to correft the different refrangibility of 
light. He then conceived, that if he could find fub- 
itences having fuch properties as he fuppofed thefe hu¬ 
mours might poffefs, he fhould be enabled to condrutt 
an objeft glafs that would fliew objedts colourlefs. 
After many experiments he had the good fortnne to 
End thofe properties in two different forts of glafs, and 
malting them difperfc the rays of light in different di- 
reftionB, he fucceeded. About 1733 he completed k’" 
veral achromatic object glaffes fthough he did not give 
them this name), that bore an aperture of more than 
a | inches, though the foeal length did not exceed 20 
inches; one of which is now in the poffeffion of the 
Rev. Mr. Smith, of Charlotte Street, Rathbone Place. 

This glafs has been examined by feveral gentlemen 
of eminence and fcientific abilities, and found to pof¬ 
fefs the properties of the pvefent achromatic glaffes. 

Mr. Hall ufed to employ the working opticians to 
grind his lenfes; at the fame time he fimflied them 
with the radii of the furfaces, not only to correct the 
different refrangibility of rays, but alfo the aberration 
ariiing from the fpherical figure of the lenfes. Old Mr. 
Bafs, who at that time lived in Bridewell precindf, was 
one of thefe working opticians, from whom Mr. Hall’s 
invention Teems to have been obtained. 

In tbe trial at Weftminfter-hall about the patent for 
making achromatic telefcopes, Mr. Hall was allowed 
to )ie the inventor ; but Lord Mansfield obferved, that 

It was not the perfon that locked up his invention in 
-his ferutoire that ought to profit by a patent for fuch 
aa invention, but he who brought it forth for the bene¬ 
fit of the public." This, perhaps, might be faid with 
fome degree of juftice, as Mr. Hall was a gentleman 
of property, and did not look to any pecuniary advan¬ 
tage from his difcovery ; and, confetjuently, it is very 
Brobahle that he might not have an intention to make 
it generally known at that time. 

That Mr. Ayfcough, optician on Ludgate Hill, 
-#4* in poffeffion of one of Mr. Hall’s achromatic tele¬ 
fcopes m 1754, is a fadtwfckh at this time will not be 
difputed.’* 

ACHRONICAX, or Achronycal. See Acronychal. 


ACOUSTICS. This term, in phyfico-mathematicat 
meaning, fignilies the do&riuc of hearing, and the art 
of affifting that fenfe by means of fpeaking trumpets, 
bearing trumpets, whifpering galleries, and fuch like. 
See Stkmtrophoxic Tube. 

Sturmius, in his Elements of Univerfal Mechanics, 
treating of AcouAics, after examining into the nature 
of found;), deferibes the feveral parts of the external 
and internal car, and their feveral ufes and connexions 
with each other; and from thence deduces the mecha- 
nifm of hearing : and ladly, he treats of the means of 
adding an iutenfity of force to the voice and other 
founds; and explains the nature of echoes, otacouftic 
tubes, and fpeaking trumpets. See Sound, Ear,Voice, 
and Echo. 

Dr. Hook, in the preface to his Micrography, afierts 
that the lowed whifper, by certain means, may be 
heard at the didance of a furlong ; and that he knew a 
way by which it is eafy to hear any one fpcak through 
a wall of three feet thick; alfo that by means of an ex¬ 
tended wire, found may be conveyed to a very great 
diliance, almolt in an indant. 

AC RE, from the Saxon eert, or German atlcr, a field, 
of the I-atin ager. It is a mcafurc of land, containing, 
by the ordinance for meafuring land, made in the 33d 
and 34th of Edward 1 , 160 perches or fquare poles off 
land ; that is, 16 in length and 10 in breadth, or in that 
proportion: and as the datute length of a pole is $' c ' 
yards, or 16* feet, therefore the acre will contain 4840 
fquare yards, or 43560 fquare feet. Tlie chain with 
which land is commonly mcafured, and which was in¬ 
vented by Gunter, is 4 poles or 22 yards in length ; 
and therefore the acre is jud to fquare chains; that is, 
to chains in length and one in breadth, or in that pro¬ 
portion. Farther, as a mile contains 1760 yards, or 
80 chains in length, therefore the fquare mile contains 
640 acres. 

The acre, in furveying, is divided into 4 roods, and 
tlie rood is 40 perches. 

The French acre, arpenl, is equal to 1 -J Englifh acre ; 

The Straftntrg contains about f an Englifh acre; 

The Welch acre contains about 2 Englifh acres; 

The Irifh acre contains I ac. a r. i9tVtP* Englifh. 

Sir William Petty, in his Political Arithmetic, 
reckons that England contains 39 million acres : 
but Dr. Greve (hews, in the Philof. Tranf. N° 330, 
that England contains not lefs than 46 million acres. 
Whence he infers* that England is above 46 times as 
large as the province of Holland, which it is find con¬ 
tains but about one million of acres. 

By a datute of the 3id of Elizabeth, it is ordained, 
that if any man credt a cottage, he /hall annex four 
acres of land to it. 

ACRONYCHAL, or Acromycal, in Aftrenomy, 
is faid of a dar or planet, when it is oppoiite to die 
fun. It is from the Greek aafatt/jg#,-, the point or ex¬ 
tremity of night, becaufe the Aar rofe at fun-iet, or the 
beginning of night, and fet at fun-rife, or the end of 
night; and fo it fhone all the night. 

The acronychal is one of tnc three Greek poetic 
rifings and feltings of the dareand dands diflinguifh- 
ed from Cofmical and Heliacal. And by means of 
which, for want of accurate iuitruments, and other ob- 
Cervations, they might regulate the length of their year. 

ACROTER 1 A, 
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ACROTERIA, or AckoTSXS, in Archilefture , fmaU 
•pedefluis, ufoally without bafcs, placed on pediments, 
and Tervirtg to fupport ftatues. 

Thofe at the extremities ought to he half tlie height 
of the tympanum 5 and that m the middle, according 
to Vitruvius, otic eighth part more. 

Acrotchia alfo arc fometimes ufed to lignify 
figures, whether of (lone or metal, placed as orna¬ 
ments or crownings, on the tops of temples, or other 
buildings. 

Jt is alfo fometimes ufed to denote thofe (harp pira¬ 
cies or fpiry battlements, that (land in ranges about 
flat huihii.'igs, with rail* and baluilrrs. 

ACTION, iu Mechanics or Phy f.cs , a term ufed to 
denote, fomctimvi the effort which ionic body or power 
exerts agrind another body or power, and funtutmes 
it denotes the effeits rcliihing from inch effort. 

The Carl'.‘(inns refolvc all phyiieal action into meta- 
; phyfical. Todies, according to them, do not aft on one 
another; the action comes all immediately from the 
Deity ; the motions of bodies, which feem to be the 
caufc, being only the occafions of it. 

It is one of the laws of nature, that aft ion and re¬ 
action are always equal, and cunt:ary to each other 
iu their directions. 

Aftiou is cithci inftantnncous or continued; that is, 
either by collition or pc re 11 (Ti on, or by preffure. Thefe 
two forts of action are heterogeneous quantities and 
are not comparable, the fmalled aftion by pcwuftioir 
exceeding the greated action of preffure, as the (inallell 
furface exceeds the longed line, or as the Unniletl (olid 
exceeds the larged furface: thus, a man by a finall 
blow with a hammer, will drive a wedge below the 
greated fliip on the docks, or under any other weight ; 
that is, the fmalled pcrcuffion overcomes the preffuic 
of the greated weight. Thefe aftions then cannot be 
meafured the one by the other, but each mud have a 
mealuic of its own kind, like as folids mull be mea¬ 
fured by folids, and furfaccs by furfaccs: time being 
concerned in the one, but not in the other. 

If a body be urged at the fame time by equal and 
contrary actions, it will remain at red. But if one of 
thele aCtions be greater than its oppofite, motion will 
cr.fuc towards the part kali urged. 

The aCtions of bodies upon each other, in a fpace 
that is carried uniformly forward, are the fame as if 
tin fpace were at red ; and any' powers or forces that 
act upon all bodies, fo as to produce equal velocities in 
them in the fame, or in parallel right lines, have no 
etiift on their mutual aftions, or relative motions. 
Tilts the motion of bodies on board of a (hip that is 
•car :id uniformly forward, are performed in the fame 
manner as if the (hip was at red. And the motion of 
the earth about its axis has no'cffcft on the aftions of 
•bodies and agents at its furface, except in fo fur as it 
is not uniform and reftilineal. In general, the aftions 
•of bodies upon each other, depend not on their abfo- 
iute, but relative motion. 

Quantity of Action, in Mechanics, a name given 
by M. de Maupertuis, in the Memoirs of the Academy 
•of Sciences of Paris for 1744, and in thofe of Berlin 
for 1746, to the continual produft of the mafs of a 
body, by the fpace which it runs through, and by its 
celerity. He lays it down as a general law, that in the 


diangcs made in the (late of a body, the quantity of 
action neceffary to produce fucli change is the lead pofiv* 
ble. This principle he applies to the inveftigation of 
the laws of refraCtion, and even the laws of reft, as he 
calls them ; that is, of the equilibrium or equipoiiencf 
of preffurcs; and even to the modes of aCting of the 
Supreme Being. In this way Maupertuis attempts 
to conneCt the metaphyfics at final caufes with the 
fundamental truths of mechanics; to (hew the de¬ 
pendence of the collifion of both elaftic and bard 
bodies, upon one and the fame law, which bcfoie had 
always been reieired to feparate laws; and to red tier 
the laws of motion, and thofe of equilibrium, to one 
and the fame principle. 

But this quantity of motion, of Maupertuis, which 
is defined to be the product of the mafs, the fpace 
palled over, and the celerity, comes to the fame thing 
as the mafs multiplied by the iquare of the velocity, 
w’lim the fpace palled over is equal to that by which 
the velocity is meafured; and fo the quantity of force 
will be proportional to the mafs multiplied by the 
fquaic of the velocity ; (ince the fpace is meafured by 
the velocity continued for a certain time. 

In the fame year that Maupertuis communicated the 
idea of Iris principle, profeffor JKuler, in the fupplcment 
to his book, intitled Methodus inveuiendi linens curves 
maximi vel minimi proprietale gauatntesy demouftrates, 
that in the trajcclories which bodies deferibe by central 
forces, the velocity multiplied by what the foreign ma¬ 
thematicians call the element of the curve, always 
makes a minimum: which Maupertuis conlidered as 
an application of his principle to the motion of the 
planets. 

It appears from Maupertuis’s Memoir of 1744, that 
it was his redeftions on the laws of refraftions, that led 
him to the theorem above mentioned. The principle 
which Fermat, and after him Leibnitz, made trie of, 
in accounting for the laws of refraftion, is fuffictcntiy 
known. Thofe mathematicians pretended, that a par¬ 
ticle of light, in its paffage from one point to another, 
through two mediums, in each of which it moves with 
a different velocity, mull do it in the fhorteft timepof- 
fible: and from this principle they have demonstrated 
geometrically, that the particle cannot go from the one 
point to the other in a right line ; but being arrived at 
the fui face that feparates the two mediums, it mod 
alter its direction in ftich a manner, that the fine of 
its incidence (hall he to the fine of its refraftion, ns 
its velocity in the firft medium is to its velocity in 
the feeoml: whence they deduced the well known law 
of the conftant ratio of thofe lines. 

This explafiftion, though very ingenious, is liable 
to this prefiing difficulty, namely, that the particle 
mtift approach towards the perpendicular, in that me¬ 
dium where its velocity i* the lead, and which conse¬ 
quently refids it the mull : which feems contrary to 
all the mechanical explanations of the refraftion of 
bodies, that have hitherto been advanced, and of the 
refraftion of light in particular. 

Sir Il'aac Newton’s way of accounting for it, is the 
moll latisfaftnry of any that has hitherto been offered, 
anu gives a clear reafo.; for the cOnflant ratio of the 
fines, by alcribing the refraftion to the attraftive force' 
of the mediums; from which it follows, that the denfeft 
£ 2 mediums. 
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mediums, whofe attraftion is the ftrongeft, fhould 
etude the ray to approach the perpendicular ; a fait 
confirmed by experiment. But the attraction of the 
medium could not caufe the ray to apptoach towards 
the perpendicular, without increafing its velocity ; as 
may eafily he demon 11 rated. Thus then, according to 
Newton, the refraction mull be towards the perpen¬ 
dicular, when the velocity is incrcafcd; contrary tb 
the law of Fermat and Leibnitz. 

Maupertuis has attempted to reconcile Newton's 
explanation with metaphyiical principles. Iuitcad of 
foppofing, as the aforefaid gentlemen do, that a par¬ 
ticle of lift t proceeds from one point to another in 
the (horteft time poffiblc 5 he contends that a particle 
of light pafles from one point to another in fuch a 
manner, that the quantity of aft ion (hall be the leait 
poflible. This quantity of aftion, fays he, is a real 
expence, in which nature is always frugal. In virtue 
of this philnfophicai principle he difeovers, that not 
only tht fines are in a conllant ratio, but alfo that they 
are in the tnverfe ratio of the velocities, according to 
Newton’s explanation, and not in the direct ratio, as 
had been pretended hy Fermat and Leibnitz. 

It is icmarkable that, of the many pliilofophcrs who 
have written on refraction, none Ihould have fallen 
tipon fo fimple a manner of reconciling metaphylks 
with mechanics; fincc no more is neceffary to that, 
than making a linall alteration in the calculus founded 
upon Fermat’s principle. Now according to that 
principle, the time, that is, the fpace divided by the 
velocity, fhould be a minimum; fo that calling the 
fpace run through in the firft medium S, with the 
velocity V, and the fpace run through in the fecoud 


medium /, with the velocity v, we (hall have — 4 - — 

V v 


, . . S / s 

rr a minimum; that is to fay, — + - = o, or — =s — 

V v V 


—. Now it is cafy to perceive, that the fines of inci¬ 
dence and refrnftion are to each other, as h to—r; 
whence it follows, that thofc fines are in the direft 
ratio of the velocities V, v ; which is exaftiy what 
Fermat makes it to be. But in order to have thofe 
fines to be in the inverfc ratio of the velocities, it is 
only fuppofing VS-frv/ = o; which gives SV + 
*«orS X V 4 -jxva minimum: which is Mauptr- 
tuis’s principle. 

In the Memoirs of the Academy of Berlin, above 
cited, may be feen all the other a||dications which 
Maupertuis has made of thW principle. And whatever 
may be determined as to his metaphyfical bafis of it, as 
alfo to the idea he has annexed to the quantity of ac¬ 
tion, it will fiill hold good, that the product of the 
fpace by the velocity is a minimum in fome of the 
mod general laws of nature. 

ACTIVE, the quality of an agent, or of communi¬ 
cating motion or action to fome body. In this fenfe 
the word (lands oppofed to paQtve: thus we fay an 
aftive caufe, active principle, ftc. 

Sir Iiaac Newton (hews that the quantity of motion 
in the wotld rnuft be always decreafing, in confequence 
•of the vis iuerti*, flic. So that these is a ncccffity for 


certain aftive principles to recruit it t fuch he takes the 
caufe of gravity to be, and the caufe of fermentation ; 
adding, that we fee but little motion in the univerfe, 
except what is owing to thefe aftive principles. 

ACTIVITY, the virtue or faculty of afting. A* 
the aftivity of an acid, a poifuu, &c : the aftivity of 
fire exceeds all imagination. 

According to Sir Ifaac Newton, bodies derive their 
aftivity from the principle of attraftion. 

Sphere of Activity, is the fpace which furrounds 
a body, as far as its efficacy or virtue extends to pro¬ 
duce any fetifible eflVft. Thus vve fay, the fpherc of 
aftivity of a load Hone, of an eleftric body. See. 

AvTTBENE, in jf/iroimmy, the Arabic name of a 
ftir of the fourth magnitude, in the iouthern claw of 
Cancer, marked a by Bayer. Its longitude for 1761, 
St io° 18' y", null latitude 5* 5' 56". 

ACUTE, or fharp ; a term oppnfed to obtufe. 
Thus, Acute Angle, in Geometry , is that which is lefs 
than a right angle; and is meafured by lefs than 90°, 
or by lefs than a quadrant of u circle. As the angle 
ABC. 



Acute angled Triangle* is that whofe three angles 
arc all acute; and is otherwife called an oxygenous 
triangle. As the triangle D E F. 

Acute -angled Cone, is that whofe oppofite fides 
make an acute angle at the vertex, or whole axis, in a 
light cone,-makes lefs than half a right angle with the 
fide As the cone G H I. 

Pappus, in his Mathematical Colleftions, fays, this 
name was given to Inch a cone hy Euclid and the an¬ 
cients, before the time of Apollonius. And they 
called an 

Acute -angled Sell ion nf a Cone, an F.iiipfis, which 
was made by a plane cutting both lidts of an acute- 
angled cone: not knowing that fuch a faction could 
be generated from any couc whatever, till it was fiiewn 
by Apollonius. 

Acute, in Muftc, is underftood of a tone, or found, 
which is high, (harp, or thrill, in refpeftof fome other: 
in which fenfe the word (lands oppofed to grave. And 
both, thefe founds arc independent of loudm fs or force: 
fo that the tone may be acute or high, without being 
loud ; and IoikI without being high or acute. For 
both the affections of acute and grave, depend intireiy 
on the quicknefs or flownefs of the vibrations by which 
they are produced. 

Sounds conhdcrcd as grave and acute, that is, in the 
relation of gravity and acutenefs, conilitute, what is 
called tune, tiic foundation of all harmony. 

ADAGIO, in Mufic, one of the terms ufed hy the 
Italians to exprefs a degree or diilinftion of time. 

Adagio denotes the flowed time except grave. 

Sometimes the word is repeated, as adagio y adagio* 
to denote a dill dower time than the former. 

Adagio 
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Adagio alfo fignifies a flow movement) when ufed When a great number of feparate fttm.i or numbers 
fubftantivcly. are to be added, as in long accounts, it is cafier to 

AD*\MAS, in Aftrohgy, a name given to the moon, break or feparate them into two or more parcels, which 
ADAR, in the Hebrew Chronology is the 6th month are added up fevcrally, and then their (urns added to« 
of their civil year, but the i zth of their ecdefiaftical gether for tlic total fum. And thus alfo the truth of 
year. It contains only 29 days ; and it anfwers to our the addition may be proved, by dividing the numbers 
February; but fometimes entering into the month of into parcels diflerent ways, as the totals mull be the 

March, according to the courfc of the moon. fame in both cafes when the operation is right. 

ADDITION, the uniting or joining of two or more Another method of proving addition was given by 
things together; or the finding of one quantity equal Dr. Wallis, in his Arithmetic, publiflied 1657, by call* 
to two or more others taken together. fng out the nines, which method of proof extends alfo 

Addition, in Arithmetic, is the firll of the four fun- to the other rules of arithmetic. The method is thist 

damental rules or operations of that fcience; and it add the figures of each line of numbers together fe- 
confifts in finding a number equal to feveral others ve rally, calling out always 9 from the fums as they 
taken together, or in finding the mod fimple expreffion arife in fo adding, adding the overplus to the next 
of a number according to the ellablilhed notation. The figure, and fetting at the end of each line what is over 

quantity fo found equal to feveral others taken toge- the nine or nines; then do the fame by the fum-total, 

tlicr, is ironed their fum. as alfo by the former cxcefles of 9, fo (hall the lalt cx- 

Thc figu or character of addition is + , and is called ceffes be equal when the work is right. So the former 

plus. This charafter is At between the quantities to example wiil be proved as below; 
be added, to denote their Aim : thus, 3 -$-6 = 9, that 


is, 3 plus 6 are equal to 9; and 2 + 4 + 62= 

12,* 

3=9 

1 • 

j 

that is, 2 plus 4 plus 6 are equal to 12. 


1562 

o\ 

5 

.Simple numbers are either added as above; 

6 

20347 

1 Us 

O 

7 

or clle by placing them under one another, as 

4 

712048 

02 

4 

in the margin, and adding them together, one 

2 

y 

* 


after another, beginning at the bottom; thus 2 
and 4 make 6, and 6 make 12. 

12 

734286 

U4 

3 


Compound numbers, or numbers confuting of more 
figures than one, are added, by firft ranging the num¬ 
bers in columns under each other, placing always the 
numbers of the fame denomination under each other, 
that is, units under units, tens under tens, and fo on ; 
and then adding up each column feparatoly, beginning 
at the right hand, jetting down the fum of each column 
below it, uulcfs it amount to ten or fume number of 
tens, and in that cafe fetting down only the overplus, 
and carrying one for each ten to the next column. 
Thus, to add 451 and 3*6, 

45 1 1 that is / 4CO + yo + 1 
326 J l 30c 4-20 + 6 

Sum 777 = 700 + 70 + 7 


Alfo to add the numbers 329 + 1 562 
-+ 203^7 + 712048; f et them down as 
in the margin, and beginning at thclowell 
number on the right baud, fay 8 and 7 
make 15, and 2 make 17, and 9 make 
26 ; fit down 6, and carry 2 to the next 
column, laying 2 and 4 make 6, and 4 
make to, and 6 make 16, and 2 make 
18 ; fet down 8, and carry 1, faying 1 and 
3 make 4, and 5 make 9, and 3 make 12 ; 
fet down 2, and carry j, faying 1 and 2 
make 3, and t make 4, which let down; 
then 1 and 2 make 3; and 7 is 7 to fet 
down : fo the Ann of all together is 
734286. Or it is the fame as the Aims 
of the columns fet under one another, as 
in the margin, and theu theft added up in the fame 
manner. 


When the numbers are of different denominations ; 
as pounds, (hillings, and pence; or yards, feet, and 
inches ; place the numbers of the fame kind under one 
another, as pence under pence, (hillings under (hillings, 
&c; then add each column feparatcly, and carry the 
overplus as before, from one column to auother. As 
in the following examples: 


h 

t. 

i. 

Yards. 

Feet. Inches. 

271 

12 

1 

2*/I 

10 3 

9+ 

H 

7 

3 6 

2 7 

4* 

5 

10 

14 

2 f 

408 

12 

8 fums 

r / 

3 Z 3 

0 3 


Addition of Decimals, is performed in the fame 
manner as that of whole numbers, placing the numbers 
of the fame denomination under each other, in which 
cafe the decimal Aparating points will range llraiaht 
in one column; as in this example, to add together 
thefe numbers 371*0496 + 25*213 + i'7C4 + 924:6* 
+ •0962. 

371*0496 

2 >* 2‘3 

1*704 

924*61 

•0962 


The fum 1322*6728 


Addition of Vulgar FraBions , is performed by 
bringing all the propofed fractions to a common deno¬ 
minator, if they have different ones, which is an indif- 
pcnfablc prepat at ion; then adding all the numerators 
2, together,. 


3*9 
1562 

2 °347 

712048 

734286 

26 

16 

11 

3 


734286 
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together, and placing their fum over the common de¬ 
nominator for the fum total required. 

So 4 + ? = f. And t + a + ? = ? = ij. 
And « + § = *■ 4- ? = fr=li-. 

And } + | of i = * 4 £ = | = f = if. 

Aiul i of 4 + | of 5 = i + l , a = + It * 

(V - IT 

il — 3 *4* 

ADDITION hi stfcebra, or the addition of inde¬ 
terminate quantities, denoted by letters of tl*c alphabet, 
is performed by connecting the quantities together by 
their proper figns, and uniting or reducing fitch as are 
fufceptible of it, namely limilar quantities, by adding 
their co-efficients together it the tigns art the fame, but 
fubtradting them when different. Thus the quantity 
a added to the quantity b, makes a + l ; and a joined 
with— b, makes a—b; alfo— a and — b make —a — b; 
and 3 a and 5 a make 3 a -}- 5 a or 8 it, by uniting 
the funilar numbers 3 and 5 to make 8. 

Thus alfo 3 a + 2 /r — 4 u^b + < 3 

added to 2 a — 2 be 43 «*3 4 - 2 c 3 , 

makes - 5 it o — a 1 // + 3 <. J 

„ 4 a 2 a 6a 2a 

Alfo 

3 e 3 <r 3c c 

and 3 */ac 4- 5 4 /“c — t ^ v 'ur = 6\^ f ac% 
and a^/ac + b*/ac = a + b K /ac or (a+b) 4Arc; 
and 5 a* + 7v^u 1 —'v* = 
and 64/3 + 44/3-24/3 = 8^3} 



3 " + 7 

\ /2x + lz 

■ 2 ,,! K /2X I44/ 2.V 


eUHl 

a + 

X L 

I 4 - X D + 2 ’ 


and 

8 «ax 

. t fa Jax 

4 - --— : 

_ 8« 4- it»c^/ax 

V 


a 4* 2C 

a 4- -2c 

~ a + 2c ~~ 

and 

_ 1 

gax 

8 ax qeix 



2C 

2 e 

2C c * 


and 

— a tf x 

II 

'V 

1 

— (a + b) 4/*} 


and 

+ 3 ~ 

2 = 1 { and 

- 34 - J = -I; 


and 

•jax 

1 

4 ax - t acx 

c be 

ialx 

~ — = ( 7 C ~**J 

ax 

JP 


• In the addition of furd or irrational quantities, they 
mutt be reduced to the fame denomination, or to the 
fame radical, if that can be done; then add or unite 
the rational parts, and fubjoin the common furd. 
Oiherwifc connect them with their own figns. 

So 4/b 4 - 4/18 = 4/4 X 2 4 - 4/9 X 2 — 2/2 

+ 3 v'2~=5v / a”= Vioi 

and k /ii + 4/17 = v'Txl + 4/9 x 3 = 24/3 

+ 3s/3 = 5\^3 = 4/75 ? 

and 4/504- 4/75 = 4 /z > X 2 4 - 4/25 x 3 = 54/2 

+ Sb/i = (4/2 + 4/3) J5 

but of 4/5 and 4/6 the fum is fet down 4/5 4- 4/6, 
hecaufe the terms are incommenfurablc, and not redu¬ 
cible to a common furd. 

Addition of Logarithms. See Logarithms. 


Addition tf Ratios, the fame as compolUion oF 
ratios; .which fee. 

ADDITIVE, denotes fomething to be ^dded to 
another, in contradiftinflion to fomething to be taken 
away or fubtrafted. So ailronomeis fpeak of additive 
equations, and geometricians of additive ratios. 

ADE 1 .ARD, or Athklard, was a learned monk 
of Bath, in England, who flourilhcd about tiie year 
j 130, as appears by fomc manuferipts of his in Corpus 
Chrifti, and Trinity Colleges, Oxford. Voflius fays He 
was uiiivcrfallv learned in all the fclences of his tune; 
and that, to acquire all forts of knowh dge, he travel! -.1 
into France, Germany, Italy, Spain, Egypt, and Ara¬ 
bia. lie wrote many books himfelf, and traulatcd 
others from different languages: thus, he transited, 
from Arabic into Latin, Euclid’s Elements, at a time 
before any Greek copies had been diicovered ; alfo 
Ktichiafavim, upon the feven planets. He wrote a 
bock on the fevcu liberal arts, another on the afttoi be, 
anotheron the cattles of natural compolitiuns, bellies 
fcveral on phvfics and on medicine. 

Although Voflius refers to Oxford for fonre of tbrfe 
manuferipts, it would yet fetm they were not to be 
found there in Wulli.’s time ; fortbe 1) oft or, fpeaking 
of this author, and otiier Englilh authors and t rasellers 
about the fame age. fays, “ A particular account ui 
thefe travels of Shelley and Motley was a while finer 
to be feen in two pivf.ices to two tnauufcript books 
of theirs in the library of Curpus-Chrilti College in 
Oxford, but hath lately (by Come unknown band) been 
cut out, and carried away ; which prefaces (one or both 
of them) did alfo make mention of the trawls of Athc- 
lardus Bathonictifis, and are, to that purpufe, cited by 
Voflius out of that manufeript copy. Whoever lratb 
them, would do a kindnefs (by fome way or other) to 
rcftorc them, or at leail a copy of them.” Wallis’s 
Algebra, pa. 6. 

ADELM, Aldhelmvs, or Althelmvs, a learned 
Englifhman, who flourilhed about the year fib’o. He 
was firft abbot of Malniflniry, and afterward bifhop of 
Shirburn. He died in the year 709, in the mouaitery 
of Mai in (bury. 

Adel in was the fon of Kcnred or Kenten, who was 
the brother of Ina, king of the Welt Saxons in Eng¬ 
land. Bcfide certain books in theology, lie eompofed 
fcveral on the mathematical faiences St c ; as Arithmetic, 
and Allrology, and librum de philofophorum dilciplinis. 
See Bede’s Hiftory, lib. 5. cap. 19. He is alfo mention¬ 
ed by Bale and William of Malmfbury. 

ADERAIMIN, or Aldf.kaJmin, the Arabic name 
of a liar of the third magnitude, in the left (houlder of 
Cephcus, marked a by Bayer. Its longitude for 1761, 
Y 9 0 30' b" north latitude 68° y6 ; 20”. 

ADFECTED, fee Affected. 

ADHESION, Adherence, in Phvfics, is the flate 
of two bodies, joined or fattened together, whether by 
mutual attraction, the interpofltion of their own pans, 
or the impulfc or prefiiire of external bodies. See 
Cohesion. 

Tims two hollow hemifpheres, exhaufted of air, are 
made to adhere firmly together by the preflurc of the 
atmofpherc on their convex or external ftirfaccs; for 
if they arc introduced into an exhaufted receiver, they 
prefeutly (all alunder. ALb two very w’ell polilhed 

planes 
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planes adhere firmly together, partly by the external 
preffure of the atmofphere, and partly by the attra&ion 
of their parts. 

In No. 389 of the Philof. Tranf. Dr. Pefaguliers 
has given experiments of the adhefion of leaden bullets 
to each other: the caufe of which he refolves into the 
principle of attraction. 

M. Muflchenbroeck, in hiq, Efiai dc Phyfique, has 
given a great many remarks on the adhefion of bodies, 
and relates various experiments which he had made 
upon this matter, but chiefly relative to the rcflftance 
made by bodies to fraCturc, in virtue of the adhefion of 
their parts; which adhefion he aferibes principally to 
their mutual attraction. Common experiments prove 
the mutual adhefion of the parts of water to each other, 
as well as to the bodies they touch. The fame may be 
faid of the particles of air, on which M. Petit has a 
memoir among thofe of the Paris Academy of Sciences 
for the year 1731. 

Some authors however arc not willing to admit that 
the adhefion of the pans of water, or indeed of bodies 
in general, is to be attributed to the attraction of their 
parts, and they rtafon thus: fuppofe, fay they, that 
attraction aCts at any fmall diflance, as for example to 
the diflance of one-tenth of an inch, from a particle of 
water: and about this particle deferibe a circle whofe 
radius is one-teuth of an inch: then the particle of 
water will be attracted only by the particles included 
within the circle ; but as thefe particles aCt in contrary 
directions, their mutual effeCts mufl deftrov one another, 
and there can be no attraction of the particle, fince it 
will have no more tendency one way than another. 

ADH 1 L, in y IJironomjty a flar, of the fixth mag¬ 
nitude, upon the garment of Andromeda, under the 
lait liar in her foot. 

ADJACENT, whatever lies immediately by the flue 
of another. 

Adjacent Angle, in Geometry, is faid of an angle 
when it is immediately contiguous to another, fo that 
they have both one common fide. And (he trim is 
more particularly ufed when the two angles have not 
only one common fide, but alfo when the other two 
tides form one continued right line. 

Adjacent bodies, in P hypes, aie undetflood of thofe 
that are near, or next to, fomc other body. 

ADJUTAGE, or rather AJUTAGE; which fee. 

ADSCRIPTS, in ‘Trigonometry, is ufed by fome 
mathematicians, for the tangents of arcs. Victa calls 
them alfo pro fine.'. 

ADVANCE- Fosse, in Fortification, a ditch thrown 
round the efplanadc or glacis of a place, to prevent its 
being fiirprifcd by the heiiegers. 

The ditch fometimes made in that part of the lines 
or retrenchments nearefl the enemv, to prevent him 
iioin attacking them, is alfo called the advance-fofle. 

The advance-fofle fhould always be full of water, 
othenvife it will ferve to cover the enemy from the fire 
of the place, if he fhould become matter of the fofl'e. 
Beyond .the advance-fofle it is ufual to couflruiSl lu¬ 
nettes, redouts, &c. 

ADVENT, Advent us, in the Calendar, the time im¬ 
mediately preceding Chrillmas; and was ancicutly em¬ 
ployed in pious preparation for the adventus, or coming 
on, of the feafl of the Nativity. 

7 


Advent includes four Sundays, or weeks; corf*, 
mencing either with the Sunday which falls' 6n 
St. Andrew’s day, namely the 30th day of November, 
ot the nearefl Sunday to that day, either before or 
after. 

AilO LI PILE, AEolip'tle, in Hydraulics, a hollow ball 
of metal, with a very fmall hole or opening; chiefly 
ufed to (hew the convertibility of water into elaftlc 
fleam. The beft way of fitting up this inflrument, is 
with a very Gender neck or pipe, to ferew on and off, 
for the convenience of introducing the water into the 
infide} for by unforewing the pipe, and immerging 
the ball in water, it readily fills, the hole being pretty 
large ; and then the pipe is ferewed on. But if the 
pipe do not ferew oft’, its orifice is too fmall to force its 
way in againft the included air; and therefore to expel 
roof! of the air, the ball is heated red hot, and fuddenly 
plunged with its orifice into water, which will then 
rufh in till the ball is about two-thirds filled with the 
water. The water having been introduced, the ball is 
fet upon the fire, which gradually heats the contained 
water, and converts it into elaflic fleam, which rufhes 
out by the pipe with great violence and noife; and thus 
continues till all the water is fo difeharged; though 
not with a conftant and uniform blaft, but by fits: 
and the ftrongcr the fire is, the more elaflic will the 
fleam be, and the force of the blaft. Care fhould be 
taken that the ball be not fet upon a violent fire with 
very little water in it, and that the fmall pipe be not 
flopped with any thing; for in fuch cafe, the included 
elaflic fleam will fuddenly burft the ball with a very 
dangerous explofion. 

This inflrument was known to the ancients, being 
mentioned by Vitruvius, lib. l. cap. 6. It is alfo 
treated of, or mentioned, by feveral modern authors, 
as Defcartes, in his Meteor, cap. 4; and Father Mer- 
fennus, in prop. 29 Phxdom. l'neumat. ufes it to weigh 
the air, by firit weighing the inllrument when red hot, 
and having no water in it ; and afterwards weighing 
the fame when it becomes cold. But the concluiion 
gained by this means, cannot be quite accurate, as 
there is fuppoftd to be no air in the ball when it is 
red hot ; whereas it is fliewn by Varenius, in his 
Geography, cap. 19, feci. 6, prop, to, that the air is 
rarefied but about 70 times ; and confequently the 
weight obtained by the above procefs, will be about 
onc-yotli too fmall, or more or lefs according to the 
intentity of the hent. 

In Italy it is laid that the Asolipile is often ufed to 
cure fmouky chimneys: for being hung over the fire, 
the blait arifing frotn it carries up the loitering fmoke 
along with it. I 

And fome have imagined that the xolipile might 
be employed as bellows to blow up a five, basing the 
blaft from the pipe dirt-fled into the lire: but expe¬ 
rience would loon convince them of their mi Hake; for 
it would rather blow the fire out than up, as it is not 
air, but rarefied water, that is thus violently blast n 
through the pipe. 

yEOLUS, in Mechanics, a fmall portable machine, 
not long fince invented by Mr. Tidd, for refrelbing 
and changing the air in ruoms which arc made too 
clofe. 

The machine is adapted to fitpplv the place of a 

fquAro 
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fijuare of glafa in a fafh-window, where it works with 
little or no noife, on the principle of the fails of a mill, 
or a fmoke-jack ; and thus admitting an agreeable 
quantity of air, at a convenient part of the room. 

-Aiocvs’j Harp, or JEuYtan Harp , an inftrument fo 
named, from its producing an agreeable melody, merely 
,l>y the a&ion of the wind. 

Neither the age nor inventor of this inftrument are 
very well known. It is not mentioned by Merfennus 
in his Harmonies, where he deferibes moil forts of 
mufical inftruments: and yet the drfeription and ufe of 
it was given foon after, by Kirehcr, in bis book, Magia 
Phenotadlica & Phonmgia. 

The coni! ruction of this in ft ru merit is thus; let a 
box be made of as thin deal as pofiible, its length an- 
fwering exaflly to the width of the window in which it 
is to be placed ; five or iix inches deep, and feven or 
eight inches wide. Acvofs the top, jtnd near each 
end, glue on a bit of wainfeot, about half an inch 
high, and a quarter of an inch thick, to fern* as two 
bridges for the firings to be ilrctched over, by means 
of pins inferted into holes a little behind the bridges, 
nearer the ends, half the number being at one end, and 
half at the other end: thefe pins arc lih • thofe of a 
liarpftchord ; and for their better fuppott in the thin 
deal, a piece of beech of about an inch fquare, and 
length equal to the breadth of ibe box, is glcwcd on 
the.infide of the lid, immediately under the place of 
the pins, the holes for receiving them being bored 
through this piece. It is fliung with fmall catgut, 
or blue firft fiddle firings, more or lefs at pleafure, on 
the outfidc and lengthways of the lid, fixing one end 
to one of the fmall pins, and twifting the other end 
about the oppofite or firetching pin. A couple of 
found-holes are cut in the lid ; and the thinner this is, 
the better will be the performance. 

When the firings are tuned utiifnn, and the inftrtt- 
ment placed, with the top or flringcd fide outwards, in 
the window to which it is fitted, the air blowing upon 
that window, the indrument will give a found like a 
elitlant choir, increafmg or decreafing according to the 
flrength of the wind. 

-/ERA, in Chronology, is the fame as epoch, or 
epocha, and means a fixed point of time, from which 
to begin a computation of the years enfuiug. 

The word is fometimes alfo written era in ancient 
authors Its origin is contcfUd, though it is generally 
fiuppofed that it had its rife in Spain. Some imagine 
that it is formed from a, er. a. the abbreviations of the 
words, annus erat Angujli, or from -/. e. r. a. the initials 
of tlip woids annus erat rrgui Augujli, bccaufe the 
Spaniaids began their computation from the time that 
their country came under the dominion of Augiiftns. 
Others derive it from ss, brafs, the tribute money with 
which Augtiftus taxed the world. It is alfo faid that 
mra originally fignilicd a number damped on money to 
determine its current value And that the ancients 
ufed as or ara as an article, as we do the word item, to 
each particular of an account ; and hence it came to 
Hand for a fum or number itielf. 

./Era alfo means the way or mode of accounting 
time. Thus we fay fuch a year of th<^ Chnitian 
swa, &c. 

Spanjb JEka, otherwife called the year of Cscfar, 
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was introduced after the fecond divifion of the Roman 
provinces, between Atlguftus, Anthony, and Lepidus, 
in the 714-th year of Rome, the 45576th year of the 
Julian period, and the 38th year before Chriil. In the 
447th year of this ara, the Alani, the Vandals, Suevi, 
&c, entered Spain. It is frequently mentioned in the 
Spanifli affairs; their councils, and other public afts, 
being all dated according.to it. Some fay it was abo- 
1 idled under Peter IV, king of Arragon, in the year of 
Chriil 1358, and the Cliritfian a;ra introduced itiflead 
of it. llut Mariana obferves that it ceafed in the 
vear of Chrift 1383, tinder John I, king of Callile. 
The like was afterwards done in Portugal. 

Cbriflian -/Era. It is generally allowed by Clirono- 
logcrs, that the Computation of time fioin the birth 
of Chriil, was only introduced in the lixth century 
in the reign of Jullir.iju ; and it is commonly ai- 
cribed to Dionyfius Exigutw. 'i’hir :via came then 
into life in deeds, and inch like; bcfu’c which time 
either the olympiads, th • year of Rom/, ot th it of ti e 
reign of the emperors, was nled ft.r Inch purpofes. 

See an account of the otliei principal xra» under the 
word Epoch. 

AER IA I. Perfpefiivc, is tint which rtprcfcntr bo¬ 
dies ditnmillied amt weakened, in propoitiou to their 
diftance from the tye. 

Aiiii.il l’erfjjcctive chiefly nfp.rls 1 1 't* colours <>f 
objects, whofe force and !ullr* it dimii flits m re er 
lels, to make them appeal as if more oriels icnmtc. 

It is founded upon this, that the longer the (-.-’■urn 
of air an object is kill through, the more leiblj tin the 
vilu.al rays emitted front it affect the eye. 

AEROGRAPI 1 Y, a thleiiption of the air, orat- 
mofpherc, i*s limits, ditm ttlioiis, properties, ftr. 

AEivOLuGY, ill doctrine or lei-nee of the air, 
and its paamomi mi, its properties, good and bad qua¬ 
lities, £ce. It is m.i h the lame with the foregoing 
wold, Acrograpi . 

AEK OM 1 .TR V, Herometria, the fciencc of mea- 
fuviii,, tlie air, its powers and prcvwti- s ; compribend¬ 
ing not only the quantity id' the air it'VH, ns a fluid 
bod; , bu* alfo its picffure or welgi.t, its dailicily, 1 ..re¬ 
faction, eondenfution, G/c. 

The term is net naildi tiff 1 ;.t iinf.nt ; this hi am h 
of nutuinl philoiophy beir-^ iii.nl.y callid piiemnatier, 
which l<-e. Wollins, hue pi01 fl-.r id" mathematics at 
I sail, having reduced feveral n-ont 1 : ie«. of the ah to 
geometrical dentonftrations, lii ll puhlilhed at I,e ; I his 
Elements of Aeromtiry, in the German language, 
and afterwards more enlarged in lx n, which bate 
Cnee been inferted 111 his C.ttrJus JMuthemalicns , in live 
volumes in 4U1. 

AERONAUTIC A, the pretended art of failing 
through the air, or atmofphcrc, in a veiled, fullaiued as 
a fliip in the fea. 

AEROSTATICA, is properly the dofliino of the 
weight, pre-fltire, and balance- of the air and atino- 
fpheie. 

AEROSTATION, in its proper and primary fenfe, 
denotes the fciencc of weights fufprtidcd in the atr j 
but in the modern application of the tcim, it lignilira 
thi ail of navigating or floating in the air, Loth as to 
the prnftice and principles of it. Hence alfo the ma¬ 
chines which arc employed for this purpoft, ate called 

aeroJLits, 
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4 ,'rnjfals, or arrojlat'ic machines; and which, on account 
of their round and bell-like fhape, are otherwife called 
air balloons . Alfo aeronaut is the name given to the 
perfon who navigates or floats in the air by means of 
l’uch machines. 

Principles of Aerostation. The fundamental prin¬ 
ciples of this art have been long and generally known, 
as well as fpeculations on the theory of it; but the 
fuceefsfut application of them to prafiicc fcetr.s to be 
altogether a modern difeovery. Thefc principles.chiefly 
rcfpcA the weight or p re (hi re, m;d elaflicity of the air, 
with its fpecific gravity, and that of tlie other bodies to 
be railed or floated in it: the particular detail of which 
principles may he fetn under tlie refpcAive words in 
this dictionary. Suffice it therefore in this place to 
ohfci ve, that any body u inch is 1'pecilically, or bulk for 
bulk, lighter than tlie atmofphere, or air cncom raffing 
the eatth, will be buoyed up by it, and afeend, like as 
wood, or a coik, or a blown bladder, afeends in water. 
And tnus the body would continue to afeend to-the 
top of the atmofphere, if the air were every where of 
the fame deniity as at the furface of the earth. Hut a* 
the air is eompreflible and elaftie, its deniity dccreafcs 
emit muallv in attending, on account of the dimiui/hed 
prefTnie of the fuperincumbent air, at the higher ele¬ 
vations above the earth; and therefore the body will 
afeend only to furh height where the air is of the fame 
ipeeitie gravity with itfelf; where *hc body will float, 
and move along with the wind or iiment of air, which 
it may meet with at that height. This body then is 
-n aerott.itit: machine, of whatever form or nature it 
may be. And an air-balloon i.s • joi’.y of this kind, 
the whole rruifs of which, in. Hiding its covering and 
contents, and the weights ; .nie-.ed to it, is of Jcfs 
weight than the fame bulk of an i . wh : -h it rifes. 

We know of no It>lid houits 1 wever that are light 
enough thus to afeend and float in *! .nmnipbere ; and 
therefoie leecnle mull be had to four i 1 ir atrifoim 
fub'.lanee. 

Among thefo, that which is Called inflammable air 
is the mod proper f ''any that have hithtno bee-' dif- 
tovcieti. It is very eltflic, and from fix to tenor 
eleven time* lighter than common atmufpheric air at 
rise- furface of the ,sn h, ;.< Cording to the 'ifl’erer* 1 
Jilt tli ds of preparing it J. herefore a fuffieient qm u- 
rit; «. r this kii. i of a’ V inclufed in any thin bag < r 
co\e>- : "g, the weight o. the two together will be* left 
than .u: weight of the fame bulk of common air j 
and conk-qucnt 1 * this compound mafs will rife in the 
atmofphere, and continue to afeend till it attain a height 
at which the atmofphere is of the fame fpecific gravity 
as itfelf; where it will irmain or float with the current 
of air, as long as the inflammable air does not efeape 
through the pores of its covering. And this is an in¬ 
flammable air-balloon. 

Another way is to make tife of common air, render¬ 
ed lighter by warming it, in Head of the inflammable 
air. Heat, it is well known, rarefies and expands 
common air, and confequently lcffens its fpecific gra¬ 
vity ; and the diminution of its weight is propbrtional 
to the heat applied. If therefore the air, inclofcd in 
any kind of a bag or covering, be heated, and confe¬ 
quently dilated, to fuch a degree, that the excels of 
the weight of an equal bulk of common air, above the 
Vol. 1 . 


weight of the heated air, be greater than the weight 
of tne covering and its appendages, the whole com* 
pound mafs win afeend in the atmofphere, till, by the 
diminiflied deniity qf the furrounding air, the whole 
become of the fame fpecific gravity with the air in 
which it floats ; where it will remain, till, by the cool¬ 
ing and conden&tion of the included air, it /hall gra¬ 
dually contrail and defeend again, unlefs the heat ia 
renewed or kept up. And fuch is a heated air-balloon, 
otherwife called a Montgolfier, from its inventor. 

Now it has been difcovcred, by various experiments, 
that one (legate of heat, according to the fcale of 
Fahrenheit’s thermometer, expands the air about one 
live-hundredth part; and therefore that it will require 
about <;oo degrees, or nearer 4S4 degrees of heat, to ex¬ 
pand the air to juil double its bulk Which is a de¬ 
gree of heat far above what it is practicable to give it 
on fuch occaiions. And therefore, in this refpeft, com¬ 
mon air heated, is much inferior to inflammable air, 
in point of levity and ufefulncfs for acroftalic machines. 

Upon fuch principles then depends the conilru&ion 
of the two fmts of air-balloons. But before treating 
of this branch more particularly, it will be proper to 
give a flioit hiflorical account of this late-difcovcred 
art. 

//iflory of Aerostat ion. Various fehemes for 
rlfmg in the air, and pTiffing through it, have been de- 
vifed and attempted, both by the ancients and moderns, 
and that upon different piinciples, and with various 
fuccefs. Of thefts fume attempts have been upon 
mechanical principles, or by virtue of the powers 
mechanifm : aud fuch arc conceived to be the inftancea 
related of the flying pigeon made by Archytas, the 
flying eagle and fly by Regiomontanus, and various 
others. Again, other projects have been formed for 
attaching wing* to fome part of the body, which were 
to be moved cither by the hands or feet, by the help of 
mechanical powers ; fo that linking the air with them, 
after the manner of the wings of a bird, the perfon 
might raife himfelf in the air, and transport himfelf 
through it, in imitation of that anitfral. But of thefe 
and various other devices of the like nature, a particular 
account will be given under the article artificialfying, 
as belonging rather to that fpecies or principle of mo¬ 
tion, than t,o our prefect fubjeft of aeroftation, which 
is proper!v the failing or floating in the air by means 
of a machine rendered fpecifically lighter than that 
element, in imitation of aqueous navigation, or the 
failing upon the water in a /hip, or veflcl, which is 
fpecifically lighter than the water. 

The firil rational account that we have upon record, 
for this fort of failing, is perhaps that of our country¬ 
man Roger Bacon, who died in the year 1292. He 
not only affirms that the art is feafible, but aflTures us 
that he himfelf knew how to make an engine, in which 
a man fitting might be able to carry himfelf through the 
air like a bird ; and he farther affirms that there was 
another pc’.fon who had tried it with I’ucctfs. And 
the fecret it feems confided in a couple of large thin 
/hells, or hollow globes of copper, cxhanilcd of air; 
fu that the, whole being thus rendered lighter than air, 
they would fupport a chair, on which a perfon might 
fit. 

Bi/hop Wilkins too, who died is 1672, in fevers! 
F uf 
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»f Ms works, makes mention of fimilar ideas being 
tntertained by divers perfons. “It is a pretty notion 
to this purpofe, fays he (in his Difeovery of a New 
World, prop. 14), mentioned by Albertus de Saxonia, 
and out of him by Francis Mendoza, that the air is 
in fome part of it navigable. And that upon this 
ftatick. principle, any brafs or iron vefTtl (fuppofc a 
kettle), vvliofe fubdance is mtich heavier than that of 
the water ; yet being filled with the lighter air,it will 
fvvim upon it, and not fink.” And again, in his De- 
dalus, chap. 6, “ Scalig> r conceives the framing of 
Aich volant automata to be very eafy* J r oh nils ro- 
lumbx' Mtichinulum, citjus auiorrm s.Irchytam tradunt , vel 
facillime profiler! autieo. Tliofe ancient motions were 
thought to be contiived by the force of fome included 
air : So Gellius, Ita erat fdlicet Vibramentis fufpcnfnm , ilf 
aura fpiritus inclufa , alquc occulta confitum , idc. As if 
there had been fome lamp, or other fire within it, 
which might produce fuel* a forcible rarefaction, as 
fhould give a motion to the whole frame.” From which 
it would 1‘eem that B if hop Wilkins had fome confufed 
notion of fucli a thing as a heated air-balloon. 

Again F. Francifco Lana, in his Prodroma, printed 
in 1670, propofes the fame method with that of Roger 
Bacon, as his own thought. 

He coniidcrcd that a hollow veflel, cxliaufled of 
air, would weigh lefs than wlieu filled with that fluid ; 
he alfo reafoned that, as the capacity of fpherical vcflcls ’ 
increafcs much fafter than their ftyfaee, if there were 
two fpherical veflels, of which the diameter of one is 
double the diameter of the other; then the capacity 
of the former will be equal to 8 times the capacity of 
the latter, but the furfaceof that only equal to 4 times 
the furfacc of this: and the one fpherc have its diame¬ 
ter equal to triple the diarmter of the other ; then the 
capacity of the greater will be equal to 27 times the 
capacity of the lefs, while its fnrface is only 9 times 
greater: and fo on, the capacities inercafing as the 
cubes of the diameters, while the furfaccs increafe only 
as the fquares of the fame diameters. And from this 
mathematical principle, father Lana deduces, that it is 
pofliblc to make a fpherical veflel of any given matter, 
and thicknefs, and of fucli a fi/.e as, when emptied of 
air, it will be lighter than an equal hulk of that air, 
and confcgiicntJy that it will afceml in that element, 
together with fome additional weight attached to it. 
After fluting thelje principles, father Lana computes 
that a round veflel of plate brafs, 14 feet in diameter, 
weighing 3 ounces the lquare foot, will only weigh*i 84 8 
ounces ; whereas a quantity of air of ilie f.une hulk will 
■weigh 2155$ ounces, allowing only one ounce to the 
cubic foot; fo that the globe will not only he fullaincd 
in the air, hut will alfo carry up a weight of 307 \ 
ounces: and by inercafing the bulk of the globe, 
without inercafing the thicknefs of the metal, he adds, 
a velfel might be made to carry a mucii greater weight. 

Such then were the ingenious fpecuhtions of learned 
Irten, and the gradual approaches towards this art. But 
one thing more was yet wanting : although acquainted 
in fome degree with the weight of any quantity of 
air, confidered as a detached Jubilance, it feems they 
were not aware of its great elaflicity, and the univerfal 
preflure of the atmofphere; by which preflure, a globe 
of the dimenfions abbvc-dcfcribcd, and exhauited of ita 
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air, would immediately be cruflied inwards, for want 
of the equivalent internal counter preflure, to be fought 
for in fome element, much lighter than common air, 
and yet nearly of equal preflure or elaflicity with it; a 
property or circumltance attending common air when 
confidcrably heated. It is evident then that the 
fchemes of ingenious men hitherto mull have termi¬ 
nated in mere fpeculation ; otherwife they could never 
have recorded fchemes, which, on the firll attempt to 
put in practice, mull have manifette.d their own infuffi- 
cicncy, by an immediate failure of fuecefa; For iullcad 
of exhaufiing the veflel of air, it mufl either be filled 
with common air heated, or with fome other equally 
elailic and lighter air. 80 that upon the whole it ap¬ 
pears, that the art of traverfing the air, is an invention 
of our own time ; and the vvluile hiftory of it is cj re¬ 
prehended Within a very fliort period. 

The rarefaflion and expanlion of air by heat, is a 

H oly of it that lias long been known, not only to 
ifophcrs, but even to the vulgar: by this means it 
is, that the ftnoke is continually carried up our chim¬ 
neys ; and the effect of heat upon air, is made very 
feiiliblc by bringing a bladder, only partly full of air, 
near a fire ; when the air prefentlv expands with the 
heat, and diilcuds the bladder fo as a!molt to hnrlt it : 
and fo well arc the common people acquainted with 
this effedt, that it is the common, practice of tliofe who 
kick blown bladders about for foot-halls, to bring them 
fiom time to time to the fire, to rclloie the fpring of 
the air, and dillenlion of the ball, loll by the continual 
wafle of that fluid through the fidcs of it. 

But the great levity of inflammable air, is a very 
modern difeovery. As to the inflammable property of 
this air itfelf, it had been long known to miners, and 
efpecially in coal mines, by the dreadful tfTcdls it l'ome- 
tiines produces by its explolions. Among them it is 
fmnetimes vulgailv called fulphur, hut more properly 
the iiic damp, or inflammable damp, to difliuguilh it 
from tlid choak damp, and other dumps, a fpecies of 
air fometimes found in deep wells and mines, and 
which does not explode nor take fire, hut prefen! ly 
extinguifhes candles, • and ftuToeates the pci Tons who 
may happen to go into it. But it feeins that it was Mr. 
Cuvcmlifh who firll difeovered with cxaiflncfs the fpe- 
cilic gravity of inflammable air; and his experiments 
and obfervations upon it, are publifhed in the jfith 
volume of the Philofophical Tranfadlions for the year 
1766. Soon after this difeovery of Mr. Cavendifli, it 
occurred to the ingenious Dr. Black of Edinburgh, 
that if a bladder, or other velfel, fufHeieutly light and 
thin, were filled with this air, it would form altogether 
a mafs lighter than the fame bulk of atmofphcric air, 
and eonfequently that it would afeend in it. 

This idea lie mentioned in his chemical Icchircs in 
the year 1767 or 1768; and he farther propofed to 
exhibit tht experiment, by filling the allantois of a calf 
with fucli air. The allantois however was not prepared 
juft at the time when he was at that pint of his lectures, 
and other avocations afterwards prevented his defign : 
fo that/coniidering it only as an ambling experiment, 
and being fully fatisfied of the truth of fo evident an 
cffedl, he contented liimfclf with barely mentioning 
the experiment from time to time in his lectures. About 
the year 1777 or 1778 too it occurred to Mr. Cavallo, 
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that It might be poffible to conftruift a veiled, which, 
when filled with inflammable air, would afcend in the 
xtmofphere : and there is no doubt but that fimilar ideas 
would occur to many other pcrfons, of fo evident a 
confequcnce of Mr. Cavcndifh’s difeovery. 

Hut it feems to have been Mr. Cavallo who fir ft 
actually attempted the experiment, in which however 
he fucceeded no farther than in being able to raife 
foap bubbles of two or three inches diameter: a thing 
which had been done by children for their amufement 
time immemorial. Thefc experiments Mr. Cavallo made 
in the beginning of the year 1782, and an account of 
them was read at a public meeting of the Royal Society 
on the 20th day of June of that year. From which it 
appears tint he tried bladders and paper of various forts, 
lint the bladders, however thin they were made by 
feraping, &c, were (till found too heavy to afcend in 
the atinwfpbere, when fully inflated with the inflamma¬ 
ble air: and in uftng China paper, he found that this 
air paired through its pores, like water through a fievc. 
And having- failed, of fuccefs by blowing the fame air 
into a thick folution of gum, thick varnifhes, and oil 
paint, he was obliged to reft fatislied with foap.balls or 
bubbles, which, being filled with inflammable air, by 
dipping the end of a finall glafs tube, connected with a 
bladder containing the air, into a thick folution of 
foap, and gently comprefling the bladder, afeended ra- 
pidly in the atmofphcre, and broke again ft the ceiling 
of the room. 

Here however it feems the matter might have refted, 
had it not been for experiments made in France foon 
after, by the two brothers Stephen and Jofejih Mont¬ 
golfier, upon principles fnggclted, not by the levity of 
inflammable air, which probably they had never heard 
of, but by that of fmoke and clouds afeending in the 
at nuifpheiv. Thefc two brothers it feems were natives 
of Annonay, a town in the Vivarais, about 36 miles 
didant from Lyons ; and that in theii youth, Stephen, 
the eider, had allidpoufly iluJicd the mathematics, hut 
the other had applied him felt more particularly to na¬ 
tural philofophy and chcmillry. They were not in¬ 
tended for any particular way of bufiuefs, but the death 
of a brother obliged them to put theinfelvcs ur the head 
of a coulidcrable paper manufactory at Annonay. In 
the intervals of time allowed by their bui'inefs they 
armiled themfelves in federal pltilofophie.il puiTuitr-, and 
partii ularly with the experiments in aeiuil.ttion, of 
which we are now to give fotnc account, it would be 
perhaps impoflible to know all the particular Heps and 
ideas which finally produced this difeovery : but it 
has been laid that the real principle, upon which the 
••(left of the aeroflatic machine depends, was unknown 
even for a confidcrnble time after its difeovery: that 
M. Montgolfier attributed the effcfl of the machine, 
not to the rarefaction of the air, which is the true 
eaufe, but to a certain gas, fpccificully lighter than 
common air, which was fuppoled to be developed from 
binning fiibtlanccs, and which was commonly called 
Montgolfier’s gas. lie this however as it may, it is well 
known that the two brothers began to think of the 
experiment of the aeroflatic machine about the mid¬ 
dle or the latter part of the year 17S2. The natural 
afeenfion ef the fmoke and the clouds in the atmofphcre^ 
fuggdled the firfl idea; and to imitate thofe bodies. 


or to im lofe a -cloud in a bag, and let the latter be 
lifted up by the buoyancy of the former, was the firfl 
project of thofe celebrated gentlemen. 

•Accordingly the firfl experiment was made at Avig¬ 
non by Stephen, the elder brother, about the middle of 
November 1782. Having ptepared a bag of fine 111 k, 
in the fhape of a parallelopipedon, and of about 40 
cubic feet in capacity, he applud burning paper to an 
aperture in the bottom, which rarefied the air, and 
thus formed a kind of cloud in the bag ; and when it 
became fufficiently expanded, it afeended rapidly to the 
ceiling. 

Soon afterwards the experiment waB repeated with 
the fame machine at Annonay, by the two brothers, in 
the open air; when the bag afeended to the height of 
about 70 feet. Encouiaged by this fuccefs, they cou- 
ilruffed another machine, of about 650 cubic feet ca¬ 
pacity ; which, when inflated as before, broke the cords 
which confined it, and after afeending rapidly to the 
height of about 600 feet, defeended and fell on the ad¬ 
joining ground. With another larger machine, of 37 
feet diameter, they repeated the experiment on the 
25 th day of April, which anlwcred exceedingly well: the 
machine had fiich force of afeenfion, that, breaking 
abruptly from its confinement of ropes, it rofe to 
the height of more than I coo feet, ami then, being 
carried by the wind, defeended and fell at a place about 
three quarters of a mile from the place of its afeenfion. 
The capacity of this machine was equal to above 23 
thoufaiid cubic feet, and, being nearly globular, when in¬ 
flated, it meafured 11 7 F.ngliih feet in circumference. 
The-covering was formed of linen, lined with paper; 
and its aperture at the bottom was fixed to a wooden 
frame, of about 4 fed fquare, or 16 feat in fur face*. 
When filled with vapour, which it was conjectured, 
might be about half as heavy as common air, it was 
capable of lifting up about 490 pounds, btTides its own - 
weight, which, togi tlicr w ilh that of tlu- wooden frame, 
was equal to about 5C0 pounds. With this fame ma¬ 
chine the next experiment was publicly performed at 
Annonay, on the 9th of June 17*13, before a great 
multitude of fpecTators. The flaccid bag was fufpe tid¬ 
ed on a pole 35 feet high ; fliaw and chopped wool 
weic burned under the opening at the bottom ; the va¬ 
pour, or lather fmoke, loon inflated the hag, fo as to 
diflend it in all its pails; and this enormous mafs 
afeended in the air with luth velocity, that in lefs than 
teu minutes it 1 cached the height of above 6 tlioufand 
feet , whin a hree?c carried it in an horizontal direc¬ 
tion to the dilt.nice of 7t>6t> feet, or mar a mile and a 
half, where it defeended gently to the ground. 

As to.<u ;is the news of this experiment reached 
lkuis, tile phitofophcis of-that city, conceiving that .1 
new fpccks of gas, of about half the weigh; of com¬ 
mon ait, had hten difeoveud by Meflis. Montgolfier; 
and knowing ’hat the weight c.-f inflammable air was 
but about the eighth or tenth pait of the weight of 
I'lmmou aii, they julfly o.i.eludcd that inflammable 
air would anfwer the purpofo of tin’s experiment bet¬ 
ter than the gas of Montgolfier, and accordingly they 
nlolved to make trial of it. 

A fubferiptiou was opened by M. Faujas Je St. Fond, 
towards defiaying the expeuee of the experiment. A 
fiijlicieut fum of mom-v having foon been raifed, 
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Mefirs. Robert* were appointed to coiiftruA the ma¬ 
chine, and M. Charles, profeffor of experimental philo- 
fophy, to ftipei intend the work. After n ronfiderable 
time fpent, am! furmounting many difficulties in ob¬ 
tainin'; a futficient quantity of inflammable air, and 
fearching out a full (lance light enough for the cover¬ 
ing, they at length conflruftcd a glr.be of the filk called 
lutefiring, vvhu-h was rendered impervious to the in- 
clofed air by avainifli of (hidie gum or caeiitchmir, 
diffolvcd in fome kindoffpiritorefTentialoil. 'The dia¬ 
meter of this globe was about I 3 feet ; and it Had only 
One aperture, like u-bladder, to which a !tnp-cock was 
adapted: and the weight of this covering, when empty, 
together with that of the flop-cock, was 29 pounds. 

On the 23d of Augidl 1783, they began to fill the 
globe with inflammable air ; but this, being tlteir firfl 
attempt, was attended with many obilruftions and dif- 
appointments, which took up two or three days to over¬ 
come. 

At length however it was prepared for exhibition, 
and on the 27th it was carried from the Place des Vic- 
toircs, where it had been ptepared, t6 the Champs de 
Mars, a fpacious open ground in the fiont of the Mili¬ 
tary School, where, after introducing fome more in¬ 
flammable air, and difengaging it from the cords by 
which it <vas held down, it rob-, in lefs than two mi¬ 
nutes, to the height of 3123 feet: tlie fpecifie gravity 
of the balloon, when it went up, being 33 pounds lefs 
than that of common air. At that height the balloon 
entered a cloud, but foon appeared again ; and at laft 
it was loft among other clouds. After floating about 
in the air for about thfec quartets of an hour, it fell in 
a field about 15 miles from the place of its afeent; 
where, as we may eafily imagine, it occafiuncd great 
amazement to the pcafants who found it. Its fall was 
owing to a rent in the covering, jfrobably occafioned 
® by the fuperior claflicity of the inflammable air, over 
that of the rate part of the atmofpherc to which it 
had afeended. 

In cotifequencc of this brilliant experiment, num* 
berlefs ftnall balloons were made, moftly of gold¬ 
beater’s fkin, from 6 and y to 18 ur 20 inches dia¬ 
meter ; their chcapntfs putting it in the power of 
atmofl every family to fatisfv its curiofity relative to 
the new experiment; and in a few days time balloons 
were feen Hying all about Paris, from whence they 
x wcre foon after fent abroad. 

Mr. Jofepli Montgolfier repettd an expeu'ment with 
a machine of liis couflruction before the commilTaries 
of the Academy of Sciences, on the 1 ith and 12th 
of September. The machine wa3 about 74 feet high, 
and 43 feet in diameter; it was made of canvafs, 
covered with paper both within and without, and 
weighed it-OO pounds. It was filled with rarefied air 
in 9 minutes, and in one trial the weight of eight 
men was not fufficieut to keep it down. It was not 
fullered to go up, as it had been intended for ex¬ 
hibition, before the Royal Family, a few day* after. 
fly the violence of the rain, however, which fiU about 
this time, it was fo much fpoiled, that lie thought 
proper to conftrutt another for that purpofc, in which 
he ufed fo great difpatch, that it was completed in 
the fhort fpacc of four days time. This machine 
was conflrudted of cloth made of linnen and cotton 
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thread, and painted with water colour* both within 
and without. Its height was 60 feet, and diameter 
43 feet. Having made the neccfTary preparation for 
inflating it, the operation was begun about one o’clock 
on the tyth of the fame month, bcioic the king 
and queen, the couit, and the inhabitant?, of the place, 
as well as all the Purifians who could pmeure a con¬ 
veyance to Vcrfaiiles. The .balloon was foon filled, 
and in eleven minu'es after the cumnm iiecnwnt of the 
operation, the ropes being cut, it alceuJcd, Inuring 
up with it a wicker cage, containing a cock, a cluck, and 
a (beep, the firfl animals that ever afeended into the 
atmofphe.e with an aciuflaiic machine. Its po;ver of 
afeenlion, or the weight by which it was light, r linn 
an equal bulk of common air, allowing for the miim.tls 
and their cage, was 6y0 poinds. The balloon rofe 
to the height of 2-340 feci ; .aid being driven by the 
wind for the fpacc of ei hi minutes, 11 gradually 
defeended in conlequenee of two huge rents in.,*!'- in 
the covering by the wind, and iel! in a at the, 

iliflance of lO,2ro feet, 01 about two miles from 
Vcrfaiiles. The r.nim.ds kmdeii again i lie .1:, when 
they went ttp, and (be iltcep «?.. found feeding. 

The fucevfs of thir experiment v.i'mvd M. I’iLlrc 
dc Ro/ier, with a philofopluVal i :.t ■ vj ivy e.h.rli will 
he recorded with applaulc in tile hilloiy of .iciotfatioii, 
to ofl'er himfelf as the lirlt adventurer in this iimul na¬ 
vigation. For this purpole M. Mont collier co-ifiruclvJ 
anew machine, of an oval fhape, in a garth 11 ot the 
fauxbotirg St. Antoine ; its diameter being about gf. 
feet, and height 74 feet. To the aperrm. in the 
lower part was annexed a wicker gallery about three 
feet bioad, with a ballufliaue of three fc, t high. 
From the middle of the aperture art iron prate, or 
brazier, was fufpended by chains, defivmling from 
the fules of the machine, in which a fire was lighted 
for inflating the machine ; and toward.-, the aperture 
port-holes were opened in the gallery, through which 
any perfon, who might venture to.afcend, might feed 
the fire on the grate with fuel, and regulate at plea fire 
the dilatation of the air incloftd in the machine : the 
weight of the whole being upwards of 1600 pounds. 
On the »5th of Oftober 1783, the lire being lighted, 
and the balloon inflated, M. P. dc Rozier placed l.nn- 
felf in the gallery, and, to the aflonifhnu nt of a mul¬ 
titude of fpedlators, afeended as high as the length <d 
the rellraining cords would permit, which was :t 
84 feet from the ground, and there kept the machine 
afloat about four minutes and a half, by repeatedly 
throwing ilraw and wool upon the fire : the- machine 
then defeended gradually and gently, through a me¬ 
dium of tnercafing denfity, to the ground ; and the 
intrepid adventurer affured the admiring fpectators that 
he had not experienced the lead inconvenience in 
this aerial excurfion. This experiment was tepeted 
0,1 the 17th with nearly the fame fuceefs; and again 
fevcr.il times on the tyth, when M. P. dc Rozio, by 
a partial afeent and defeent, leveral turns icpctcd, 
evinced to the multitude of obfervm that 'he machine 
may be made to afeend and defeend at the pica hire 
of the aeronaut, by merely increafing or tliminiihir.g 
the fire in the grate. The balloon having been 
hauled down, by the ropes which always confined it, 
M. Gironde dc Villctte placed himtolf in the gallery 
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oppofite to M. de Roller, and the machine being 
futtered to afeend, it hovered for about 9 tntmitcB 
over Paris, in the fight of all its inhabitants, at the 
height of 330 feet. And on their defceiuling, the 
marquis of Arlandes afeended with M. de Rozier 
much in the fame manner. 

In confequence of the report of tliefe experiment*, 
figned by the commifiarics of the Academy of Sci¬ 
ences, it waa ordered that the annual prize of 600 
livres fliould be given to Mefl’rs. Montgolfier for the 
year 1783. 

In the experiments above-rccitcd, the machine was 
always fccured by long ropes, to prevent its entire 
efcape: but they were foon fucceeded by unconfined 
aerial navigation. For this purpofe the fame balloon of 
74 feet in height was conveyed to La Muettc, a royal 
palace in the Bois dc Boulogne: and all things being 
got ready, on the 2 1 it of November 1*83, M. I*, de 
Rozier and the marquis d’Arlandes took their poll in 
nppofitc fides of the gallery, and at 54 minutes after 
one the maehine was abfolu'.ely abandoned to tlie ele¬ 
ment, and it afeended calmly and majtllicn'ly in the 
atmofph'.re. On reaching the height of about 280 
feet the intrepid aeronauts Waved their hats to the 
allonillied multitude : but they foon after rofe too 
high to be dillinguifhed, and it is fuppol’ed they rofc 
to more than 3000 feel in height! At tirll they were 
driven, by a north-well wind, horizontally over the 
river Seine and part of Paris, taking care to clear the 
ileeples and high buildings by incrcafing the fire ; 
and in riling tLey met witls a current of air which 
carried them louthward. Having thus patted the 
Boulevard, and finally defifting from fupplying the 
fire with fuel, they defeended very gently in a field 
beyond the new Boulevard, about 9000 yards, or a 
little more than 5 miles dillant from the palace de La 
Mucttc, having been between 20 anti 25 minutes in 
the air. The weight of the whole apparatus including 
that of the two travellers, was between 1600 and 1700 
pounds. 

Not with Handing the rapid progrefs of acroftation 
in France, it is remarkable that we have no authentic 
account of any experiments of this kind being at¬ 
tempted in other countries. Even in our own ittand, 
where all arts and fcicnces find an indulgent nurfery, 
and many their birth, no aeroilatic machine was feen 
before the month of November 1783. Various fpccil¬ 
lations have been made on the reafuns of this ilrangc 
neglect of fo novel and brilliant an experiment. But 
110.11, feemed to carry any rtiew. of probability except 
that it was laid to be difeouraged by the leader of a 
phi, lophical fociety, exprefsly inllitnted for the im¬ 
provement of natural knowledge, for the reafon, as it 
\va. faid, that it was the difeovery of a neiglibouring 
nation. Be this however as it may, it is a fadt that 
tlicfi.tt aeroilatic experiment was exhibited in England 
by a foreigner unconnc&cd and nnfupparted. This 
was a count Zambeccari, an ingenious Italian, who 
happened to be in London about that time. He made 
a balloon of oilcd-filk, 10 feet in diameter, weighing 
only 11 pounds: it was gilt, both for ornament, and 
to render it more impermeable to the inflammable air 
with which it was to be filled. The balloon, after 
being publicly fhewn for feveral days in JLondon, was 


carried to the Artillery Ground, and there being filled 
about three-quarters with inflammable air, and having 
a direction inclofed in a tin box for any perfon by whom 
it fliould afterwards be found, it was launched about 
one o’clock on -the 25th of November' 1783. At 
half pall three it was taken up near Pet worth in Suflex, 
48 miles dillant from London; fo that it travelled at 
the rate of near 20 miles an hour. Its defeent was 
occafioued by a rent in the filk, which mult have been 
the efiedt of the rarefaction of the inflammable air when 
the balloon afeended to a rarer part of the atmosphere. 

The French philofophers having executed the firlt 
aerial voyage with a balloon inflated by heated air, re- 
l’olved.to attempt a fimilar voyage with a. balloon filled 
with inflammable air, which fettned to he preferable 
to dilated air in every refpeft, the. expence of preparing 
it only excepted. A fubfeription was opened how¬ 
ever to defray that expcnce, which was estimated at 
about ten thoufand livres; and the balloon was eon- 
ftm&cd by Meflrs. Roberts, of gores of filk, varniihed 
with a folution of elallie gum. Its form was ipherieal, 
and it meafured 27} feet in diameter. The upper 
hetnifphere was covered bv a net, which was fattened 
to a hoop encircling its middle, and called its equator. 
To this equator was fufpeuded by rope* a car or boat, 
covered with painted linen, am!beautifully ornamented, 
which Iwung a few feet below the balloon. To pre¬ 
vent the burfting of the machine by the expanfion of 
the inflammable air in a rarer medium, or to caufe the 
balloon to defccud, it was fumilhed with a valve, which 
might he opened by means of a firing defeending from 
it, for difeharging a part of the internal air, without 
admitting the external to enter : And the car was 
ballafted with bags of fand, for the purpofe of light¬ 
ening it occasionally, and caufing it to afeend : fo 
that by letting fome of the air efcape through the valve, 
they might defeend ; and by difeharging fomc of their” 
fand bailaft, afeend. To this balloon was likewife 
annexed a long pipe by which it was filled. The ap¬ 
paratus for filling it confided of feveral calks placed 
round a large tub of water, each having a long tin tube, 
that terminated under a veflel or funnel which was in¬ 
verted into the water of the tub, and communicated 
with the long pipe annexed to the lower part of the 
balloon. Iron filings and diluted vitriolic acid being 
put into the calks, the inflammable air which was pro¬ 
duced from thefe materials, paired through the tin 
tubes, thence through the water of the tubs to the in¬ 
vented funnel, and fo through the pipe into the balloon. 
When inflated, the weight of the common air which 
was equal in hulk to the balloon, was 771^ pounds; 
alfo the power of afeenfion, or weight juft ncccflary 
to keep it from afeending, was 20 pounds, and the 
weight of tlic balloon, with its car, palfengers, and all 
its appendages was 604+ pounds, which two together 
make ^24^ pounds; and this taken from 771I pounds, 
the weight of common air difplaced, leaves 147 pounds 
for the weight, of the inflammable air contained in 
the balloon, and which is to 77pounds, the weight 
of the lame bulk of common air, nearly as 1 to 5^ ; 
that is, the inflammable air ufed in this experiment 
was 5* times lighter than common air. 

The firtl of December was fixed on for the difplay 
of this grand experiment; and every preparation was 
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made Far ecndn&ing ft with advantage. The garden 
of the Tliuillciics at Paiis was the fccne of operation: 
which was loon etowded and cncompafled with a pro¬ 
digious multitude of ohfervers. Signals wove given, 
iiom time to time, by the firing of cannon, waving 
•of Hags, : and a fmall montgolfier was launched, 
for (hewing the direction of the wind, and for the 
amufemeut of the people previous to the general dif* 
play. At three quarters after one o’clock, M. Charles 
and one of the Roberts, having feated thcmfelvcs in the 
■boat attached to the balloon, and being furniflud with 
•pioper inftiiiments, cloathing, and premiums, left lire 
gionncl, and afeended with a moderately accelerated 
■velocity to the height of about 600 yards; the fur- 
rounding multitude (landing filent with fear and 
amazement; while the aerial navigators at this height 
made (ignals of their fufety. When they left the 
ground, the thermometer, according to bah re 11 licit's 
fcale, Rood at 59 degre-s; and the barometer, at 
$o*i8 inches: and at the utmoft height to which 
•they afeended, lire barometer fell to 27 inchest from 
■which they deduced their height as above to lie 6ce> 
yards, or one third part of a mile. During the red 
of the Voyage the quiekfilver in the barometer w’as 
generally between 27 and 27’65 inches, rifing and 
falling, as part of the ballad was thrown out, or fomc 
of the inflammable air cfcapcd from the balloon. The 
thermometer generally Rood between 53 and 57. de¬ 
grees. Soon after their afeent, they remained (Iac¬ 
tionary for fomc time: they then moved horizontally 
in the direction north-north-well : and having eroded 
the Seine, and pa (Ted over feveral towns and villages, 
to the great amazement of the inhabitants, they dc- 
feended in a field, about a 7 miles diilant from Pan’s, 
■at three-quai lets pa ft 3 o’clock ; fo that they had 
traveled at the rate- of near 15 miles an hour, without 
•Reeling the Jeall inconvenience. 

The balloon (till containing a confidcrablc quantity 
©f inflammable air, M. Charles re-afeended alone, and 
it was computed he went to the height of 3100 
yards, or almt.ft a miles, the barometer being then 
at 20 Itnglifli inches: having atnufed himfelf in the 
air about 33 minutes, he pulled the firing of the 
valve, and defcuided at 3 miles di(lance front the 
place of Ids afeent. All the- inconvenience he ex¬ 
perienced in his great elevation, was a dry iharp cold, 
with a pain in one of his eais and a part of hit 
face, which he aferibed to the dilatation of the internal 
air : a circutnfinncc that nfually happens to perfons who 
fuddenly change the denfity of their atmofphere, cither 
by alcciiding into a rarer, or defeending into a denfer 
one. The fmall balloon, launched at the beginning by 
M. Montgolfier, was found to have moved in a direction 
oppofite to that of the aeronauts; from which it is in¬ 
ferred that there were twa currents of air at different 
heights above the earth. 

In the month of December this year, feveral expe¬ 
riments were made at Philadelphia in America with 
air balloons, by MeiTrs. RittenLoufc and Hopkins. 
They conflructcd and filled a great many fmall balloons, 
-and connected them together; in winch a man went 
up feveral times, and was drawn down again; and 
finally, the ropes being cut, he afeended to the height 
of 400 feet, and floated to a confidcrablc diflance; but. 


being afraid, he cut open the balloon* with a knife, 
and io defeended. 

About the clofe of this year fmall balloons were fent 
up in many places, and were become very common in 
fomc parts of Prance and England. And in the be¬ 
ginning of the year following, their number and mag¬ 
nitude increafed confiderably ; and fomc-of the more 
remarkable ones wire as follow :—On the 19th of 
January M. Jufeph Montgolfier, accompanied by fix 
other perloii:;, afeended from I-yons with a iarcficd-air 
balloon, to the height of moo yaids. This was the 
IargeR machine that had been hitheito made, being 131 
feet high, and 104 feet in diameter: it was formed of 
a double covering of linen, with three lajcis of paper 
between them ; and it Weighed, when it wint up, 160J 
pounds, including the gallery, paflengers, X:e. It was 
at fit It intended for fix paflengers ; but In fine it went 
up, it. was not judged lafc to freight it with moie than 
three: however no auihoiilv nor foil. Hat ion:; could 
picvuil upon any of the fix to quit their place, nor cv\n 
to eall lota which three (honul nfigu their psctrnlious : 
fo tint the fpee’t.itois law them all afe-nd with tenor 
and anxiety ; and to add to their diilufi, when the 
ropes were cut, and the machine h.id afcet.d* il a fi.ot or 
two from the ground, a fevetnh period (iitldmly leaped 
into'the gaileiy, and the flic being i.iereuf d, the whole 
afeended together. To add to the terror nl the fccne, 
after being in the air about 15 minutes, a large- rent 
of about 50 feet in length was made 1-y the balloon 
taking file, in confequcnee of whieh it defeended very 
rapidly to the ground, though fouui.atcly without iu- 
juiy to any of the aeronauts. 

On the 22d of Pebruarv an inflammable air balloon 
was launched fioni Sandwich in Kent. Jt was but 
a fmall one, bung only 5 feet in di imetci ; but it v..u 
reridcicd rental L.ible by being the (iiil machine that 
eroded the fca from England to Fiance. It wu- found 
in a field at Warncton, about 9 miles from Lille in 
French Flanders, two hours and a half after it hit 
-Sandwich, the diflance being about 74 miles; fo that 
it floated at the rate of about 3:1 miles an hour. 

The chevalier Paul Andicani, of Milan, wav the 
firft aerial traveller in Italy. The chevalier was at the 
foie expence of this machine, but was ufiiibd in the 
conftiuetion by two blethers of the name of (,'eili. 
They all three afeended together mar Milan on the 
2>tli of February, and remained in the atnn.fphcre 
about 20 minutes, when they defcuieLd, ail tin ir fuel 
being exhaullcd. This machine w as a montgolfier, of 
a fphcrical (hapt, and about 6b feet in dianieteu I-mm 
calculations made on the power of this, and other 
machines of the fame fort, it appears that tin- included 
air is rarefied commonly but about one-third, or that 
the included warm air weight about two-thirds of the 
fame bulk of the external or common air. 

The next aerial voyage was performed on the 2d of 
March 1784, by M. Jean Fierie lihmchaicb a man 
who has fince that time made more voyages than any 
other perfon, and who lias rendered himfelf famous 
by being the liift who has floated in the air over 
the channel /rum England to Prance. M. I»l.m- 
chard it feems had for many years been in jnirfmt of 
mechanical means for flying through the air; Lett on 
heating of the late invented air balloons, he dropped 
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Jus former purfuitc, and turned his attention to them. 
He accordingly conftrufted one of 27 feet diameter, 
to which a boat was fufpended with two wings, and a 
rudder to ilecr it by, as alfo a large parachute fpread 
horizontally between the boat and the balloon, defigntd 
to check the fall in cafe the balloon fliould burft. The 
machine being filled with inflammable air, be afeended, 
from the Champs de Mars at Paris, to the height of 
near ten thoufaiul feet, or aim oil 2 miles; and after 
floating in the air for an hour and a quarter, he de- 
feended at Billancouit near Seve, having expeiienced 
by turns beat, cold, hunger, and an exceflive drowfinefs. 
It appears from his own account, and as might have 
been expected, that the wings and rudder of his boat 
had little or no power in turning the balloon from the 
direction of the wind. 

In the cutirfe of this year, 1784., acrollatio experi¬ 
ments and aerial voyages became fo frequent, that the 
limits of this article will not allow of any thing farther 
than mentioning thnfe which were attended with any 
rtmurkable circumflances. On the 25th of April, 
McflYs. de Morvcau and Bertrand afeended from Dijon, 
with an inflammable-air balloon, to the height of thir¬ 
teen thoufand feet, or near 2 miles and a half, where 
the thermometer maiked 2 5 degrees. They were in 
the air 1 hour and 25 minutes, in which time they 
floated 18 miles. 

On the 2Gih of May, four ladies and* a gentleman 
afeetukd fiom Paris, in a huge montgollier, above the 
bight It buildings, and remained fufpende d there a con- 
liderablc time, the balloon being confined by ropes 
from flying away. 

On tin 23d of May, M. Blanchard, with the fame bal¬ 
loon as before, afeended from Rouen, to fudi height that 
the mercury in the barometer flood at 20*57 inches, 
which on the e.uth had been at 30*1 f>. It was ob- 
lervtd that in this voyage M. Blanchard’s wings Croats 
could not turn him dliile from the direction of the wind. 

O11 the 4th of June M. Heurant and Madame 
Tibbie, the tirll lady who made an aerial voyage, af- 
cei.dcd at Lyons in a machine of 70 feet diameter.- 
They went to the height of 8500 feet, and floated 
about a miks in 43 minutes. 

On the 14th of June, M. Coujlard de Maffi and 
M. Mouehet afeended at Nantes to a great height, 
with a balloon of 32* feet diameter, filled with in¬ 
flammable air extracted from /.ink ; and they floated 
to the eliilar.ee of 27 miles in 58 minutes. 

On the 23d of June, the’ tirll aerial traveller M. 
Filatrp e!e Rosier, accompanied with M. Prouts, af- 
ceojiMrat Verfatlies, in the: prefeuce of the royal family 
and^me king of Sweden, with a huge montgollier, 
whwfe diameter was 7y feet, and its height yt feet 
and a half. They floated to the diflance of 36 miles 
in three-quarters e>f an hour, when they deieended, 
which is at the rate of 48 miles an hour. In confe- 
qnence of this experiment the king granted to M. de 
Ko/.icr a penfion of coco 1 ivies. 

On tin- 15th of July the duke of Chartres, the two 
brotiat s'Roberts, and a fourth perfon afeended from 
the park oi St. Cloud, with an inflammable-air machine, 
of an oblong form, its diameter being 34 feet, and its 
length, which went in a dirc&ion parallel to the horizon, 
was 55+ feet ; and they remained in the atmofphere 


for 45 tnihutes rn the greateft fear and' danger. Th<r 
machine contained an interior fmall balloon, filled with 
common air, by means of which it was propofed to- 
caufe the machine to afeend or defeend without the lofs 
of any inflammable air or ballad : and the boat was 
furnilhed with a helm and oars, which were intended 
to guide it. Three minutes after afeending, the ma¬ 
chine was loft in the clouds, and involved in a denfe 
ynpour. A violent .agitation of the air, refunbling a 
whirlwind, greatly alarmed the aeronauts, turned the 
machine three times round in a moment, and gave if 
fuch fhocks as prevented them from ufiug any of their 
in 11 ruments for managing the machine. After many 
flniggles, with great difficulty they tore about '7 or 8 
feet of the lower part of the covering, by which the in- 
flamable air efcaped, and they descended to the ground 
with great rapidity, thbugh without any hurt. At 
the place of departure the barometer flood at 30*12 
inches, and at thiir greateft elevation it flood at 24*36 
inches; fo that their afcer.t was about 5100 feet, or 
near one mile. 

On the 18th of July, M. Blanchard, with a Mr.-* 
Boley, made his third voyage with the fame balloon as 
he had before, and rofc fo high as to link the barometer 
from 30" i to 25*34 inches, anlwering to a height of 
about 4600 feet. In 2 hours and a quarter they floated 
45 miles, which is at the rate of 20 miles an hour. In 
this voyage M. Blanchard pretended that he was able 
to turn the machine with his wings, and to make it af- 
cend and defeend at pleafurc. After defeending, it 
is faid the balloon remained all the night at anchor l ull of 
air; and that the next day feveral ladies ainufed thein- 
felves by afeending fucceflively to the height of So 
feet, the length of the ropes by which it was anchored. 

In the couvfe of this fummer two perl’ons had tieaily 
loft their lives by afeending with machines of wanned, 
ait, The one in Spain, on the 5th of June, by the 
machine taking lire, was much burnt, and fo huit by 
the fall that his life was long difpairol of. The latter 
having afeended a few fett, the machinery entangled 
undo the eves of a houfc, which broke the ropes, and 
the man fell about twenty feet: the machine prefently* 
took fire, and was conlumcd. Other molltgoltiers w«e 
alfo binned about London, by taking lire, through the 
defeats of their conftnittion. 

Tiie firft aerial voyage performed in F.ngktnd was 
by one Vincent Lunanli, a native of Italy, who af- 
cended from the Artillery Ground, London, with U11 
inflammable-air balloon on the 15 th of September. 
His machine was made of oiled filk, painted in alter¬ 
nate ftripcs of blue and red ; and its diameter was 53 
feel. Prom a net, which covered about two-thirds of 
the balloon, 45 cords defeended to a hoop hanging 
below* the balloon, to which the gallery was attached* 
The machine had no valve ; and its neck, which ter¬ 
minated in the form of a pear, was the aperture 
through which the inflammable air was introduced, and 
through which it might be let out. The balloon was 
filled with air produced from /ink by means of diluted 
vitriolic acid. And when the aeronaut departed, at 
2 o’clock, he took up with him a dog, a cat, and a 

{ ligeon. After throwing out feme land to clear the 
loufes, he afeended to a confiderahle height; and the 
direction of his motion at firft was north-weft by weft 7 
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Ivjt is the balloon rofe higher, it came into another 
cui rent of oir, which carried it nearly north. In the 
comic of his voyage the thermometer was as low as 
2y degrees, and the drops of water which had collected 
round the balloon were frozen. About half after 
three he deft ended very near the ground, and landed 
the cat. which was almoft dead with cold : then riling, 
he prefer sited his voyage, till at 10 minutes paft 
4 o’clock he landed near Warc in Hcrtfordlhiie. He 
pretends that lie defeeuded by means of his oars or 
wings; but other circumilances related by him, llrongly 
contradict the fa£l. 

The longed and moll interefting voyage performed 
about-this time, was that of Meflrs. Roberts and M. 
Colin Hullin, who afeended at Paris, at noon on the 191I1 
of September, with an aerollat, filled with inflammable 
air, wlsicb was 27? feet in diameter, and 464 feet long, 
the machine being made to float with its longell part 
parallel to the horizon, and having a boat of near 17 
feet long attached to it. The boat was fitted up with 
fcveral wings or oars, fliaped like an umbrella, and they 
- afeended at 12 o’clock with 450 pounds of fund ballall, 
and after various manoeuvres finally defccudcd, at 40 
minutes paft C o’clock, near Arras in Artois, 150 milts 
from Paris, having ftill 200 pounds of ballall remaining 
in the boat. In one part they found the current of 
air uniform from 600 to 4200 feet high, which it feems 
was their greateft height, and the fall of the barometer 
had been near 5*6 degrees. They found that by 
means of then oars they could accelerate their courfe a 
little in the direction of the wind, when it moved 
(lowly, which may be true; but there is great reafon 
to doubt of the accuracy of their experiments by which 
they pretended to caufe their path to deviate about 
22 degrees from the wind, going with a confiderable 
velocity. 

* The fecofid aerial voyage in England, was performed 
by Mr. Blanchard, and Mr. Sheldon profefibr of ana¬ 
tomy to the Royal Academy, being the firft EngliIll- 
man who afeended with an aeroftatic machine. They 
afeended at Chelfea the 16th of October, at 9 minutes 
paft 1 a o’clock. Mr. Blanchard having landed Mr. 
Sheldon at q^out 14 miles from Chelfea, rr-alcendtd 
Alone, and finally landed near Rumfey in Hampfliuc, 
about 75 miles diliant fiom London, having gone 
nearly at the rate Jof 20 miles an hour. The wings 
ufed on this occafion it feems produced no deviation 
from the direction of the wind. Mr. Blanchard laid 
that he afcen 3 ed fo high as to ft el a great difficulty of 
breathing t and that a pigeon, which flew away irons 
the boat, laboured for fome time to fuflain itfclf with 
its wings in the rarefied air, but after wandering a good 
while, returned, ar.d re (led on the fide of the boat. 

On the 4th of Oftobcr, Mr. Sadler, an ingenious 
tradefman at Oxford, afeended at that place with an 
inflammable-air L Do n of his own conitruftion and 
filling. And again on the j ah of th«t fame month he 
afeended at Oxford, and floated to the diftancc of 14 
miles in 17 minutes, which is at the rate of near 50 
miles an hour. 

The 30th «f November this year Mr. Blanchard's 
fifth aerial voyage, ftill with his old machine, was per¬ 
formed in compauy with Dr. J. Jeffries, a native of 
America. Their voyage was about 21, miles; and it 


does not appear that the greateft a&ion of their oars 
produced any effect in directing the courfe of the 
balloon. 

On the 4th of January, 1785, a Mr. Harper afeended 
at Bitmingham with an inflammable air Lilioon, and 
went to the dillance of 50 miles in an hour ami a quar¬ 
ter, and luffered no other inconvenience than a tem¬ 
porary dcafnefs, and what might be expected from the 
changes of wet and cold. The thermometer deice uded 
ftom 40 to 28 deems. 

On the "th of January, Mr. Blanchard, accompanied 
with l)r. Jeffries, performed his fixth aerial voyage, by 
actually crofting the Britifli channel from Dover to 
Calais, with the f.itne balloon which had live times be¬ 
fore carried him fucccfsfully through the air. They 
afeended with only 30 pounds of land ballall, beiidc9 
their proviiions, lome hooks, infliuments, and other 
necelfiiries. The. machine parted with the gas very 
rapidly, and their baliait was foon all exlmuilcd ; after 
which, from time fo time they threw out every thing 
clfe in the boat, to prevent themfclvca from dropping 
into the fea. In this way they ddpt>fed of all their 
proviiions, their books and iniiruments, and finally the 
moll part of their very clothes thcmlelves. This how¬ 
ever bringing them near the 1'iench eoatl, they gradu¬ 
ally afeended, cleared the cliffs and houfc;;, and landed 
in the forell of Gnienncs. It is remarkable that a 
bottle, being-thrown out when they were in danger of 
falling into the fea, ftruck the water with fueii force, 
that they heard and felt the (hack very fenfibly on the 
car and balloon. In confcqucnce of this voyage the 
king of France prefented M. Blanchaid with u gift of 
laoeo livrcs, and granted him a peniion of taoo livrcs 
a year. 

On the 19th of January, Mr. Crofbie afeended at 
Dublin in Ireland, with an iufiammable-air balloon to 
a great height. He rofe fo rapidly that he was out of 
fignt iu 3 minutes and a half. By fuddcnly opening 
the valve lie defeended jull at the edge of the fea, as 
he was driving towards the channel, being unprovided 
for properly palling uver to England. 

On the 23d of Match, Count Zambeccrri and Ad¬ 
miral Sir Edward Vernon afeended at London, and 
failed to Horiham in SuiTrx, at the dillance of 33 
miles in lets than an hour. The voyage proved vriry 
dangerous, owing to fome of the machinery about the 
valve being damaged, which obliged them to cut open 
fome part of the balloon when they woe about two 
miles perpendicular height above the earth, the baro¬ 
meter having fallen from 30*4 to 20*8 inches. In 
defeendiug they palled through a denfc cloudjJtthich 
felt very cold, and covered them with (now. ’jjpob- 
ftrvations they made were, that the balloon kept per¬ 
petually turning round its vertical axis, fumetimes fo 
rapidly as to make each revolution iu 4 or 5 feconds; 
that a peculiar noife, like milling, was heard among 
the clouds, and that the balloon was greatly agitated 
in the defeent. 

On May the 5th, Mr. Sadler, end William Wind¬ 
ham, cfq. member of patlhimcnt for Norwich, afeended 
at Moulfey-hurft. The machine took a fouth-eaft 
courfe, and the current of air was fo ftro.ig that they 
were in great danger of being driven to fea. They 
had the good fortune however to defeend near the con- 



A E R C 4i ] A E R 


flux of the Thames.and Medway* opt a mile from the 
water's edge* By an accident they loft their balloon : 
for while the aeronauts were bulled in fecuring their 
inftrumenta, the country people, whom they had em¬ 
ployed in holding down tne machine, fuddcnly let go 
the cords, when the balloon inftantly afeended, and 
was driven many miles out to fca, where it fell, and 
was taken up by a trading veffel. It was afterwards 
reltored again, and another voyage made with it from 
Manchefter to Pontefra£l, in which Mr. Sadler was 
Hill more unfortunate ; for no perfon being near when 
it defeended, and not being able to confine it by his 
own ftrength, he was dragged by it over trees and 
hedges $ and at laft was forced to quit it at the ut- 
molt peril of his life ; after which it rofe, and was out 
of fight in a few minutes. It was afterwards found 
near Oainlborougli. 

On the 12th of May Mr. Crofbic^afcended, at Dub¬ 
lin, as high as the tops of the houfes; but foou de¬ 
feended again with a velocity that alarmed all the 
fpettators for his fafety. On his dipping out of the 
car, in an iuilaut Air. M'Guirv, a college youth, fprimg 
into it, and the balloon afeended with him to the afto- 
nifitment of the beholders, and prefcntly he was carried 
with gieat velocity towards the channel in the direction 
of Holyhead. This being obferved, a crowd of horfe- 
men purfued full fpeed the courfe he feinted to take, 
and could plainly perceive the balloon defeending into 
the fca. I.ord 11 . Fitzgerald, who was among the 
forcmoll, inllamly diTpateheil a fwift-failing vefill 
mounted with oars, and all the boats that could be 

J fot, to the relief of the gallant youth ; whom they 
bund almoll fpeut with fwimming, juft time enough 
to fave his life. 

The fate of M. Filatrc de Rozier, the firft aerial 
traveller, and his companion M. Remain, has been 
much lamented. They afeended at Boulogne the 15th 
of June, with intent to crofs the channel to England: 
for the firft 20 minutes they feemed to take the proper 
direction ; when prcfently the whole apparatus was 
feen in flames, and the unfortunate adventurers fell to 
the ground from the height of more than a thoufand 
yards, and were killed on the fpot, their bones being 
broken, and their bodies crufitca in a (hocking manner. 
The machine in which they afeended, coniifted of a 
fpherical balloon, 37 feet in diameter, filled with in¬ 
flammable air; and under this balloon was fufpeuded 
a fmall montgolfier, or fire balloon, of 10 feet diameter; 
the gallery which fufpended the aeronauts, was attached 
to the net of the upper balloon by cords, which were 
faftened to a hoop lather larger than the montgolfier, 
and defeended peipendicularly to the gallery. The 
montgolfier was intended to promote and prolong the 
afeeniion, by rarefying the atmofpheric air, and by 
that means gaining levity. It is not certainly known 
whether the balloon was a&ually fet on fire by the 
montgolfier, or, being over-rarefied by the hiat beneath, 
burft, and by that means the inflammable air was fet in 
a blaze. 

On the 19th of July, at 20 minutes paft 2 o’clock, 
Mr. Crolhie afeended at Dublin, with intent to cuifs 
the channel to Holyhead in England. The ufu.il 
form of the boat had been changed, for a capacious 
wicker balkct, of a circular form, round the upper 
Vox,. I. 


edges of which were faftened a great many bladders, 
which were intended to render his gallery buoyant, in 
cafe of a di(after at fca. About 360 pounds of ballaft 
were put into the bafleet, but the aeronaut difeharged 
half a hundred on his firft rife. At firft the current of 
air carried him due weft; but it foou changed hi* 
courfe to nearly north-eaft, pointing nearly towardo- 
Whitehaven. At upwards of 40 miles f^om the Irilb 
fiiore, he found himfclf within clear fight of both lands, 
and lie faid it was impodible to give any adequate idea 
of the unfpcakable beauties which the fcencry of the 
fea, bounded by both lands, prefented. He rofe 
at one time fo high, that by the intenfe cold his ink 
was frozen, and the mercury funk quite into the ball 
of the thermometer. He was fick, and felt a ftrong 
prepulfion on the tympanum of the cars. At his ut- 
moll height lie thought hitnfelf ftationaty ; but on 
liberating fume gas, he defeended to a current of air 
blowing north, and extremely rough. He now entered 
a thick cloud, and encountered llrong Walls of wind, 
with thunder and lightning, which brought him ra- 
idly towards the ftirf’ace of the water. Here the 
alloon made a circuit, but falling lower, the water 
entered his car, and he left his notes of obfervatiou. 
All his endeavours to throw out ballaft were of no avail; 
the. force of the wind plunged him into the ocean ; and 
with much difficulty he put on his cotk jacket. The 
propriety of his idea was now very manifeft in the con- 
ilruclion of his boat; as by the admiffiou of the water 
into the lower part of it, and the fufpcnfioa of lus 
bladders, which were arranged at the top, the water, 
added to his own weight, became proper ballaft ; and 
the balloon maintaining its poife, it became a powerful 
fail, by means of which, and a fnatch block to bis car, 
he went before the wind as regularly as a failing 
veffel. In this fituation he found nimfclf inclined to 
eat, and he took a little fowl. At the diftance of a 
league he difeovered fome veffels crowding after him ; 
but as his progrefs outilripped all their endeavours* 
he lengthened the fpacc of the balloon from the car, 
which gave a check to the rapidity of his failing, and 
he was at length overtaken and faved by the Dunleary 
barge, which took him on board, and fleered to Dun¬ 
leary, towing the balloon after them. 

A fimilar accident happened to Major Money, who 
afeended at Norwich, on the aid of July, at 20 minutes 
paft 4 in the afternoon; when meeting with an improper 
current, and not being able to let hitnfelf down, on 
account of the fmallncfs of the valve, he was driven out 
to fea, where, after blowing about for near two hours, 
he dropped into the water. Here the druggies were 
aftoniihing which he made to keep the balloon up, 
which was torn, arid hung only like an umbrella over 
his head. A (hip was once within a mile, but, he adds, 
whether from want of humanity, or by miftaking the 
balloon for a fea moufter, they (heered off, ana left 
him to his fate ; but a boat chafed him for two hours, 
till juft dark, and then bore away. He now gave up 
all hopes, and began to wifli that providence liad given 
him the fate of Pilatre de Rozier, rather than fucli 
a lingering death. Exciting himfclf however to pre- 
ferve life as long as poflibit, by keeping the balloon 
floating over lus head, to keep himfclf out of the 
"Water, iuto which ncverthelefs he funk gradually inch 
G by 
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by inch, as .it loft its power, till he was at length bread 
deep in water, when he was providentially taken up by 
a revenue cutter, at half pan eleven at-night, but (o 
weak that he was obliged to be lifted out of the car 
into the (hip. 

About the latter end of Auguft, the longed aerial 
voyage hitherto made, was performed by Mr. Blanchard, 
who afeended at Liflc, accompanied by the Chevalier 
de L’Epinard, and travelled 300 miles in their balloon 
before it defeended. On this occufion, cj on fome 
fanner ones, Mr. Blanchard made trial of a parachute, 
like a large umbrella, invented to break the fall in cafe 
of an accident happening the balloon: with this ma¬ 
chine he dropped a dog from the car foon after his af- 
ceniion, which defeended gently and unhurt. 

On September the 8th, Thomas Baldwin, Kfq. 
afeended from the city of Chcfter, at 40 minutes j> lit 
one o’clock, and defeended at Rixton-Mofs, at 25 
miles diftance, after a voyage of 2 hours and a quarter. 
The greateft perpendicular altitude afeended was about 
a mile and a half, ai d the aeronaut computed that in 
fome parts of the voyage he moved at the rate of 30 
miles an hour. Mr. Baldwin publifhed a very cir- 
cumllantial account of his voyage, with many ingenious 
philofophical remarks relating to ncrollation, of which 
fubjeft his book may lie coulidered as oue of the bed 
treatifes yet given t* the public. 

October the yth, Mr. JLuuardi made the firft aerial 
Voyage in Scotland. lie afeended at Edinburgh, and 
after various turnings, landed near Cupar in Fife, having 
deferibed a track of 40 miles over the fea, and 10 over 
the land, in an hour and a half. 1 le faid the mercury 
in the barometer funk as low as 18*3 inches at his 
greateft elevation. 

November the 19th the celebrated Blanchard af¬ 
eended at Ghent to a great height, and after many 
dangers defeended at Drift without his car, which he 
cut away to lighten the machine when he was de¬ 
fending too rapidly, and flung himfeif by the cords 
to the balloon, which ferved him then in the nature 
of a parachute. On his firft afeent, when* he was al- _ 
snoft out of fight, he let down a dog, by means of a ’ 
parachute, which came eafily to the ground. 

November the 2 5th Mr. Lunardi afeended at Glaf- 
gow, and in two hours it is faid he deferibed a track 
of 225 miles. It is further remarkable that, being 
overcome with drowfinefs, be fays be dept for about 
80 minutes ia the bottom of the car, during this voyage. 

Many other voyages were made in different countries, 
and whh various fuccefs. But fince the year 1785, 
the rage for balloons has confiderably abated, and we 
have gradually had lefs and lefs of thefe aerial cx- 
curfions, fo that it is now become rather an uncommon 
thing to hear of one of them .performed in any country 
whatever: which fpeedy decline in this new art js 
perhaps to be afcribtd chiefly to the following caufes ; 
namely, a lefs degree of eageniefs in people to purfue 
fuch experiments, from their curiouty having been 
fatisfied 1 fecondly, the trouble, danger, and great ex¬ 
pence, attending them; and laftly, the want of the 
means efcondu£lin& thepi, and the fmall degree of 
utility to which they have hitherto been applied. The 
failure in die many attempts that have been made to 
dicc& baflopos at plcafurc through the air, cannot but 


be felt as a very dffcouraging ctrcumftance: and it i* 
to be feared that it will ever.he Felt *• fuch, notwith- 
ftanding the pretenfioM of fomeperfons on this head J 
for they never have caufed, nor is it to be expe&ed they 
ever can caufe the machine to deviate fenfibly from the 
courfc of the wind, cicept only in the cafe when 
this moves with a very fmall celerity. For when the 
current blows only at the rate of 10 miles an hour, 
which is but a very gentle wind, it may be (hewn 
that a balloon of 50 feet in diameter will require a 
force equal to the preffure of 72 pounds weight, to 
caufe it to deviate 30 degrees from the couife of the 
wind} and a force equal to double or triple that 
weight, when the wind blows with a double or 
triple velocity, that is, at the rate of 20 or 30 miles 
an hour [ and fo in proportion. To obviate the dan¬ 
ger of a fall, arifing from any accident happening to 
the balloon, fome experiments have been made with a 
parachute, chiefly by Mr. Blanchard, whofe endeavours 
and perfeverance it feems have continued longer than 
in any other perfon : we fit’ll hear of his exemfions in 
different parts of Europe, and improvements of the 
paiachutc, wings, &c ; and have juft read accounts of 
two voyages lately peiformed by him} with which, 
being very curious, we (hall conclude our narration of 
tlielc aerial cxcurfions. They will be belt related in 
Mr. Blanchard's own words, taken from his letter, 
dltcd Leiptick, October the 9th, 1787. to the editor* 
of the Paris Journal. “ 1 did not mention,” fays he, 
“ in your interefling paper, my afeenfion at Stralburg 
on the 26th of laft Augufl; the weather was fo hor¬ 
rible that I mounted only for the fake of contenting 
the aflonifhing crowd of fti augers affembled there from 
all parts of the country. Every body feemed fatisfied 
at the attempt, but I affure yuu, gentlemen, that I 
wa6 far from being plcafed with fo common an expe¬ 
riment. The only remarkable thing that occurred at 
that time, was the following circumllanec: At the 
height of about 2000 yards, or a mile and half a 
quarter, 1 let down a dog tied to the parachute, who, 
iuftead of defeending gently, was forcibly carried, by a 
whirlwind, above the clouds. I met him foon after, 
bending his courfc directly downwards, and, as on re- 
collcfting his mafter, lie began to bark a little, 1 was 

S to take hold of the parachute, when another 
vind lifted him again to a great height. I loft 
him for the (pace of fix minutes, and perceived him 
afterwards, with my telefcone, as if deeping iu the 
cradle or baflcct belonging to the machine. Continually 
agitated, and impetuoufly tolled through every point of 
the compafs, by the violence of the different currents of 
air, I determined to end my voyage on the other fide 
of the Rhine, after having palled vertically over Zell. 

I defeended at a fmall village, with an intention to be 
aflifted a little, and about thirty men foon came within 
reach of the balloon very a-propos, and fixed me to the 
ground. The wind was fo violent that anchors or 
ropes would have been of no fcrvice. I had however 
added to the large aeroftattc globe a fmaller one, of 
60 pounds afcenfional force, which would have contri¬ 
buted to fix me, when once I let it loofe; but notwith- 
Handing this precaution, the men’s afliftance was very 
neccffary to me. The parachute was dill wavering in 
the air, and did not come down till 12 minutes after.’* 

** 1 per- 
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. *' I jperfortoad, B»y »7th afooqfionvi Lelpfidr the 
*9th of SeptembeiVin the midft qf an. Incredible num¬ 
ber of fpeftators, forming one of the jhoft brffliant af- 
femblics I ever beheld. The Hcjr vu M clear and fe- 
rene as poffible, and the air fo calm that many of 
my friends, and multitudes of others, could follow me 
on horfeback, and even on foot. I was fometimes fo 
near them that they thought they could reach me, but X 
could foon find the means of rifing; and once, when 
they had actually taken hold of the cords, to fee me 
float with the firings in their hands, X foddcnly cut 
them, and mounted again in the air. All tbefe amuf- 
ing evolutions were in fight of the town and its en¬ 
virons. At length I yielded to the earned foliciiations 
of the company, and entered the town triumphantly in 
my car, followed by a concourfe of people tranfported 
with joy, and amiaft the acclamations of thoufands. 
The next day I emptied the inflammable air into another 
globe, with which I intended to tty feme experiments; 
and X let it off with a cradle, in which a dog was 
fixed. The balloon, having reached a confiderable 
height, made an explofion in its under part, as I had 
imagined it would, having previoufly difpofed it in a 
proper manner for that purpofe j by which means the 
little animal fell gently to the ground.’' 

“ The day before yefterday having repeated this 
experiment, at the town’s requefi, I prepared the globe 
in fuch a manner as to caufe an explofion in its upper 
part, and added a parachute with two final! dogs fixed 
to it. They went fo high that, notwithfianding the 
ferenity of the Iky, the balloon was loft in its immenfe 
expanfe. Tele ft opes of the belt fort became ufelcfs, 
and I began to be npprehenfive for the death of the 
little animals, on account of the feverity of the cold. 
They dtfeended however about two hours after, quite 
iafe and well, in the town of Dclitzfch, three miles 
from Lcipfiek. I went yefterday to claim them, and 
found them again over the (own in the air with the 
parachute. Such experiments had been already tried 
many times in the couifc of the day, and fome officers 
had thrown them from the top of a ftceple, in the fight 
of all the inhabitants of Delitzfch, from whence they 
defeeuded fafe.” 

We have lately heard of Mr. Blanchard’s 32ft af- 
cenfion at I’runfwick in the month of Auguft 1788, 
in which he much aiMcd his afeent by means of his 
wings. • 

For fercral figures of balloons, fee plate t. 

PraBkt nf' Asroitation. The firft confideration 
m in the pi ail ice of acroftation, is the form and the fi7e of 
the machine. Various fliapes have been tried and pro- 
pofed, but the globular, or the egg-like figure, is the 
moil proper and convenient, for all purpofes; and this 
form alfo will require lefs cloth or fillc than any other 
fhape of the fame capacity; fo that it will both come 
cheaper, and have a greater power of afeetifion. The 
bag or covet of an inflammable-air balloon, is beft made 
of the fdk fluff called luftring, varniihed over. But 
for a montgolfier, or heated-air balloon, on account 
of its great fixe, linen cloth has been ufed, lined within 
or without with paper, and varniftitd. Small balloons 
arc made either of varniihed paper, or (imply of paper 
anvarniftied, or of gold-beater’s (kin, or fuch-like 
light fubftaacec. 


With refpeft terthe (brat of a balloon, it w 0 l be 
cdfiuy thatthe operator remefttbei^the cdtamttr |*0j£ 

J iorttbns between the diameters, circumferences, fur- 
aces, and foliditica of fpheres j -for inftanee, t&at rf 
different, fpheres, the circumferences are as the dtaine- 
ters; that the furfacea areas the fquarcs of the dia¬ 
meters ; and the folidities as the cubes of the fame 
diameters: tliat any diameter is to its circumference as 
7 to 2*. or as 1 to 3}; and therefore 3 times and f 
of any diameter will be its circumference; fo that if 
the diameter of a balloon be 35 feet, its circumference 
will be no fect. And if the diameter be multiplied 
by the chcumfcnnce, the product will be the furface 
of ihi fphere ; thus 37 multiplied by-no give* 3850, 
which is the furface of the fame fphere in fquare feet* 
and if (his furface be divided by the breadth of the 
fluff, in feet, Which the balloon is to be made of, the 
quotient will be the number of feet in length neceifcry 
to con ft tuft the balloon ; fo if the ftuffbe 3 feet wide, 
then 3850 divided by 5, gives 1283$ feet,,or 42ft 
yards nearly, the requisite quantity of ftuff of 3 feet 
or one yard wide, to form the balloon of 35 feet dia¬ 
meter. Hence alfo, by knowing the weight of a given 
piece of the ftuff, as or a fquare foot, or fquare yard, 
it is cafy to find the weight of the vyhole bag, namely 
by multiplying the furface, in fquare feet or yards, by 
the weight of a fquare foot or yard: fo If each fquare 
yard weigh 16 ounces or 1 pound, then tbe whole bag 
will weigh 418 pounds) Again, tbe capacity, or folia 
contents, of the fphere, will be found by multiplying J 
of the furface by the diameter, or by taking of 
the cube of the diameter; which gives 22458 cubic 
feet for the. capacity of the faid balloon, that is, it 
witl contain, or difolace, 22458 cubic feet of air. From 
the content and furface of the balloon, fo found, it to 
be derived its power or levity, thus: on an average, 
a cubic foot of common air weighs 1 j ounce, and there, 
fore to the number 2 245 8, which is the contcpt of oar 
balloon, adding its jthpart, we have 26950 ounces 
or 1684 pounds, for the weight of the common air dif- 
placed or occupied by the balloon. From this weight 
mud be dedufted the weight of the bag, namely 428 
pounds, and then there remains 1256 pounds levity of 
the balloon, without however conJidering the contained 
air, whether it be heated air, or of the inflammable 
kind. If inflammable air be ufed, as it is of different 
weights, from 4- to .V or ,'t the weight of common 
air, according to the modes of preparing it, let us 
fuppofe for inftance that it is l of the weight of com¬ 
mon air; then £ of 1684 is 261 pounds, which is the 
weight of the bag full of that air; which being tBken 
from 1256, leaves $95 pounds for. the levity of the 
balloon when fo filled with that inflammable air, or the 
weight which it will carry up, confifting of the car, 
the ropes, the paffengeis, the neceffarics, and ballaft. 
But if luuted air be ufed; then as it is known from 
experiment that, by heating, the contained air is dt- 
miniflied iq denfity about one-third only, therefore 
from 1684, take j of itfclf, and there remains 1123 
for the weight of the contained warm air ; and this 
being fublraftcd ftom 1256, leaves only 133 pounds 
for tne levity of the balloon in tliip cafe; which being 
too fmall to carry tip the' car, paltengm, &c, it (hews 
that for thofe pnrpofrs a larger balloon nrceffaiy, on 
C- 2 Montgolfier's 
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Montgolfier's principles. But if now, from the pre¬ 
ceding computation, it be required to find how much 
the fize of the baboon inuft be incrcafed, that it; levity, 
or power of afeenfioo, may be equal to any givenweight, 
aa fuppofe 1000 pound*; then bccauic the Jelitics are 
neatly as the cubes of the diameters, therefore the dia¬ 
meters will be nearly as the cube roots of the levities ; 
but the levities 153 and iooo art nearly as t to 8, the 
cube roots of which are as 1 to 3, and confequently 
1 : 2 : : 35 ; 70 feet, the diameter of a montgoltier, 
made, of the fame thickncfs of Huff as the former, 
capable of lifting toco pounds. 

On the fame principles «c can cafily find the fizc of 
a balloon that ihall jutl float in air when made of fluff 
of a given thickncfs or weight, and filled with air of a 
given dcnlity ; the rule for which is this: from the 
weight of a cubic foot of common ait, fubtraft that 
of a cubic foot of the lighter or contained air; then 
divide 6 times the weight of a fquare foot of the fluff, 
by the remainder; and the quotient will be the diameter, 
in feet, of the balloon that will juft float at the furface 
of the earth. Suppofe, for inflancc, that the materials 
are as before, namely, the fluff 1 pound to the fquare 
yard, or y ounces to the fquare foot, which taken 
6 times is 3 j*; then the cubic foot of common air 
weighing 11 ounce, and of heated air } of the fame, 
wbofe difference is |; therefore 3 j divided by gives 
26? feet, which is the diameter of a montgolfier that 


ounces, then dividingthii by *145* tk capacity, the 
quotient *09/taken from J* 20 Q» leaves I'iOf tor the- 
denfity; to which iri the table correfponds almoit bait 
a mile, or nearer of a mile. And fo high nearly 
would thefe balloons afeend, if they keep the feme 
figure, and Jofe none of the contained air: or rather, 
thofe are the heights they would fettle at; for their 
acquired veloiity would firft carry them above that 
height, fo far ns till all their motion mould be defhoyed ; 
then they would defeend and pafs below that height, 
but not fo much as they had gone above; after which 
they would re-afcend, and pals that height again, but 
not fo far as they had gone below it; and io on for 
many times, vibrating alternately above and below 
that point, but always lefs and lcis every time. The 
foregoing rule, for finding the height to which the 
balloon will afeend, is independent of the different 
flates of the thermometer at that highefl point, and at 
the furfecc of the earth ; but for greater accuracy, in¬ 
cluding the allowances depending on the different flates 
of the thermometer, fee under the word Atmosi-hem-, 
where the more accurate rules are given at large. 

The belt way to make up the whole coating of the 
balloon, is by different pieces or flips joined lengthways 
from end to end, like the pieces compofing the furface 
of a geographical globe, and contained between one 
meridian and another, or like the dices into which a 
melon is ufually cut, and fuppofed to be fpread fiat 


wui juit uoat : out 11 tnnainmaoie air oe Hied ot ? tne 
weight of common air, the difference between >} and & 
of >t, is 11 by which dividing y or io*, the quotient 
as the fame (of feet, which therefore is the diameter of 
an inflammable-air balloon that will juft float. And 
if the diameter be more than thefe dimentions, the 
balloons will rife up into the atmofphere. 

The height nearly to which a given balloon will rife 
in the atmofphere, may be thus found, having given 
only the diameter of the balloon, and the weight which 
juft balances it, or that is juft neceffary to keep it from 
rifing: compute the capacity or content of the globe 
in cubic feet, and divide its reflraining weight in 
ounces by that content, and the 
quotient will be the difference be- TtcIgKT be nitty, 
tween the denfity or fpecific gravity _____ 

of the atmofphere at the earth’s fur- o 1 *200 

face and that at the height to which ’ $ l *141 

the balloon will rife ; therefore fob- £ 1 085 

ti aft that difference or quotient from { 1*031 

i jori’2, the denfity at the earth, I 0*980 

and the remainder will be the denfity il 0*932 

at that height: then the height an- if 0*886 

fwering to that denfity will be found t| 0*842 

fufficicntiy near in the annexed table. 2 0*800 

Thus, in the foregoing examples, in 2£ 0*761 

which the diameter enthe balloon is 2j 0*723 

35; feet, its capacity 22458, and the * aj■ 0*687 

ferity of the firft one-995 poundfe, or 3 0*6 53 

>5920 ounces, the quotient of the 
latter number divided by the former, is '709, which la 
the denfity at the utmoft height, and to which in the 
tableanfwere alittlemorethau2 £ miles, or 2 f miles nearly, 
which therefore is the height to which the balloon will afr 
ceni, And when the fame balloon was filled with heated 
air, its kvity was found equal to only 133 pounds,or 2128 
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our. now tne eages or men pieces cannot oe exae 
deferibed by a pair of compares, not being circular, 
but flatter or lefs round than circular arches; but if 
the flips arc fufficicntiy narrow, or numerous, they will 
differ the lefs from circles, and may be deferibed as 
fuch. But more accurately, the breadths of the flip, at 
the feveral diftances from the 
point to the middle, where it is A. 

broadetl, are direftly as the fines J \ . •; 74 

of thofe diftances, radius being L. . *^2 

the fine of the half length of the f —JL. .^co 

flip, or of the diftance of either L -A 3 

point from the middle of the 4 -\.-Otij 

flip: that is. If AC CD be one W-.Kfirt 

of the flips, AB being half the c -.y^o 

circumference, or AE a qua- a - -yKj 

drant conceived to be equal to /< —w —y\ t— j -uqo 

AC qr ADj then will CD M 

be to a b, as radius or the fine J 

of AC, to the fine of A a. So \ J 
that if the quadrant A E or AC \ j 

be divided into any number of \ / 

equal parts, as here fuppofc 9, \ J 

then divide the quadrant or 90 \ / 

degrees by the number of parts > * 

9, and the quotient 10 is the B 

number df degrees in each part j 


me lcvcrai Drcantns ao t ea, ej, &c, will be telrec- 
tively the fine* of 80®, 70®, 60®, &c, which are here 
placed oppofite them, the radius being 1. Therefore 
when it is propofed to cut out flips for a globe of 
a given diameter \ compute the circumference, and 
make AE or AC a quarter of that circumference, and 
CD of any breadth, as 3 feet, or z feet, or any other 

quantity ; 
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■oasttty; then multiply each of tbpfletfnui pumbcrt, 
let onpontc the figure, by that quantity, or breadth of 
CD, fo lhall the products be the feveral breadth* 
cJ, efc &c. > , 

Various fchemes have been devifed for conducing bal¬ 
loons in any direction, whether vortical or tideways. As 
to the vertical direftions, namely upwards or downwards, 
the means are obvious, viz. in order to afeend, the 
aeronaut throws out fome ballait; and that he . may 
defeend, he opens a valve in the top of his machine 
by means of a firing, to k.t fome of the gas.cfcape ; 
or if it bo a montgolfier, bo increafes or diiuinifhes the 
fire, as he would afeend or defeend. But to direft the 
machine in a fide or horizontal courfe, is a very diffi¬ 
cult operation, and what has hitherto not been accotn- 
plillicd, except in a fmall degree, and when the current 
of air is very gentle indeed. The difficulty of moving 
the balloon tideways, arifes from the want of wind 
blowing upon it; for as it floats along with the current 
of air, it is relatively in a calm, and the aeronaut feels 
no more wind than if the machine were at reft in a 
perfect calm. For this reafon, any thing in the na¬ 
ture of fails can be of no ufe ; and all that can be 
hoped for, is to be attempted by. means of oars; and 
how fmall the effeft of thefe mud be, may. cafily 
be conceived from the tarity of the medium againfi 
which they muft aft, and tlu: great magnitude of the 
machine to be forced through it. We can eafily 
aflign what force is ncccffary to move a given ma¬ 
chine in the air with any propofed velocity. From 
very accurate experiments 1 have determined, that a 
globe of inches in diameter, and moving with a 
velocity of 2Q feet per fecond of time, fullers a re- 
liftance from the air which is juft equal to the weight 
or preffure of one ounce Avcrdupois j and farther 
that with different furfaces, and the fame velocity, 
the refiflances are direftiy proportional to-, the furfacc. 
nearly, a double furface having a double refinance, 
a triple furfacc a triple refillancr, and fo on ; aud alfo 
that with different velocities, the rdiftances arc pro¬ 
portional to the fquares of the velocities nearly, Co that 
a double velocity produced a quadruple rcfiftaijce, and 
three times the velocity nine times the refinance, aud 
fo on. And hence we can aflign the reliftancc to move 
a given balloon, with any velocity. Thus, lake the 
balloon as before of 35 feet diameter; then by cbmpari- 
fon as above it is found that this globe, if moved with 
the velocity of 20 feet per fecond, or almoil 14 miles per, 
hour, will fuffer a refiftauce equal to 271 pounds} to 
move it at the rate of 7 miles an hour, the refiftance 
will be 68 pounds; and to move it 3^ miles an liour, 
the refiftance will be 17 pounds; and fo on: and with 
fuch force muft the aeronauts aft on the air in a con¬ 
trary direftion, to communicate fuch a motion to the' 
machine. And if the balloon move through a rarer 
part 0/ the atmofpherc, than that at the furface of the 
earth, as j, or J, Sec, rarer, and coufequently the refift¬ 
ance be Ids in the fame proportion; yet the force of 
the oare will be diminifhed at much ; and therefore the 
fame difficulty ftill remains. In general, the aeronaut ’ 
muft firike the air, by means of lus oars, with a force 
juft equal to the refiftance of the air 6n the balloon, 
and therefore he muft firike that air with a velocity 
which muft be greater as the furface of the oar it lew 
3 


thin the refilled furface of the globe, but hot in the 
fame proport ion, becaufe thje force it as the fqnare of the 
velocity. 

Now fuppofe the aeronaut aft with an oar equal to 
too fquare feet of furface, to move the balloon above 
mentioned at the rate of 26 Feet per fecond, or 14 miles 
an hour; then muft he move this oar with the great 
velocity of 62'feet per fecond, or near 4^ miles per 
hour: and fo in proportion for other velocities of the 
balloon. FrortT whence it is highly probable, that it 
will never be in tire power of man : to guide fuch ma¬ 
chine with any tolerable degree of fucctfs, efpecially 
when any conliderable wind blows, which is aunoft al¬ 
ways the cafe. 

As fome aeronauts have thought of ufing parachutes, 
made fomrthing like umbrellas, to break their fall, in 
cafe of any accident happening to the balloon, we lbatt 
here confiuer the principles and power of fuch a ma¬ 
chine. Let ns fuppofe a beffon wants to know what 
the fize of a parachute mult be, that be may defeend 
with it at the uniform rate of 10 feet in a fecond, which 
is nearly equal to the velocity he acquires by falling or 
leaping from the height only of 17 inches, and .which 
it » prefumed he may do'with fafety. Now m order 
to defeend with any uniform velocity, the refiftance of 
the air muft be equal to the whole weight that defeends : 
then fnppofe the weight of the aeronaut to be 150 
pounds, and that the parachute is fiat, and circular, 
and made of fuch materials as that every fquare foot of 
its furface weighs 2 ounces, and farther that the weight 
increafes in the feme proportion at the furface; then 
the diameter of the parachute neccffary to defeend with 
the moderate velocity of to feet per fecond, mull be 
upwards of 78 fett in diameter r but if the parachute 
be not a flat furface, but concave on the lower fide, ita 
power will be rather the greater, and the diameter may 
be fomewbat iefs. If it be required to know the power 
of a flat circular parachute, or what refiftance it meets 
with from air of a mean denfity, when defending with 
a given velocity ; fay as the number 800 is to the Tqnare 
of :he velocity in feet, fo is the fquare of the diameter 
in feet, to a fourth number, which will be the refin¬ 
ance in puuuds. And hence, if it be required to know 
with what velocity a parachute will defeend with a 
given weight; fay as the given diameter is to the fquare 
root of the weight, fo is tnc number 28 J to a fourth 
term, which wifi be the velocity when the defeent is in 
air of a mean denfity. So if the diameter of a balloon 
be 50, and its weight' together with that of a man be 
530 pounds, the fquare root of which is 23 very nearly ; 
then as 50 : 23 :: r H 5 : fo that the man and para¬ 

chute will defeend vvith the velocity of 13 feet per fecond ; 
which it is prefumed he may lately do, as he would 
meet with a fhock only equal to that of leaping freely 
from a height only of 2 feet 2 inches. 

The methods of extrafting inflammable air from 
various fubilances, for filling balloons, and for other 
piirpofes, may be feen under the words Air and Gas. 
And a* to the methods of filling and conftruftingr 
balloons, being matters merely mechanical, they are 
omitted in' this place. 

Ample information however on thefe, and marty 
other particulars, may be met with iff feveral books 
exprclsly written on the fubjeft; as in Cavallo's Hiftory' 

and 
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ami Pra&ice of Acroftation, 8va, j 785 s ia Baldwin’s 
Airopaidia, 8 vo, 1786 j See. 

It has often been difeuffed, fays the Former ©F thefe 
gentlemen, whether the preference Ihould be given to 
machines raifed by inflammable air, or to thole railed 
by heated air. Each of them has its peculiar advan¬ 
tages and di fad vantages; a juft con fi deration of which 
feems to decide in favbuT of thofe made with inflam¬ 
mable air. The principal comparative advantages of 
the other fort arc, that they do not require to be made 
of fo expen live materials; that they are filled with 
little or no expence; and that the combuflibles necef- 
ittry to fill them are found almoft every where; fo that 
when the flock of fuel is exhauited, the aeronaut may 
defeend and recruit it again,.in order to proceed on his 
voyage. But then this fort of machines mull be made 
larger than the other, to take , up the fame weight; 
and the prefence of a fire is a continual trouble, and a 
continual danger: In faft, among the ‘many aerial 
voyages that have been made and attempted with fuch 
machines, very few have fucceeded without an incon¬ 
venience, or an accident; and fome indeed have bten 
attended with dangerous and even fatal confequences; 
from which the other fort is i‘q a great mcafure exempt. 
But, on the other hand, the inflammable air balloon 
muft be made of a fubftauce impermeable to the fublle 
gas: the gas itfelf cannot be produced without a con¬ 
siderable expence $ and it is not eafy to find the mate¬ 
rials and apparatus ncceffary for the produ&ion of it 
in every place. However, it has been found that an 
inflammable-air balloon, nf 30 feet in diameter, may be 
made fo ciofe as to fuftain two perfons, and a confider- 
able quantity of ballaft, in the air for more than *4 
hours, when properly managed; and poifibly one man 
might be fupported by the fame machine for three days: 
and it is probable that the fluff for thefe balloons may 
be fo for improved, as to be quite impermeable to the 
gas, or very nearly fo; in which cafe, the machine, 
once filled, would continue to float for a long fpace of 
time. At Paris they have already attained to a great 
degree of perfedhon in this point; and finall balloons 
have been kept floating in a room for many weeks, 
without lofing any confidcrable quantity of their levity: 
but the difficulty lies in the large machines: for in 
thefe* the weight of the ftufl itfelf, with the weight 
and ftrefs of the ropes and boat, and the folding them 
up, may eafily crack and rob off the vamifb, and make 
them leaky. 

In regard to philofophical obfervationt, derived from 
the new fubjedt of aeroftption, there have been very 
few made; the novelty of the diicovery, and of the 
profpedi enjoyed from the car of an aeroftatic machine, 
have commonly diitra&ed the attention of the aeronauts; 
not to remark that many of the adventurers were in¬ 
adequate to the purpofe of making improvements‘in 
philofophy, bring numly influenced either by pecuniary 
motives, or the vanity of adding their -name* to the lift 
«f aerial travelers^—The agreeable fttHnefa and tran¬ 
quillity experienced aloft in the aunofphere, have been 
matter of jpmeral obfervation. Some machines have 
afeended to a great height, aa far, it ha« been laid, aa 
two miles; and they ha*e commonly paffed through 
fogs and clouds, above which they have enjoyed the 
clear light and heat of the fun, whim the earth beneath 


was adhtally covered by denfc clouds, which poured 
down abundance of rain. In afeending very high, the 
aeronauts have often experienced a patn in their ears, 
anting, it is fuppofed, from the internal air being riot 
of the fame deniity a* the air without; but jhe pain 
ufttaiiy went off id a fhort time: and it feems that this 
effedt is finiitar to what is experienced by perfons who 
defeend by a diving-bell to' confidcrable depths in the 
fea : I remember often to have heard the late unfortu¬ 
nate Mr. Spalding, the celebrated diver, fpcak of this 
effedt, with a marked and philofophical accuracy: after 
defeending two or three fathoms below the fur face, he 
began to feel a pain in his ears, which gradually in- 
created to a very great degree if the deicent was too 
quick ; his method was therefore to defeend flowly, and 
to make a flop for fomc minutes at the depth of 5 fa¬ 
thom, which is equal nearly to the preffure of the at- 
mofphere, and where confequently the'air in his bell 
was of double the deniity uf common air at the ftirface ; 
after relling here awhile, his ears, as he exprefl'ed it, 
gave a crack, and he was fuddenly relieved of the pain. 
He then descended 5 fathoms more, with the fame 
fymptoms, and the fame cffedl: and fo on continually, 
from one five fathoms to another, defeending leifurely, 
and flopping a little at each ftngc, to give time for his 
conflitution to adapt itfelf to the degree of condenfation 
of the air; after which he felt no more inconvenience, 
till he came to afeend again, which was performed with 
the fame caution and cirCumftanccs. One experiment 
is recorded, in which the air of a high region, being 
brought down, and examined by means of uittous air, 
was round to be purer than the air below. The tem¬ 
perature of the upper regions too, it has been found, ia 
much colder then that of the air near the earth; the 
thermometer, in fome aeroftatic machines, having de¬ 
scended many degrees below the freezing point of water, 
while it was confiderably higher than that degree at 
the earth’s furface. 

JESTIVAI., fee Estival. 

ASTUARY, or Estuary, in Geography , an arm 
of the lea, running up a good way into the land. Such 
as Briftol channel, many of the friths in Scotland, and 
foch like. 

jETHER, fee Erma. 

AFFECTED, or Aovectfu, Equation, ia 
jtlgebra, is an equation in which the unknown quantity 
rifes to two or mort; fcveral -powers or degrees. Such, 
for example, is the equation x 1 — px * + qx = r, in 
wh : ch there are three different powers of x, namely, 
a*, x\ and x. 

The term, affcdled, is alfo ufed fometimes- in alge¬ 
bra, when fpeaktng of quantities that have co-elncients. 

TLuk’in the quantity i a, a is 'faid to be afledted with 
the co-efficient a.' 

It is alfo faid, that an algebraic quantity is affi xed 
with the fign -f- or —, or with a radical fign ; mean ng 
no more than that it has the fign + <nr —, or that it 
includes a radical fign. 

The term adfe&ed, or affcdled, I think, was intro* 
* duced by Viets. 

AFFECTION, in Geometry, a term ufed by fome 
ancient writers, fignifyingthe fame as property. 

ArnecTioM. rhyf. The affe&iona of a body 
are certain modifications occafioned or induced by 
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notion t in virtue of which the body is difpofed after 
fuch, or fuch a manner. 

The affcAions ofbodics, are iometimeadivided into 

primary and fecondary. 

Primary AjfeSions, are thofe which arife either out 
of the idea of matter, as magnitude, quantity, and 
figure; or out of the idea of form, aa quality and 
power) or out of both, as motion, place, and time. 

Secondary, or derivative AffeSions, are fuch aa arife 
out of primary ones, as divisibility, continuity, contS- 

S , &c, which arife out of quantity t regularity, ir- 
srity, &c, which arife out of figure, Itc. 
"AFFIRMATIVE Quantity, or Positive 
Quantity, one which is to be added, or taken 
efleAively ; in contradifliuAion to one that is to be fub- 
trafted, or taken defe&i vely.—The term affirmative 
was introduced by Vieta. 

Affirmative Sign, or Positive Sign, in Alge¬ 
bra , Ur* fign of addition, thus marked 4 *, and is called 
flue, or more, or added to. When fet before any fingle 
quantity, ir ferves to denote that it is an affirmative or 
a poiitive quantity ; wheu fet between two or more 
quantities, it denotes their fum, llit-wing that the latter 
are to he added to the former. So - 4 - 6, and 4 * a , and 
4* AB, are affirmative quantities; alfo 4 * 6 4 * 8 4 * 
lo denote the fum of 6, 8, and to, which is 24, and 
are read thus, 6 plus 8 plus 10. Alfo a + b + c de¬ 
note the fum of the quantities reprefented by a , b and r, 
when added together. It feems now not eafy to afeer- 
tain with certainty, when, or by whom, this fign was 
firil introduced ; but it was probably by the Germans, 
as I find it iirft ufed by Stifelius in his Arithmetic, print¬ 
ed in 1544. 

The early writers on Algebra ufed the word flue lit 
I.atin, or piu in Italian, for addition, and afterwards 
the initial / only, as a contraAion ; like as they ufed 
tninui , or rneno, or the initial tn only, for fubtraAion : 
and thus thefe operations were denoted in Italy by 
Lucas de Burgo, Tartalea, and Cardan, while the figns 
4* and — were employed much about the fame time 
in Germany by Stifelius, Scheubelius, and others, for 
the fame operations. 

AGE, in Chronology , is ufed for a century, being 
a fyitem or a period of a hundred years. 

Chronologifts alfo divide the time ftnee the creation 
of the world into three ages 1 The iirft, from Adam 
till Mofes, which they call the age of nature; the fe- 
cond from Mofes to Jefus Chrift, called the age of the 
law $ and the third, or age of grace, from Jefus Chrift 
• till the end of the world. 

Age of the Moon , in Aftronomy, is the number.of 
days elapfed fince the laft new moon. To find the 
moon’f age, for any time nearly, for ordinary ufesj 
add together the epaA, the day of the current month, 
and the number of months from March to the prefent 
month inclufive; the fum is the moon's age: but if 
the fum exceed 29, deduA 20 from it in months that 
have 30 days, or 30 in thofe that have 31; and the re¬ 
mainder will be the age.-—At the end of 19 years the 
moon’s age returns upon the fame day of the month, 
but falls a little fhort of the lame hour of the day. 

AGENT, Agent, in Phyjics , that by which a thing 
is done or cffcAed j or any thing haviug a power by 


which It aAs on another, tailed the patient, or by it* 
aAion induces Come change in it. 

AGGREGATE, the fum orrefultof fevcral things 
added together. See Sum. 

AGITATION, in Phyjict, a brifk inteilinemotion, 
excited among the particles of a body. Thus fire agi¬ 
tates the fubtleft particles of bodies. Fermentations, 
and effervefcences, are produced by a brifk agitation of 
the particles of the fermenting body. 

AGUILON (Francis), or Aquilon, was ajefuit 
of .Bruftels, and profeflbr of philofophy at Doway, and 
of theology at Antwerp. He was one of the firft 
that introduced mathematical ftudies into Flanders. He 
wrote a large work on Optics, in 6 books, which was 
publifhed-in folio, at Antwerp, in 1613; and a treatife 
of Projefiiont of the Sphere. He promifed alfo to treat 
upon Catoptrics afcd Dioptrics, but this was prevented 
by his death, which happened at Seville, in the year 
1617. 

AIR, in Phyjict, a thin, fluid, traitfparent, claftic, 
compreffible, and dilatable body, which furrounds this 
terraqueous globe, and covers it to a confiderable 
height. 

Some of the ancients confidered air as an element* 
namely, one of the four elements, air, earth, water,, 
and fire, of which they conceived all bodies to be com¬ 
peted ; and though it be certain that air, taken in the 
common acceptation, be far from the fimplicity of aa 
elementary fubftance, yet fume of its parts may pro¬ 
perly be io called. So that air may be diftinguiffied 
into proper or elementary, and vulgar or heterogene¬ 
ous. # 

Elementary Air, or Air properly fo called, is a fub* 
tie, homogeneous, elaftic fluid ; being the bafis, or 
fundamental ingredient, of the whole air of the atmo- 
fphere, from which it takes its name. And in this 
fenfe Dr. Hales, and other modern philofophcrs, con- 
fider it as entering into the compcfition of mod, or 
perhaps all bodies; ex HI mg in .them in a folid ftate, 
devoid of its clafticity, and moil of its dillinguiihing 
properties, and ferving as their cement; but, by certain 
precedes, capable of being difengaged from them, re¬ 
covering its elailicity, and rcfembling the air of our at- 
mofphcre. 

The particular nature of this aerial matter we know 
but little about: what authois have faid concerning it 
being chiefly conjeAural. There is no way of exa¬ 
mining air pure and defecated from the fevcral matters 
with which it is mixed; and confequently we cannot 

J ironounce what are its peculiar properties, abitraAedly 
rom other bodies. 

Dr. Hook, and fome others, maintain that it is the 
fame with the ether, or that imaginary fine, fluid, 
aAivc matter, conceived to be dinufed through the 
whole expanfe of the celeftinl regions : which comes to 
much the fame thing as Newton’s fubtle rnedium, or 
fpirit. In this fenfe it is fuppof.-d to be a body Jut 
generis, incorruptible, immutable, incapable of being 
generated, but prefent in all places, and in all bodies. 
Other philofophcrs place its effence in clafticity, 
making that its diftiu&ive charaAer, Thefe fuppofe 
that it may be generated, and that it ia nothing die 
but the matter of other bodies,'rendered by the 

changes 
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elafticity. Mr, Boyle produces a numbcro? experi- 'of the atmolphere, pcrtinpilhe principal arc Men a* 
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Is, according to him, the extraction of a fentil 4 ^im> 
tity of air irom a body in which there appeared to be 
' little or none at all, by whatever means this may be 
effe&cd. He obferves that among the different methods 
for this purpofe, the chief are fermentation, corroiion, 
diiTolution, decompofition, ebullition of water and 
other fluids, the reciprocal aftion of bodies, efpccially 
faline ones, upon one another; he-adds, that different 
folid and mineral bodies, in the parts of which no 
elafticity could be conceived to exift, being plunged 
into corrofive mediums, which alfo are quite unelauic, 
will, by the attenuation of their parts from their mu¬ 
tual couifion, produce a couiiderablc quantity of elaf- 
tic air. , 

Sir Ifaac Newton is of the fame opinion, according 
to whom the particles of u denfe coinpaft fixed fub- 
fiance, adhering to each other by a powerful attrac¬ 
tive force, cannot be feparated but by a violent heat, 
and perhaps never without fermentation ; and thefe 
bodies, rarefied by heat and fermentation, arc finally 
transformed into a truly permanent elaflic air. On 
thefe principles, he adds, gunpowder produces air on 
cxplofton. Optics, Qu. 31, &c. 

Common , or heterogeneous A in, is an aflemblagc of 
Corpufcles of various kiads, which together conftitutc 
one fluid mafs, in which we live and move, and which 
we conftantly breathe ; which compound mafs altoge¬ 
ther, is called the atmofpherc. 

In this popular and extenfive meaning of the term, 
Mr. Boyle acknowledges that air is the rfloil heteroge¬ 
neous body in the univei fe; and Bocrhaave proves that 
it is an univerfal chaos, a mere jumble of all fpecics of 
created things. Bcfidcs the matter of light or fire, 
which continually flows into it from the celeftial bodies, 
and perhaps the magnetic effluvia of the earth, whatever 
fire can volatilize mufl be found in the air. 

Hence, for inflance, 1. All forts of vegetable matter 
mufl be contained in the air; being either exhaled from 
plants growing all over the face of the earth, or rendered 
volatile by putrefaction, not excepting even the more 
folid and vafctilar parts of them. 

z. It is no lefs certain that the air mitft contain par¬ 
ticles of every fubftancc belonging to the animal king¬ 
dom. For the copious emanations which are perpe¬ 
tually {Ruing from the bodies of animals, in the per- 
fpiration conftantly kept up by the vital heat, are ab- 
forbed by the air; and in fuch quantities too, during 
the courfe of an animal life, that, could they be recol- 
le£ted, they would be fuffleient to compote a good 
round number of the like animals. And beGdes, when 
a dead animal continues expo fed to the air, all its par¬ 
ticles evaporate, and are ouickly diflipoted 5 fo that the 
fubftance which compofcd the animal, it almoft wholly 
incorporated with the air. 

3. The whole foffil kingdom mull necefiarily be 
found in the atmotphere ; for all of that kind, asfolts, 
fulphurs, ftoncs, metals, &c, are convertible into fume, 
and mull coiifcquently take place among aerial fub- 
fiances. Gold itfclf, the tnoft fixed of all natural bo¬ 
dies, it found among ores, clofely adhering to fulphurs 
in mines, and to is raifed along with the mineral. 


they are of a nitrous kind; but Jt it probable that they 
, ate of all fort*, as vitml, alum, marine fait, arid many 
others.. And Mr. Boyle thinks that there may be 
great quantities of compound falts, not to be met xVitli 
on or in the bowels of the earth, formed by the for¬ 
tuitous concourfe and mixture of different faline fpirita. 

Wc often find the wtndow-glafs of. old buildings 
corroded, as if eaten by worms; though we know of 
no particular fait that is capable of producing fuch an 
effcdl. 

Sulphurs too mull make a cotiGderablc portion of this 
compound mafs, on account of the many volcanos,grotts, 
caverns, and mines, difperfed over the face of the globe. 

Finally, the various attritions, reparations, diflbln- 
tions, and other mutual operations ut matter of differ¬ 
ent forts upon one another, may be regarded a:- the 
fources of many other neutral, or anonymous bodies, 
unknown to us, which rife and float in the air. 

Air, taken in this extenfive feufe, is one of the mod 
general and confiderable agents In nature; being con¬ 
cerned in the preservation of animal and vegetable 
life, and in the production of mod of the phenomena 
that take place in the material world. 

Its properties and effedts, having been the principal 
objects of the refcarches and difcovcrics of modern 
philofophers, have been reduced to precife laws and 
demonllrations, forming no incouftdcrable branch of 
mixed mathematics, under the titles of Pneumatic:, 
Aeromctry, &c. 

Mechanical Properties anti EffePs of A IK. Of thffe 
the moll confiderable arc its fluidity, its weight, and 
its elafticity. 

I. Its Fhti<!ity.-~ The great fluidity of the air is 
manifeft from the great facility with which bodies tra- 
verfe it; as in the propagation of, and cafy conveyance 
it affords to, founds, odours and other effluvia and ema¬ 
nations that cfcape from bodies: for thefe effedts prove 
that it is a body whofc parts give way to any force, and 
in yielding arc eafily moved amongft the mfelvcs 5 which 
is the definition of a fluid. That Ore air is a fluid is alfo 
proved from this circumftance, that it is found to exert 
an equal preflure in all dire&ions; an effeft which 
could not take place otherwife than from its extreme 
.fluidity. Neither has it been found that the air can be 
deprived of this propel ty, whether it be kept for many 
years together confined in glafs vefiels, or be expo fid 
to the greateft natural or artificial cold, or condenied 
by the moft powerful ptefiure; for in none of theft* 
circumftances has it ever been reduced to a folid ftatev 
It is true indeed that real permanent air iMy be ex- 
trailed from folid bodies, and may alfo be ablorbcd by 
them ; and wc alfo know that' in this cafe it mufl be 
exceedingly condcnfed,' and reduced to a bulk many 
hundred times lefs than in its natural ftate: but in what 
form it exilic in thofc bodies, or how their particles are 
combined together, is a myftery which remains hitherto 
inexplicable. 

Tuofe philofophers who, with the Cartefmns, make 
fluidity to coufin in a perpetual intcfline motion of the 
parts, think they can prove that this chara&er belongs 
to air: thus, in a darkened room, whete the reprefen- 
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Nations of externa! object are introduced by a fingle 
ray, the corpufcles with which the air ia. replete, are 
feen to be in a continual fluctuation. Some moderns 
attribute the fluidity of the air, to the fire which is 
intermixed with it; without which, fay they, the whole 
atmofpherc would harden into a folid impenetrable 
mafs : and indeed it muft be allowed that the more fire 
it contains, the greater will its fluidity, mobility, and 
permeability be; aijd according as the different poli¬ 
ticos of the fun augment or diminilb the degree of 
fire, the air always receives a proportional temperature, 
and is kept in a continual reciprocation. 

2. Its Weight or Gravity. —The weight or gravity 
of the air, is a property belonging to it as a body $ 
for gravity is a property eflentialto matter, or at leaft 
a property found in all bodies. But independent of 
this, we have many direft proofs of its gravity from 
fenfe and experiment: thus, the hand laid clofe upon 
the end of a vcffcl, out of which the 'air is drawn at 
the other end, loon feels the load of the incumbent at- 
mofphere : thus alfo, thin glafs refills, exhauited of 
their air, are eafily entitled to pieces by the weight of 
the external air: and fo two hollow fegments of a 
fphere, 4 inches in diameter, cxaftly tilting each other, 
being emptied of air, arc, by the weight ot the ambient 
air, prdfed together with a force which requires the 
weight of t SH pounds to feparate them ; ami that they 
arc thus forcibly held together by the preffure of the 
air, is made evident by fufpending them in an exhaulled 
receiver, for then they quickly feparate of thcmfclvcs, 
and tall afundcr. Again, if a tube, clofe at one end, 
be filled with quicklilvcr, and the open end be immerged 
in a bafon of the fame fluid, and fo held upright, the 
quieklilver in the tube will be kept raifed up in it 
to the height of about 30 inches above the furfacc of 
that in the bafon, being fuppoited and balanced by the 
preffure of the external air upon that furfacc : and that 
this is the eaufc of the fufpenfion of the qtiickfilver in 
the tube, is made evident by placing the whole appara¬ 
tus under the receiver of an air-pump ; for then the 
fluid w ill defeend in the tube in proportion as the re¬ 
ceiver is exhaulled of its air ;• and then on gradually 
letting in the air again, the quicklilvcr reafeends to its 
former height in the tube: and this is what is called, 
from its inventor, the Teuiccllian experiment. Nay 
farther, air can actually be weighed like .any other 
body ; for a rigid vellll, full even of common air, by .a 
nice balance is found to weigh more than when the air 
is exhaulled from it; and the 1 fleet is proportionally 
more fallible, if the vcfi'cl be weighed full of condenfed 
air, and more if ill if it be weighed in a receiver void 
of air. 

Blit although wc have innumerable proofs of the 
gravitating property of the air, yet the full difeovoy 
of the laws and circumltances of it are Certainly due 
to the moderns. ]t cannot indeed be ditiied, that 
fcveral ol the ancients bail foinc tonfufed notions about 
tliis propel ty : thus Arillotle fays that all the elements 
have gravity, and even air itfelf; and as a proof of it, 
fays 'hat a bladder inflated with air, weighs more than 
the fame when empty ; and Plutarch and Jstobxus quote 
him as leaching that the air in its weight is between 
that of iiie ami of earth; and farther, he himfclf, 
treating of refpirat.ou, reports it as the opinion of 
Vol. I. 


Empedocles, that he aferibes the caufe of it to (He 
weight of the air, which by its preffure forces itfelf 
into the lungs; and much in the fame way are the fen- 
tfMmts of Afclepiadcs exprefled by Plutarch, who re* 
prefents him as faying, among other things, that the 
external air, by its weight, forcibly opened its way into 
the bread. Hut neverthuefs it is certain, liowevtr un- 
reafonable it may feem, that Ariftotle's followers de¬ 
parted in this inttancc from their matter, by aiferting 
the contrary for many ages together. Indeed many of 
the phenomena arifmg from this property, liavo been 
remarked from the higheft antiquity. Many centuries 
fiucc, it was known that by fucking the air from an 
open pipe, having its extremity inimcrfed in water, 
tin's fluid rifes above its level, and occupies the place 
of the air. In confequencc of fuch obfe-nations, fuck¬ 
ing pumps were contrived, and various other hydraulic 
machines ; as Heron’s fyphons, defciibed in his Spiri- 
talia or Pneumatics, and the watering pots known in 
Ariilotle’s time under the name of cL-fJ'ydree, which 
alternately flop or run as the finger elofes or opens their 
upper orifice. Indeed the realon afiigned, by pbilolo- 
piiers many' ages after, for this phenomenon, was a pre¬ 
tended horror that nature conceives for a vacuum, 
which, rather th . n endure it, makes abodyafeend con¬ 
trary to the powerful felicitation of its gravity. Even 
Galileo, with ali bis fagacitv, could not for fome time 
hit upon any thing more hit is factory ; for he only 
afiigned a limit to this dread of vacuity: having ob- 
feived that fucking pumps wojild not raife vvatgr 
biglu-r than 16 braffes, or 34 Englilh feu, he limited 
this abhorring force of nature, to one that was equiva¬ 
lent to the weight of a column of water 34 feet high, 
on the fame bate as the void fpace. Coufequently he 
pointed out a way of making a vacuum, by means of 
a hollow cylinder, whofe pillon is charged with a weight 
fufficient to detach it from the clofe bottom turner^ 
upwards : this cfi'oit be called the mcafure of the force 
of vacuity, and made ufe of it for explaining the co- 
hcilon of the parts of bodies. 

Galileo however was well apprifed of the weight of 
the air as a body : in his Dialogues he (hews two ways 
of demonllraiing it, by- weighing it in bottles: the 
tranfition was cafy fiom one difeovery to another: yet 
Hill Galileo’s knowledge of the matter was imperfect, 
that is, as to the particular inttance of the fu(penlion 
of a fluid above its level, by the preffure of the external 
air. 

At length Torricelli fell upon the lucky gudj^ that 
the coutiterpoife which keeps fluids above theirlew], 
when nothing prefles upon their internal fuiface, is the 
mafs of air retting upon the external one. He di(co¬ 
vered it in the following manner: In the year 1643 
this difciple of Galileo, on occafion of executing an 
experiment on the vacuum formtd in pumps, above 
the column of water, when it exceeds 34 feet, thought 
of tiling fome heavier fluid, fuch as quicklilvcr. He 
conceived that whatever might be the caufe by which 
a column of water of 34 feet high is fuilained above 
its level, the.fame foice would fultain a column of any 
other fluid, which weighed as much as that column of 
water, on the fame hate ; whence he concluded that 
quicklilvcr, being about 14 times as heavy as water, 
would not be fuilained higher than 20 or 30 inches, 
H He 
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He therefore took aglafstube of fewral feet in length, 
baled it hermetically at one end, and tilled it with quick* 
filvcr; then inverting it, and holding it upright, by 
prefling his finger again It the lower or open orifice,me 
immerled that end iu a vefiel of quickfilvtr; then re¬ 
moving liis finger, and fu fieri rig the fluid to run out, 
the event verified his conjecture 5 the quickfil vtr, faith¬ 
ful to the laws of hvdrollatics, defeeiided till theeoluinn 
of it was about 3c ineiies High above the fur face of that 
in the vclfcl below. And lienee Torrieiui concluded 
that it was no other than the weight of the air incum¬ 
bent on the Airfare of the external quicklilver, which 
counterbalanced the fluid contained iu the tube. 

By this experiment Torricelli not only proved, what 
Galileo had done before, that the air had weight, but 
al<b that it was its weight which kept water and quick- 
filter rtiifed in pumps and tubes, and that the weight 
of the whole column of it was equal to that of a like 
column of quicklilver of 30 inches high, or of water 
34 or 3j feet high ; but he did not al'ccrtaiu the weight 
of any particular quantity of it, as a gallon, or a cubic 
foot of it, nor its fpecific gravity to water, which had 
been done by Galileo, though to be fine with no great 
accuiucy, for he only proved that water was more than 
400 times heavier than air. 

Torricelli’s experiment became famous in a (halt time. 
Father Merfcnne, who kept up a coirtl’poiidence with 
moil of the literati in Italy, was informed of it in 1644, 
and communicated it to thofe of France, who prefcntlv 
repeated the experiment : MtfTrs. Pufeal and Petit made 
it firft, and varied it feveral ways ; which gave oceafion 
to the ingenious treatil'e which Pafcal published at 23 
years of age, intitlcd Experiences NouvcILs tovchnnt In 
WuiJe. In this treatife indeed lie makes ufe of the old 
principle of fuga vneui; but afterwards g< tting fume 
notion of the weight of the air, he loon adopted Tor¬ 
ricelli's idea, and devifed feveral experiments to confirm 
it. One of tltcfe was to procure a vacuum above the 
refervoir of quicklilver; in which cafe he found the 
column fink down to the common level: but this ap¬ 
pearing to him not fiifficiently powerful to diflipate the 
prejudices of the ancient phiiofophy, lie prevailed on 
m. Pcrier, liis brother-in-law, to execute the famous 
experiment of Puy-de-Dommc, who found that the 
height of the quickfdver half-way up the mountain was 
lei’s, by .fome inches, than at the foot of it, and Hill Ids 
at the top; fo that it was now put out of doubt that 
it was the weight of the atmofplierc which countcr- 
poifctjiithe quickfdver. 

Des‘Cartes too had a right notion of this effedl of 
the air, to fultain fluids above their level, as appears by 
fome of his letters about this time, and fome years be¬ 
fore ; and in one of thofe he lays claim to- the idea of 
the Puy-de-Domme experiment: After having defired 
M. de Carcavi to inform him of the fuccefs of that 
experiment, which ^public rumour had advertifed him 
had been made by M. Pafcal Limfclf, he adds, “ I 
had rcafon to expert this from him, rather than 
from you, becaufe I firft propofed it to him two years 
fince, affuring him at the fame time, that although I 
had not tried it, yet I could not doubt of the confe¬ 
rence $ but as he is a friend of M. Roberval, who 
frofefiet himfelf no friend to me, I fuppofc he is guided 
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by that gentleman’s paffions.” See more of this hif- 
tory under Barometer. 

As to the actual weight of uny given portion of 
common air, it feems that Galileo was the lirft who 
determined it experimentally ; and he gives two-differ¬ 
ent methods, in liis Dialogues, for weighing it in bot¬ 
tles : he did not however perform the experiment very 
accurately, as he Hated from the refiilt that the gravity 
of water was to that of air rather above 400 to 1. 

A quantity of air was next weighed by Merfcnne i:t 
a vetv ingenious manner. His idea was to weigh a 
velli I both when full of air, and when emptied of it : 
to make the vacuum for this purpofe, he knew no bet¬ 
ter way than by expelling the air out of an colipilc by 
heating it red hot : by weighing it both when c- Id 
.and hot, lie found a certain difference; which however 
was not the exufl weight of that capacity of air, be- 
caulc the vacuum was not ptrfiel. But by plunging 
the colipilc, when red hot, into water, jufl fo much 
water entered as was equal in bulk to the air that had 
been expelled ; then lie took it out and weighed it 
with the water, which gave the weight of the fame bulk 
of water; and on computing tbi:. with the former dif¬ 
ference, or weight of air expelled, lie found their pro¬ 
portion to be as 1300 to i. Which is as wide of the 
truth as Galileo’s proportion, namely 4Coto t, but the 
contrary way. And it is reittaik.tblc that the mean 
between the two, namely 8 50 tj 1, i . very near the 
true proportion as fettled by other more accurate expe¬ 
riments. 

Mr. Boyle, by a more accurate experiment, found the 
proportion to be that of 938 to 1. And Mr. Ilankl- 
bcc found it as 850 to 1, proceeding on the fame prin¬ 
ciples as Merfcnne, with a three-gallon glals bottle, 
but ex trailing the air out of it with the air pump, i u - 
Head of expelling it by flic ; the height of the barome¬ 
ter being at that time 29*7 inches. Alio by other ac¬ 
curate experiments made before the Royal Society by 
Mr. Hauk/bec, Dr. Halley, Mr. Cotes, and others, 
the proportion was always between 800 and 900 to 1, 
but rather nearer the latter, namely, being firll found 
as 840 to t, then as 852 to 1, and a third time as 
to 1 ; the barometer then flanding at 2y-J- inches, and 
the weather warm. Mr. Cavcndifh determines the 
ratio 800 to 1, the barometer being 29^, and the ther¬ 
mometer at 50°; and Sir George Shuckbtirgh, by a 
very accurate experiment, finds it 836 to 1, the barome¬ 
ter being at that time at 29*27, and the thermometer 
at 51°. And the medium of all thefe is about 832 or 
or 833 to 1, when reduced to the prefTure of 30 inches 
of the barometer, and the mean temperature 55* of the 
thermometer- Upon the whole therefore it may lie. 
fafely concluded that, when the barometer is at 30 
inches, and the thermometer at the mean temperature 
55", the denfity or gravity of water is to that of air, as- 
833 \ to 1, that is as to t, or as 2500 to 3 ; and 
that for any changes in the height of the barometer, 
the ratio varies proportionally; andalfo that the denfity 
of the air is altered by the *‘nth part for every degree 
of the thermometer above or below temperate. 

This number, which is a very good medium among 
them all, 1 have chofen with the frail ion i, becaufe it 
gives exa&ly i\ ounce for the mean weight of a cubic 

foot. 



A I R 


AIR [5 

fbot of air, the weight of the cubic foot of water be¬ 
ing juft: 1000 ounces avert!upois, and that of quickfilver 
equal to 13600 ounces. 

Air, then, having been (hewn to be a heavy fluid fub- 
ftance, the laws of its gravitation and preffure mull be 
the fame as thole of water and other fluids; ami eon- 
fequently its preffure inuft be proportional to its per¬ 
pendicular altitude. Which is exactly conformable to 
experiment ; for on removing the Terticellian tube to 
different heights, where the column of air is Ihorter, tlie 
column of quickiilver which it fullains is Ihorter alfo, 
and that nearly at the tale of loo feet for T * 5 of an 
inch of quickiilver. And on thefe principles depend the 
llructure and tile of the barometer. 

And funn the fame principle it likewife follow? that 
air, like othei fluids, prefles equally in ail directions. 
And hence it happens that foft heidies endure lids prcl- 
Ime- witlnu.t change of figure, and hard or brittle 
bodies without breaking; being equally piffled on all 
parts; but if the prcfl'ure be taken oil’, or dimiuilhcd, 
on one lido, the efleet of it is immediately perceived 
on the other. See Atmosphere, for the total quan¬ 
tity of effects and prcfl'uic, and the laws of different 
altitudeJtc. 

l'iom the weight and fluidity of the air, jointly con- 
fideu-d, many effects and tifes of it may cafdy be de¬ 
duced. By the combination of thefe two qualities, it 
clofely invells the earth, with all the bodies upon it, 
conlLringing and binding them down with a great force, 
namely a preffure equal to about 15 pounds upon every 
fqtiare inch. Hence, for example, it prevents the arte¬ 
rial veflcls of plants and animals from being too much 
dill, tided by the impetus of the circulating juices, or 
by the elaftie force of the air fc» copioully abounding 
in them. For hence it happens, that on a diminution 
oi the preffure of the aii, in the operation of cupping, 
we lee the parts of the body grow tumid, which caufes 
an alteration in the circulation of the fluids in the ca¬ 
pillary veflels. And the fame e a life hinders the fluids 
from Iranfpiriug through the pores of their containing 
\ eflVls, which would otherwife caufe the greatell dcbilil y, 
and often defiroy the animal. To the fame two qua- 
liiiis of the air, weight and fluidity, is owing the mix¬ 
ture of bodies contiguous to one another, tlpccially 
fluids; for fcu-ral liquids, as oils and falls, which readily 
mix of thunfelvcs in air, will not mix at all in vacuo. 
With many other natural phenomena. 

3. Eliijlidiy. Another quality of the air, from 
whence arife a multitude of tfii-els, is its ekiflieity ; a 
quality by which it yields to the piciliou of any other 
bodies, by contracting its volume; and dilates and ex¬ 
pands itlclf again on the removal or diminution of the 
pieffine. This quality is the chief dillindive property 
of air, the other two being common to other fluids 
alfo. 

Of this property we have innumerable inftauccs. 
Tims, tor example, a blown bladder being fqueered 
in the hand, we find a feniihie leliffnnce from the in¬ 
cluded air; and upon taking off the pielfnie, the com- 
prefled paits immediately rtflore themfelvcs to their 
foimer round figure. And on this property of clafli- 
eity depend the llructnrc and ufes of the air-piunp. 

Every particle of air makes a continual effort to 
•l-lale it it It, and fo it aids Forcibly agaiuil all the neigh- 
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Louring particles, which alfo exert the like force in 
return ; but if tlit ir refillance happen to ccafe, or be 
weakened, the particle immediately expands to an im- 
trienfe extent. Hence it is that thin glafs bubbles, or 
bladders, filled with air, and placed under the receiver 
of an air-pump, do, upon pumping out the air, burft 
afundor by the forte of the air which they contain. So 
likewife a clofe flaccid bladder, containing only a fmall 
quantity of air, being put under the receiver, fwclls at 
the receiver is exhaufted, and at length appears quite 
full. And the fame thing happens by carrying the 
flaccid bladder to the top of a very high mountain. 

The fame experiment flu tvs that this elaftie property 
of the air is vciy different from the elafticity of folid 
bodies, and that thefe arc dilated after a different man¬ 
ner from the air. For when air ceafes to be comprcffed, 
it not only dilates, but then occupies a far greater fpacc, 
and dills under a volume immcnfely greater than be¬ 
fore ; whereas folid elaftie bodies only refume the figure 
they bad before they were comprcffed. 

It is plain that the weight or preffure of the air doe* 
not at all depend on its elafticity, and that it is neither 
more nor Id's heavy than if it were not at all elaftie. 
But from its being elaltic, it follows that it is fufeepti- 
ble of a preflinc, wim-h reduces it to fuch a fpace, that 
the force of its elafticity, which rc-acls againft the 
prdflng weight, is exactly equal to that weight. Now 
the law of the ekiflieity is fuch, that it increafcs in 
proportion to the denfity of the air, and that its denfity 
increafcs in proportion to the forces or weights which 
comprefs it. Bnt there is a neceffary equality between 
action and re-action ; that is, the gravity of the air„ 
which effects its compreflion, and the elafticity of if, 
which gives it iis tendency to cxpaniiqxi, are equal. 

So that, the elafticity inercaling oraiminiflung, in 
the fame proportion as the denfity increafcs or dimi- 
niflics, that is, as the diilancc between its particles de%. 
create or incrcafe ; it is no matter whether the air be 
compreffed, and retained in any f^ace, by the weight 
of the atmofphcre, or by any other caufe ; as in either 
cafe it mull endeavour to expand with the fame force. 
And therefore, if fuch air as is near the earth be in- 
cloftd in a veffel, fo as to have no communication with 
the external air, the preffure of fuch iuclofcd air will 
he exactly equal to that of the whole external atmo- 
fphcrc. And accordingly wc find that quickfilver is 
fuflained to the fame height, by the elaftie force of 
air inclofcd in a glafs veffel, as by the whole preffure of 
the atmofphcre.—And on this principle of the conden¬ 
sation ami claflicity of the air, depends the ftru&ure 
and ufe of the air-gun. 

That the denfity of the air is always dire&ly pro¬ 
portional to the force or weight which comprcucs it, 
was proved by Boyle and Mariotte, at leaft as far as 
their experiments go on tin's head : and Mr. Mariotte 
has (hewn that the fanu rule takes place in condenfed 
air. However, this rule is not to be admitted as ferupu- 
loufly exact; for when air is very forcibly comprcffed, 
fo as to be reduced to *th of its ordinary bulk, the 
edict does not atifwer preeifely to the rule ; for in this 
cafe the air begins to make a greater icfiflance, and re¬ 
quires a ftronger compreflion, than according to the 
rule. And hence it would feem, that the particles of 
air cannot, by means of auv poffiblc weight or preffure, 
T I z how 
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liow great foever, be brought into perfefl contaft, or 
that it cannot thus be reduced to a folic! tnafs; and con- 
fequently that there mull be a limit to which this con 
denfation of the air can never arrive. And the fame 
remark is true with regard to the rarefaction of air, 
namely, that in very high degrees of rarefaction, the 
clailieity is decrcaled rather more than in proportion to 
the weight or denfity of the air: and hence there mull 
alfo be 3 limit to the rarefaction and expanlion of the 
air, by which it is prevented from expanding to in¬ 
finity. 

\Vo know not however how to allign thofc limits to 
the clailieity of the air, nor to dcllrov or alter it, 
without changing the very nature of air, which i . ef¬ 
fected by chemical prucuTes. To what degree air is 
fcfceptible of cov.dcofation, by comprcfllon, is not cer¬ 
tainly known. Mr. Boyle condenfed it 13 times more 
than in its natural llate, by this means: others have 
compreflid it into • * 0 t h part of its ordinaly volume; 
Dr. Hales made- it 38 tinns more denfe, by means of a 
prels ; but by feezing water in a hollow call-iron ball 
or (hell, he reduced it to 1838 times lefs fpace than it 
naturally occupies ; in which ilate it mull have been 
of more than twice the denfity or fpccifie gravity of 
water: Atui as water- is not comprcfliblc, except in a 
very fmall degree, it follows from this experiment, that 
the particles of air mull be of a nature very different 
from thofe of water; fince it would otherwife be im- 
poffible to reduce air to a volume above 8co times lefs 
than in its common date ; an inference however w liich 
militates diredtly againll an afiertion made by Dr. Hal¬ 
ley, fiom fome experiments performed in London, and 
Others at Florence by the Academy del Cimento, 
namely, that i^nay be fafely concluded that no force 
whatever is capable to reduce air into a fpace 800 times 
lefs than that which it naturally occupies near the fur- 
face of the earth. 

The elalticity of the air exerts its force equally in 
all directions; and vyjien it is at liberty, and freed from 
thccaufe which coir.] relied it, it expands equally in all 
directions, and in curie queuce always afftimes a fpheri- 
cal figure in the inteiili^ts of the fluids in which it is 
lodged. This is evident in liquors plated in the receiver 
of an air pump, by txltaulliiig the air ; at firit there 
appears a multitude of exceeding fmall bubbles, like 
grains of fine fariel, difperfed through the fluid mafs, 
and riling upwards; and as more air is pumped out, 
they enlarge in fi/.e ; but Hill they continue round. 
Alfo if a plate of metal be imimrgcd in the liquor, on 
pumping, its futface will be fecn covered over with 
fmall round bubbles, compoft 1 of the air which ad- 
hired to it, now expanding itfilf. And for the fame 
reafon it is that huge glafs globes arc always blown up 
of a fphcrical fhape, by blowing aii through an iron 
tube into a piece of melted glafs at the cud of the 

pipe- 

Tbe expanfion of the air, by virtue of its elaflic 
property, when only the comprefling force is taken ofF, 
or dicuinifhcd, is found to be lurprifingly great; and 
yet we arc far from knowing the utmoft dilatation 
of which it is capable. I11 feveral experiments made 
ly Mr. Boyle, it expanded full into 9 times its former 
fpace ; then into 31 times; then into 60, and then into 
150 times. Afterwards, it waB brought to dilate into 


8000 times its firll fpace; then into 10000, and at laft 
even into 13679 times its fpace; and this folcly by its 
own natural expanlive force, by only removing the pref- 
furc, but without the help of fire. And on this prin¬ 
ciple depends tbe conduction and ufe. of the Mano- 

METFR. 

The clailieity of the air, under one and the fame 
pre(fiire, is llill farther incrcafcd by heat, and dimmifh- 
cd by cold, and that, by fome late accurate experiments 
made by Sir George Shuckburgh, at the rate of the 
44 .-th part of its volume neaily, for each degree of the 
variation of heat, from that of temperate, in Fah¬ 
renheit’s thermometer. 

Mr. Hauklbcc obferred that a portion of air in- 
clofod in a glafs tube, when the temperature was at the 
ti cozing point, formed a volume which was to that of 
the lame quantity of air in the great ell heat of fumnier 
here in England, as 6 to 7. And it lias been found by 
feveral experiments, that air is expanded J of its na¬ 
tural bulk by applying tbe heat of boiling water 
to it. 

l)r. Hales found that the air in a retort, when the 
bottom of the vcfli-1 jull became led hot, was dilated 
into twice its former fpace ; and that in a white, or 
almoll melting heat, it filled thrice its former (pace : 
but Mr. Robins found that air was expanded, by means 
of the white or fuling heat of iron, to 4 times its former 
bulk. 

See feveral ingenious experiments on the clailieity of 
the air, in the I’liilof. Tranf. for the year 1777, by Sir 
George Shuckhurgh and Colonel Roy. 

This properly explains the common effect obfened 
on bringing a dole flaccid bladder near the lire to 
warm it ; when it is prcfintly found to fwdl as if more 
air were blown into it. And upon this principle de¬ 
pends the (IruCtiirc and office of the thermometer; as 
alfo tbe air balloons, lately invented by Mr. Montgol¬ 
fier, for floating in the attnolpherc. 

M. Amontoii* firll ddcovend that, with the fan e de¬ 
gree of heat, aii will expand in a degree pioportioticd 
to its denfity. And on tins foundation the ingenious 
author ha; lorrned a difem.rfe, to prove “ that the 
fpring and weight of the air, with a moderate degree 
of warmth, may enable it to produce 1 v*. 11 eat thquakes, 
and others of the moll vein meet commotions of na¬ 
ture*.” lie computes that at the dipth of the 74th 
part of the earth’s radius below the ltirfaec, the natu¬ 
ral p refill re of the air would reduce to the denfity of 
old; and theme infers that all matter below that 
cpth, is probably heavier than the heavieil metal that 
we know of. And hence again, as it ia proved that the 
more the air is compreficd, the more does the fame de- 
giee of fire inercafe the force of its clailieity ; we may 
infer that a degree of heat, which in our 01b can pro¬ 
duce only a moderate effidt, may have a very violent 
one in fuch lower 01b ; and that, as there are many de¬ 
grees of heat in nature, hiyond that of boiling water, 
it is probable there may be fome whofe violence, tluis 
affilled by tbe weight of the air, may be ftiificienily 

{ HiwLvful to tear afuuder tbe folid globe. Mem. de 
’Acad. 1703. 

Many pliilofopbers have fuppofed that the elaflic 
property of the air depends on the figure of its cor- 
pulclcs, which they take to be ramous: fume maintain 

that 
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that they are fo many minute f >:euU % refemblmg fleeces 
of wool: others conceive them rolled up like hoops, 
and curled lik* wires, or (havings of woo'd, dt coiled 
like the fprings of watches, and endeavouring to expand 
themfelves by virtue of their texture. 

But Sir Ifaac Newton (Optics, Qu. 3r, See.) ex¬ 
plains the matter in a different way ; fuch a contexture 
of parts he thinks by no means fufficient to account 
for that amazing power of elafticity obferved in air, 
which is capable of dilating itfclf into above a million 
of limes more fpacc than it occupied before : but, he 
obferves, as it is known that all bodies have an attractive 
anil a repelling power; anil as both thefe arc llrongcr 
in bodies, the denfer, more compact, and folid they are ; 
hence it follows that when, by heat, or any other pow¬ 
erful agent, the attractive force is overcome, and the 
particles of the body feparated fo far as to be out of 
the fphcrc of attraction; the repelling power, then 
commencing, makes them recede from each other with 
a llrong force, proportionable to that with which they 
before cohered ; and thus they become permanent air. 

And hence, be fays, it is, that as the particles of air 
arc groller, and rife from denfer bodies, than thofe of 
traniient air, or vapour, true air is more ponderous 
than vapour, and a moiil almofphere lighter than a dry 
one. 

And M. A montons makes the elafticity of air to 
arit'e from the fire it contains; fo that by augmenting 
the degiec of heat, the rarefaction will be incrcafed to 
a far greater degree than by a mere fpontaneous dilata¬ 
tion. 

The clailic power of the air becomes the fecond 
great fource of the remarkable effefts of this important 
fluid. By this property it infimiates itfelf into tlic 
pores of bodies, where, by means of this virtue of ex¬ 
panding, which is fo eafily excited, it mull put the par¬ 
ticles of thofe bodies into perpetual vibrations, and main¬ 
tain a continual motion of dilatation and contraction 
in all bodies, by the ineelfant changes in its gravity 
and denlity, and confcqucntly its elafticity and expan- 
iion. 

3 'his reciprocation is obfervablc in fcvcr.il inftances, 
particularly in plants, in which the trachex m air-vcllels 
perform the office of lungs ; for as the heat incrcafes 
or diniiiiiflies, the air alternately dilates and contrails, 
and fo by turns compreifcs the vefills, and eafes them 
again; thus piomoting a circulation of their juices. 
And hence it is found that no vegetation or germina¬ 
tion is carried on in vacuo. 

It is from the fame caufe too, that ice is bttrft by the 
continual adlion of the air contained in its hubbies. 
Thus, too, glaflts and other vetfels are frequently crack¬ 
ed, when their contained liquors are frozen ; and thus 
alfo large blocks of ftonc, and entire columns of mar¬ 
ble, fometimes fplit in the winter fcafon, from fume 
little bubble of included air acquiring an incrcafed 
elafticity : and for the fame reafon it is that fo few 
flones will bear to be heated by a fire, without cracking 
into many pieces, by the increased expanfive force of 
fomc air confined within tiuir pores. From the fame 
fource arife alfo all putreftidlion and fet mentation; 
neither of which can he carried on in vacuo, even in 
the bed difpofed fubjeifla. And even refpiration, and 
animal-life itfelf, are fuppofed, by many authors, to be 
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conduced, in « great meafure, by the fame princrplie 
of the air. And as we find fuch great quantities of 
air generated by the folution of animal and vegetable 
fubftances, a good deal mull conftantly be raifed from 
the difiblution of thefe elements in the (tomach and 
bowels. 

In faft, "all natural corruption and alteration feem 
to depend on air ; and even metals, particularly gold, 
only feem to be durable aui incorruptible, in fo far as 
they are impervious to air. 

As to the different kinds of air, with its generation, 
and the effects of different ingredients of it, flee, they 
arc omitted here, as propeily belonging to a Chemical 
Dictionary, or to a General Didlionury of Arts, flee. 

For the refinance of the air, fee Resist anck. 

Air-Gun, in Pneumatics, is a machine for pro¬ 
pelling bullets with great violence, by the folc means 
of coudenfcd air. 

The fu ll account wc meet with of an air-gun, is in 
the Element d'ArtiUerie of David Rivaut, who was pre¬ 
ceptor to .Louis Xfll. of France. He aferibes the 
invention to one Marin, a burgher of LIfieux, who 
prcfetited one to Henry IV. 

To conitrudi a machine of this kind, it is only ne- 
ceffary to take a llrong vcflcl of any fort, into which 
the air it, to be thrown or coudenfcd by means of a 
fyringe, or othorwife, the more the better; then a 
valve is fudduily opened, which lets the air efcape by 
a final 1 tube in which a bullet is placed, and which is 
thus violently forced out before the air. 

It is evident then that, the edict is produced by 
virtue of the clailic property of the air ; the force of 
which, as has betn (hewn in the lall article, is diredtly 
propoi tional to its cmidend.tion ; and therefore the 
greater quantity that c.tn be forced into the engine, the 
greater will be the effect. Now this effedt will be ex- 
adtly fimilar to that of a gun charged with powder, 
and therefore we can eafily form a comparifon betweerf 
them: for inflamed gun-powder i-> nothing more than 
very eondenfeil clailic aii ; fo that the two forces are 
exactly fimilar. Now it is (hewn by Mr. Robins, ill 
his New Principles of Gunnery, that the fluid of in* 
flam'd gun-powder, lias, at the tint moment, a force ®f 
elafticity equal to about a 1000 times that of common 
air; and therefore it is neceflarv that air (hould 
be eondenfed a iooo times more than in jts natural 
(late, to produce the dime iftc.t as gun-powder. 
But tht.ii it is to be couliikved, that the velocities with 
which equal balls arc impelled, are directly propor¬ 
tional to tl,e Jquarc roots of the fo rets ; fothat if the 
aii in an air-gnu be eondenfed oiilv to times, then the 
velocity it will project a ball with, will be, by that rule, 
xfjth of that arifmg from gun-powder; and if the air 
were eondenfed jo times, it would communicate a ve¬ 
locity of of that of gun-powder. But in reality the 

air-gun (hoots- its ball with a much gieater proportion 
of velocity than as above, and fin tin’s reafon, namely, 
that as the relervoir, or magazine of eondenfed air, is 
commonly very latge in proportion to the tube which 
contains the ball, itsdutfity is very little altered by ex¬ 
panding through that ns now tube, and confcquently 
the ball is uiged all the way by ncmly the fame uniform 
force as at the firft iuilant ; whueas the clailic fluid 
aiding from inflamed gun-powder is but very fmall in 

proportion 
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proportion to the tube or barrel of the gun, occupying conflru£lion is rendered A* light And portable a* one of 
at lirfl indeed but A very fni&ll portion of it next the the fmajk'fl fowling-pieces. 

but-end : an dthereforc by dilating into a comparatively Fig. *3 rtprefents one made by the late Mr, B. 
large fpace, as it urges the ball along the barrel, its Martin of London, and now by fcvi ral of the matho 
claitie force is proportionally weakened, and it adls matical inllnunent Bud gim-inakers of the metropolis j 
always lefs and Ids on the ball in the tube. From which, for fimplicity and perfection, perhaps exceeds 
which caufe it happens, that air condenfed into a good any other that has been contrived. A is the gun-bar- 

large machine only to times, will ihoot its ball with a rd, of the fixe and weight of a common fou ling-piece, 

velocity but little inferior to that given by the gun- with the lock, flock, and rainiod. Under the luck, at 
powder. And if the valve of communication be fud- /, is a round Heel tube, having a fmall moveable pin in 
denly (hut again by a fpring, after opening it to let foinc the infide, which is puflied out when 1 he trigger <1 is 

* air rlcupr, then the lame collection of it may ferve to pulled, by the Ipringwork witliin the lock ; to this 

impel many bulls, 011c after another, tube * is icrewed a hollow' copper bull, perfectly nsr- 

In ail cafes in which a confidcrable force is required, tiyht. 'i*liit, copper bull is fully charged with con- 
and confcijuently a great cornier,fation of air, it w r ill be d. tiled air bv means of a fyituge, pieviotn, to it.- being 
rcquifitc to Ivave the condcniiug fyringe of a fmall bore, applied to the tube h. lienee, ii a built t be rjmnuj 
perhaps not moie than half an inch in diameter : other- down in the bund, the copper ball foew.d fail at/, 
wife the fi ice to produce the eontprdlion will become and (lit- trigger <» Lep'illctl; then the pin in / will 
fb great, tint the operator cannot work the machine: forcibly pufn open a vibe within the copper bail, ai.d 

for, as the pvdlure againft every Iquarc inch is about let out a portion of the coiulci.fi d air; which ah will 

Ij pounds, and ngainil every circular inch about 1 e nidi up tlnough the aperture of the leek, an 1 fimihljr 
pounds, if the fyringe be one inchin diameter, when art agaiufl tin bullet, driving it to tlie diil.mee of (k> 
one atinofphete is injected, there will be a refinance of or yu vaids, or further. Il the at be Itrongiy eon- 
12 pounds againft the pillon ; when a, of 24. pounds; ih.nfeil at eveiv dil. barge, only a pniirn 0} tin- air 

and wlien 10 are injected, there will be a force of 120 cfcapcs from the ball; rhereloie, by re-cocking tlie 

pounds to overcome ; whereas 10 atmofphcrcs adt piece, another difeharge may be made ; and this 

agaiirlt the half-inch pifton, whofc area is but of the repeated 15 or 16 times. An addition.d band it 

former, with j. of the force only, namely, 30 pounds; fornctimes made, and applied for the difeharge of flint, 
and 40 atmofphcrcs nut be injected with inch a fyringe, iuflead of the ball above delcribed. 
as well as ten with the larger. Sometimes the fyringe is applied to the end of the 

There arc air guns of various conflrudtions ; an cafy barrel C (fig. 4) ; the lock and trigger flint up in a brals 
and portable one is reprefented in Plate II. fig. 1. which isa cafe d; and the trigger pulled, or the difeharge made, 
fedtion lengthways through th« axis, to (hew-the infide. by pulling tlie chain b. In this connivance there is a 
It is made ofbrafs, and lias two barrels ; the inner barrel round chamber for the eoncluifed air ;>t the md of the 
I> A of a fmall bore, from which the bulbts are fpiiug at r, and it has a valve acting in a f’milar maunei 
fliot; and a larger barrel E S C D R, on the outlidc of to that of the copper ball. When this inllnnnent is 
it. In the flock of the gun there is a fyringe M N PS, not in ufe, tlie biafs cafe d is made to Hide ofT, and the 

tihofe rod M draws out to,take in air ; and by pufhing inftrumeut then becomes a walking flick : from which 

it in again, the piflon SN drives the air before it, circumilance, and the barrel being made of cane, or 
through the valve P K into the cavity between the two brafs, &c, it has been called the s/ir-r.vir. The head 
barrels. The ball K is put down into its place in the of the cane nnferews and takes off at where the ex- 
fmall barrel, with the rammer, as in another gun. tremity of the pillon-rod in the barrel is fhew-11. An 
There is another valve at S L, which, being opened by iron rod is placed in a ring at the end of this, and 
the trigger O, permits the air to come behind ihc ball, the air is condenfed in the barrel in a manner fimihtr to 
fo as to drive it out with great force. If this valve be that of the gun as above ; but its force and action is 
opened and fhut fuddcnly, one charge of condenfed air not near fo flrong as in the cun. 

may make feveral difchargcs of bullet*; bccaufe only Magazine Aii;-6*mh. This is an improvement of 
part of the injedtod air will then go out at a time, and the common ait-gun, made by an ingenious ait ill, called 
another bullet may be put into the place K ; but if L. Collie. By his contrivance, ten bullets arc fo lodged 
the whole air be difehargedon a Angle bullet, it will in a cavity, near the place of diichaige, that they may 
impel it more forcibly. 'Phis difeharge is effedled by Ik fucccflivcly drawn inlo.lhc bas 1 cl, and (hot fo quickly 
means of a lock (fig. 2) wlien fixed to its place as as to be neatly of the fame ufe as fo many different 
ufual in other guns; for the trigger being pulled, the guns ; the only motion requited, after the air has been 
cock W'ill go down and drive a lever which opens the valve, injected, being that of (hut ting and opening the ham- 
Dr. Macbride (F.xpcr. Eff. p. 811 mentions an im- hut, and cocking and pulling the trigger. Fig. 3 is a 

provement of the air-gun, made by Dr. Ellis; in which longitudinal fiction ol this gun, as large in every pait 

the chamber for containing tlie condenfed air is not as tlie gnn itfelf; and as much of its length is (hewn 

in the flock, which renders the machine heavy and as is peculiar to this conflru/tion ; the reft of it being 

unweildy, but has five or fix hollow fphcrcs belonging like the ordinary air-gun, E E is part of the flock ; 

to it, of about 3 inches diameter, fitted to a ferew on G is the end of'the injecting fyringe, with its valve H, 

the lock of the gun. Thefe fpheres are contrived with opening into the cavity FT r F between the bands, 
valves, to confine the air wnich is forced into their KK is the fmall or fhooting barrel, which receives the 
cavities, fo that a fervant may carry them ready bullets, one at a time, from the magazine D F, being a 

charged with condcufed air: and thus the gun of tlus ferpcntinc cavity, in which the bullets /, h, />, &c, arc 

lodged. 
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lodged, sod clofed at the end t> j from whence, by one 
motion of the hammer, they are brought into the bar¬ 
rel at I, and thence are fliot out by the opening of the 
valve V, which lets in the condenfrd air from the cavity 
F F F into the channel V K I, and fo along the inner 
barrel KKK, whence the bullet is di(charged, tlti 
Mi ia the key of a cock, having a hole through it; 
which hole, in the prefent lituation, makes part of the 
barrel K K, being juft of the fame bore : fo that the 
air, which is let in at every opening of the valve V, 
comes behind this cock, and taking the ball out of it, 
carries it forward, and io out of the mouth of the 
piece. 

To bring in another bullet to fuccccd I, which is 
done in an inftant, bring the cylindrical cavity of the 
key of the cock, which made past of the barrel KKK, 
into the lituation »' /■, fo that the part 1 may be at K ; 
then turning the gun upfide-down, one bullet next tile 
cock will fall into it out of the magazine, but will go 
no farther into this cylindrical cnviiy, than the two 
little pieces ss will permit it; by which means only 
one bullet at a time will be taken in to the place I, to 
be difeharged again as before. 

A more particular defeription of the feveral parts 
may be fecn in Dcfagtrliers’ Ex per. Philo f. vol. ii. pa. 
399 ct fcq. 

Aik-Pomi*, in Pneumatics, is a machine for ex* 
ban It mg the air out of a proper veflel, and fo to make 
what u- commonly called a vacuum ; though in reality 
the ait in the receiver is only rarefied to a great degree, 
fo as to take off the ordinary cffedls of the atmoiphrre. 
Mo that by this n.uchine we learn, in fome mcafurc, 
what our earth would be without air ; and how 
much all vital, generative, nutritive, and alterative 
powers depend upon it. 

The principle on which the air-pump is conflrudtcd, 
is the fpring or elafticity of the air ; as that on which 
the common, or water pump is formed, is the gravity 
of the fame air ; the one gradually cxhaulluig the air 
from a veffcl by means of a pillon, with a proper valve, 
working in a cylindrical barrel or tube; and the other 
cxhaulting water in a liniilar manner. 

The air-pump has proved one of the principal 
means of performing philofophical difeoveries, that has 
been invented by the moderns* The idea of fuch a 
machine occurred to feveral perfons, nearly about the 
fame time, licit the tirll it feerns was completed by 
Otto Guericke, the cede brated conful of Magdeburg, 
who exhibited his firll public experiments with it, be¬ 
fore the emperor and the dates of Germany, at the 
breaking up of the imperial diet at Rntifhon, in the 
year 1654. But it was not till the year ifi’/z that 
Guericke publifhcd a dcfciiption of the inilrument, 
with an account of his experiments, in his Expcrimcnta 
Nova Magdeburgica de Vacuo Spacia : though an ac¬ 
count of them had been publifhed by Schottus in 1657, 
in his Mcchanica Hydraulico Pneumatica. 

Dr. Hook and M. Duhamel alcribe the invention of 
the air-pump to Mr. Boyle. But that great man frank¬ 
ly confcffes that Guericke was beforehand with him in 
the execution. Some attempts, lie affures us, he had 
indeed made upon the fame foundation, before be knew 
any thing of what had been done abroad : but the in¬ 
formation he afterwards received from the account given 
8 


by Schottus, enabled him, with the afliftanee of Dr, 
nook, after two or three unfuccefsful trials, to briny 
his defign to maturity. The produft of their labour* 
was a new air-pump, much more cafy, convenient, and 
manageable, than the German one. And hence, or 
rather from the great variety of experiments to which 
this illuftrious author applied the machine, it was after¬ 
wards called Machines Boy liana, and the vacuum pro¬ 
duced by it, Vacuum Boylianum. 

Strut!nre of the Air-Pump. Moft of the air-pump*, 
that were firft made, confided of only one barrel, or 
hollow cylinder of brafs, with a valve at the bottom, 
opening inwards; and a moveable embolus or pifton, 
having likewife a valve opening upwards, and fo ex¬ 
actly fitted to the barrel, that when it is drawn up 
from the bottom, by means of an indented iron rod or 
rack, and a handle turning a fmail indented wheel, 
playing in the teeth of that rod, all the air will be 
drawn up from t’.ie cavity of the barrel: there is alio 
u fmail pipe opening into the bottom of the barrel, by 
means of which it communicates with any proper 
veffcl to be exhaufted of air, which is called a receiver, 
from its office in receiving the fubjrdts upon which ex¬ 
periments are to be made in vacuo: the whole being 
fixed in a convenient frame of wood-work, where the 
end of the pipe tin ns up into a horizontal plate, upoti 
which the receiver is placed, juft ovtr that end of the 
P'P‘; 

The other pavts of the machine, being only acci¬ 
dental circumllances, chiefly refpefting convenience, 
have been diverfified and improved from time to time, 
according to the addrefs and feveral views of the 
makers. That of Otto Guericke was very rude and 
inconvenient, requiring the labour of two llrong men,- 
for more than two hours, to extract the air from a glafs, 
which was alfo placed under water; and jet allowed of 
no change of fubjedts for experiments. 

Mr. Boyle, from time to time, removed feveral of 
thefe inconveniences, and leffened others: but ft ill the 
working of his pump, which had but one barrel, was 
laborious, by reafon of the preffure of the atmofphere, 
a great part of which was to be removed at every lift 
of the pifton, when the exhauftion was nearly com¬ 
pleted. Various improvements were fticccffively made 
in the machine bj* the philofopliers about that time, 
and foon after, who cultivated this new and important 
branch of pneunfftic.;; as Papin, Met fenne, Mariotte, 
and others; but llill they laboured under a difficulty of 
working them, from the ciicumflance of the fingle 
barrel, till Papin, in his further impioveivu ms of the 
air-pump, removed that inconvenience, by the ule of a 
fecund barrel and pillon, contrived to rife, as the other 
fell, and to fall as that rofe ; by which, and the gi cat 
improvements made by Mr. Haukfbce, the pteflure of 
the atmofphere or. the defeending pillon, always neaily- 
balanced that of the afeending one ; fo that the winch, 
which worked them up and down, was eafdy moved h) 1 - 
a very gentle force with one hand : and heiides, the 
exhauftion was hereby made in Ids than half the lime. 

Some of the Germans, and others likewife, made 
improvements in the air-pump, and contrived it to 
perform the counter office of a cor.dcnfer, in order to 
examine the properties of the air depending cm its con- 
denfation, 

Mr. 
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"Mr. Boyle contrived a mercurial gauge or InJex (o the 
air-pump, which is deicribed in his firft and fccond 
Phyfico-Mcehanical Continuations, for meal tiring the 
degrees of the air’s rarefaction in the receiver. This 
gauge is fimilar to the baromctci, being a long glafs 
tube, having its lower end irnmerfed in an open hafon 
of quickfiiver, but its other me!, which was open alfo, 
communicating with the receiver : which being ex- 
hauited, this tithe is. equally c:.liaufi«d of air at the 
fame time, and the external air prcficii the quickfiiver 
up into the tube, to a height propottioned to the degree 
of cxhautlion. 

Mr. Vreatn, an ingenious pneumatic operator, made 
an improvement in Hauklbce's air-pump, by ridueing 
the alternate up-and-down motion of the hand and 
winch to a circular one. In his method, the winch is 
turned quite round, and yet the piftons are alternately 
raifed and depreffee! : by which the trouble of ihiftiug 
the hand backwards and forwards, as well as the loi’s 
of time, and the (baking of the pump, are prevented. 

The air-pump, thus improved, is reprefctilcd in plate 
III. fig. 1 : where 0 o is the receiver to be oxhiudted, 
ground truly level at the bottom, fet over a hole in the 
plate, from vvliich defeeuds the bent pipe /■ >< to the 
cillern </</, vvitli which the two barrels an communicate, 
in which the piftons are worked by a toothed wheel, 
by turning the handle b l, ; by which the racks c c, 
with the pillons, are worked alternately up and down. 
U is the gauge tube, in:inerted in a baton of quickfiiver 
m at bottom, and communicating with the receiver at 
top j from which however it may be oecafionally dif- 
eugaged, by turning a cock. And « is another ruck, 
by turning of which, the air is again let in to the ex- 
-hau/led receiver; into which it is heard to rufh with a 
eonfiderable hilling noife. 

Not with Handing the great excellency of Mr. Hauk- 
, (bee’s air-pump, it was Hill fubjeft to inconveniences, 
from which it was in a great mcafure relieved bv fome 
contrivances of Mr. Smcaton, which are deicribed at 
large in the Philof. Tranf. for the year 1752. The 

i irincipal improvements fuggdled by Mr. Smcaton, re¬ 
ate to the gauge, the valves of the pilion, and the 
pifton going clofer down to the bottom of the barrel; 
for his pump has only one. By the lalt of thtfe, the 
air was extracted more perfectly at each ftroke. By 
the fecond, he remedied an inconvenience arifing from 
the valve hole of the pifton being tdlKvide properly to 
fupport Lhe bladder valve which covered it: inllcad of 
the ufual circular orifice, Mr. Smeaton perforated the 
pifton with feven lmall and equal hexagonal holes, one 
in the centre, and the other fix around, forming toge¬ 
ther the appearance of a tranfvcrfc feftion of a honey¬ 
comb; the bars or divifions between which, ferved to 
fupport the preffurc of the air on the valve His gage 
confills of a bulb of glafs, of a pear-like fhape, and 
capable of holding about half a pound of quickfiiver: 
it is open at the lower end, the other Itrmiiiatiug in 
a tube hermetically leak d; and it lias annexed to it a 
fcale, divided into p u ts of about -, l v of an inch, and 
anfwering to the icdoth part of the whole capacity. 
During the cxhauflioii of the rcceivei, the gage is 
fufpended in it by a wire ; but when the pump has been 
worked as much as i.ecefliuy, the gage is puihed down, 
til! the open wui be iiumcrlcd in a baion of quickfiiver 


placed underneath. The air is then let into the receiver 
again, and the quickfiiver driven by it ftom the bafon, 
up into the gauge, till the air remaining in it become 
of the fame deulity as the air without; and’as the air 
always takes the higheft place, the tube being upper- 
moll, the expanlion will be determined by the number 
of divifions occupied by the air at the top. This air- 
pump is made to att alfo as a condenfing engine, as 
fome German machines had done before, by the very 
ilmple apparatus of turning a cock. 

By means of this gauge, Mr. Smeaton judged that 
iiis machine was incomparably better than any former 
ones, as it feemed to rarefy the air in the receiver 1000, 
or even 2000 times, while the belt of the former con- 
llrucliou only rarefied about 140 times: and Id the 
cafe has iince been always underllood, an implicit con¬ 
fidence biing placed in Mr. Smcaton’s accuracy, till 
the fallacy was accidentally detected in the manner re¬ 
lated at large by Mr. Nairnc in the Philof. Tranf. for 
the year 1777. This accurate and ingenious art ill 
wanting to make trial of Mr. Smeaton’s pear-gauge, 
executed an air-pump of Iris improved conflrudtion, in 
the bell manner pofliblc; which, in various experiments 
made with it, appeared, by the pear-gauge, to randy 
the ail to an amazing degree indeed, being at times 
ftom 400 j to or eooco, or even iococo times 

ran lied. But upon ineafuring the fame expanlion by 
the ufual long and lhort tube gauges, which both ac¬ 
curately agreed together, he found that thtfe never 
/liewed a rarefaction of more than 600 times: widely 
different from the fame as raeafured by the pent or in¬ 
ternal gauge, by experiments often repeated. * Finding, 
fays Mr. Nairnc, dill this difagreement between the 
pear-gauge am! the other gauges, 1 tried a variety of 
experiments; but none of them appeared to me fatis- 
fadtory, till one day in April 177ft, (hewing an experi¬ 
ment with one of thefc pumps to the honourable Henry 
Cavendifb, Mr. Smeaton, and fcveral other gentlemen 
of the Koval Suck tv, when the two gauges differed 
fome thoufand times from one anothe-r, Mr. CavcneiilU 
accounted for it in the following manner. “ It ap¬ 
peared, lie faid, from fome experiments of his father’s. 
Lord Cavcndilh, that v,-ate*r, whenever the preflute of 
the atmofphere on it is diminifhed to a certain degree, 
is immediately turned into vapour, and is as immediately 
turmd back again into watu on rclloring the preffurc. 
This degree of preffure is different according to the 
heat of the water: when the heat is 72“ ot Fahren¬ 
heit's fcale, it turns into vapour as foonas the preffurc is 
no greater than that of three quarters of an inch of 
quickfiiver, or about i-4Gth of the ufual preffure of 
the atmofphere; but when the luat is only 41", the 
preffure mull be reduced to that of a quarter of an inch 
of quickfiiver before the water turns into vapour. It 
is true, that water exj ofed to the open air, will evapo¬ 
rate at any heat, and with any pteffure of the atmo¬ 
fphere; but that evaporation is intircly owing to the 
action of the air upon it; whereas the evaporation 
here fpoken of, is performed without any nfiiilaticc 
from the air. Hence it folio**, that when the re¬ 
ceiver is exhaufted to the above-mentioned degree, the 
moifture adhering to the different parts of the machine 
will turn into vapour, and fupply the place of the air, 
which is continually drawn away by the working of 
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the pump; fo that the fluid in the pear-gauge, as well 
as that in the receiver, will confifl in a good meafure of 
vapour. Now letting the air into the receiver, all the 
vapour within the pear-gauge will be reduced to water, 
and only the real air will remain uncondenfed; confe- 
<pionily the pear-gauge fliews only how much real air 
is left in the receiver, and not how much the preflure 
cr fpring of the included fluid is diminifhed; whereas 
the common gauges (hew how much the prcfTure of the 
included fluid is diminifhed, and that equally, whether 
it conlift of air or of vapour.” Mr. Cavendifh having 
explained fo fatisfaflorily the caufcof the difagreement 
between the two gauges, Mr. Nairne confidered that, 
it he were to avoid moiilure as much as poflihle, the 
two gauges fliould nearly agree. And in fa£t they were 
found fo to do, each flicwing a rarefaction of about 600, 
when all moitlure was perfectly cleared away from the 
pump, and the plate and the edges of the receiver were 
feetfc'd by a cement ini!cud of fetting it upon a foaked 
leather, as in the nfual way. But by future experiments 
Mr. Nairne found that the fame excellent machine would 
not rxhaull more than 50 or bo times, when the receiver 
was let upon leather lurked in water, the heat of the 
room being about 57 0 . And from the whole, Mr. 
Nairne- concludes that the air-pump of Otto Guericke, 
ami thofc contrived by Mr. Gratorix, and l)r. Hook, 
and the improved one by Mr. Papin, both lift’d by Mr. 
Boyle, as aifo Haiikfbcc’s, s’Gravvfaudc’s, Mufchen- 
l.roctk’s, and thoie of all who have ufed water in the 
barrels of their pumps could never have exhaufled to 
more than between gt, and 50, if the heat of the place 
was about 57; and although Mr. Smeaton, with his 
pump, where no water was in the barrel, but where 
leather foaked in a mixture of water and fpirit of wine 
was 11 fed on the pump-plate, to fe-t the receiver upon, 
may haw exhaufled all hut a thouiamlth, or even a ten- 
thoulaudtb past of the common air, according to the 
lefVmv ny of h.s pear gauge ; yet fo much vapour mull 
have arilcn from the v.el bather, that the contents of 
the receiver could never be kfs than a 70th or both 
part of the drnfiry of the atrnofplicic. But when no- 
thug of moiilure i. med about tin’s machine, it will, 
v-lien in its givateil pei lection, rarefy its contents of air 
about (toil times. 

It is evident that by means of tliefe- two gauges we 
can afeertain the feve-.al quantities of vapour and per- 
iii.iueut air w hich make up the contents of the receiver, 
alter the exhaulliou I, made as perfect as can be ; for 
+ hi ulna! external gauge din-i mines the whole contents, 
1 .a he up of rhevipour and air, vvhilil the.pear-gauge 
hie a tin quantity of real p.- rm .men t air ; confequently 
the ilii:t.rr»ri is the quantity of vapour. 

The principal caufe which prevents thir. pump ftom 
r-.i'a-.-iii "-- beyond the limit above-mentioned, is the 
weakened ilaflic-ry of the air within tlie receiver, which, 
denyafmg in pr-,portion as the quantity of the air 
within ie dimiinlkcd, becomes at lad incapable of lift¬ 
ing up the valve of conmumiaition between the receiver 
-and Mic batrel ; and c mfcquemly r.o more air can then 
pals from the former to the latter. 

Several ingenious pr-rlons have ufed their endeavours 
!•> uiiKi.t ih-s imperfection in the belt air-pumps. 
Amongli 1 liele it leans that one Mr. Haas has fuc- 
*i-’d toluably well; having, by means of a contri- 
VoL. !. 


vancc to open the communication valve In the bottom 
of the barrel, made his machine fo perfect, that when 
every thing is in tlie greatdl perfection, it rarefies the 
contents of the receiver as far as 1000 times, even when 
meafured by the exterior gauge. The defeription of 
this machine, and an account of fomc experiments 
performed with it, are given by Mr. Cavallo in the PhiloC 
Tranf. for the year 1783. 

But the imperfections it feems have more recently 
been removed by an ingenious contrivance of Mr. 
Cuthbcrtfon, a mathematical inftrument maker at Ara- 
fterdam, now of London, whofe air-pump has neither 
cocks nor valves, and is fo conftrudled, that what, ftip* 
plies their place has the advantages of both, without 
the inconveniences of either. He has alfo made im¬ 
provements in the gauges, by means of which he de¬ 
termines the height of the mercury in the tube, by 
which the degree of exhaulliou is indicated, to the 
hundredth part of an inch. And.to obviate the' incon¬ 
venience of the elaflic vapour arifing from the wet 
leather, upon which the receiver is placed, for com¬ 
mon experiments, he recommends the ufe of leather 
drelfcd with alluni, and foaked in hog’s lard, which he 
found to yield very little of this vapour ; but when 
the utinoll degree i f exhaufiion is required, his advice 
is, to dry the receiver well, and fet it upon the plate, 
without any leather, only fmearing its outer edges with 
hog’s latd, or with a mixture of three parts of hog’s 
laid ami one of oil. But the ufe of the leather has 
long been laid alide by our Englilh inflrumetit-tnakers, 
a cireumllatice which probably had not come to Mr. 
Cuthbcrtfon's knowledge. An account of this inllrn- 
mcnr, and of fomc experiments performed with it, 
was publilhcd at Amflculam in the year 1787 ; from 
which expci imeuts it appears that, by a coinci¬ 
dence of the fevered gauges, a rate-faction of 1200 times 
was ihevvti; but when the atmofpherc was very dry, ‘ 
the exl. anil ion has been fo complete, that the gauges 
have {hewn the air in the receiver to be rarefied above 
2^00 times. 

There arc made alfo by different peifons, portable, 
or finall air-pumps, of various conitrudtiuns, to fet 
upon a table, to ptrfoi m experiments with. In thefe, 
the gauge is varied according to liie fancy of the ma¬ 
ker, hut commonly iicoufdls of a bent gluts tube, like 
a fvphon, open only at one end. The gauge is placed 
under a finall receiver communicating, by a pipe, with 
the principal pipe leading from the general iecei\er to 
the barrels. The clofe end of the gauge, of 3 or 4 
inches long, before the exhaufiion, has tlie quiekfdver 
forced clofe lip to the top by the preflure of the air on 
the open end ; but when the exhaufiion is confidcrahiv 
advanced, it begins to defeend, and then the difference 
of the heights of the quickfilvcT in the two leg 5 , com¬ 
pared with the height in the barometrical tube, deter¬ 
mines the degree of exhaulliou: fo if the difliicnce 
between the two be one inch, when the barometer 
Hands at 30, the afr is rarefied 30 limes; but if the 
difference be only half-tin inch, the rare full ion is 60 
times, and loori. Sec Plate in. fig. 2. 

7 he Up of the slir-Pump, In whatever manner or 
form this machine be made, the ufe and operation of it 
are always the fame. The handle, which works the 
piilon, is moved up and down in the barrel, by which 
1 means 
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means a barrel of the contained air is drawn out at every 
broke of the pifton, in the following manner: by pulh 
ing the piil'm down to the bottom of the barrel, where 
the air is prevented from d’eaping downwards, by its 
elallicitv it opens the valve of the pilton, and efcapew 
upwards above it into the open air; then railing the 
pifton up, the external atmolphcrc flints down its valve, 
and a vaeuum would be made below it, but for the air 
in the receiver, pipe, &c, which now railes the valve 
in the bottom of the barrel, and ruflies in and fills it 
again, till the whole air in the receiver and barrel he 
of one uniform denfity, hut left. than it was before the 
tlroke, in proportion as the flint of all the cupaeitiis 
of the receiver, pipe, and barrel together, is to the fame 
fi;m wanting the barrel. And thus is the air i:i the 
receiver ditniniihed at each ilroke of the pifton, by the 
quantity of the barrel 01 cylinder full, and therefore 
alviq. s m the fa ne proportion ; fo that by thus repent¬ 
ing the operation again and again, the air is rarefied to 
s::iy propoud degn r, or till it has not plafKcity enough 
to ope:, tb- valve ot tin pifton or of the barrel, after 
v hieh the cxlmuftion cannot he ar.y farther canid on : 
the gauge, in companion with the barometer, (hewing 
at any '.hue what the degree ot o.haullien is, according 
to tiie particular nature and couftruction of it. 

BnN fuppofing no vapour from nun'lluiv, tvr, to life 
in the receiver, the degree of cxliaultion, after air, 
number of iliokcs of the pilton, may he dctcunind 
by knowing the rv fpeCtivc capacities of the barrel ai d 
the receiver, including the pipe, £:c. l’or as we have 
feen above that every ftroke diniinilhcs the duility in a 
conftaut proportion, namely as much as the whole con¬ 
tent exceeds that of the cylinder or hand; and C011- 
itqueully the furn of as many diminutions as there are 
itrokes of the pilton, will fhew the wliole diminution 
by all the itrokes. > 5 o, if the ea]>aeity of the barrel be 
■ equal to that of the receiver, in which the communica¬ 
tion pipe is always to be included ; then, the barrel 
being naif the fum of the whole contents, half the air 
will fce drawn out at one flrokt ; and confequcntly the 
remaining half, being dilated thiough the wliole or iirll 
capacity, will be of only half the denfity of the firft : 
in like manner, after the icenud ilroke, the denfity of 
the remaining contents will he only half of that after 
the fir!l Ilroke, that is only' ft of the original denfity : 
continuing this operation, it follows that the denfity of 
the remaining air will be after 3 flrokrs of the pifton, 
•j*,- after 4 ilroke:., - 1 , after 5 iliokcs, and fo on, accord¬ 
ing to the powers of the ratio { ; that is, fuch power 
of the ratio as is denoted by the number of the ftrokeii. 
In like manner, if the barrel be \ of the whole con¬ 
tents, that h, the receiver double of the barrel, or } of 
the wliole con'.( ins ; then the ratio of diminution of 
denfity being the denfity of the contents, after 
any number of ftrokes of the pifton, will be denoted 
by Inch power of f whofe exponent is that number; 
namely, the deniity will l * after one Ilroke, (|)*or 
after two flrokes, (";) 3 or after 3 ftrokes, and in 
general it will be (y ) n after » ftrokes : the original 
denfity of the air being 1. Hence then, univerlally, 
if i denote the fum of the contents of the receiver 
and barrel, and r that of the receiver only without 
the barrel, and n any number of flrokes of the 
pifton; then, the original denfity of the air being 1, 


r ft /•!* 

the denfity after n fliokes will be (—) o — , namely 

S if 1 


the « power of the ratio —. So, for example, if the 

capacity of the receiver be equal to 4 times that of the 
hand ; then their fum s is j, and r is 4: and the 
denlity of the contents after 30 ftrokes, will be 
or ti e 301.I1 power of f, which is •*,’ t nearly ; fo that 
the air in the receiver is rarefied 808 time'. 

See a!fo the Memo-iresdclWcad. Rovule des Sciences 
for the years t'jyj and 1705. 


r n 

From the fume formula, namely (—) zz d ihc Jen— 


hty, we ei’fiiy derive n tide for finding the number of 
itrokes of the pill on, neeeftary to rarefy the air any' 
nunibvt of times, or to reduce it to a given denfity 

y* fl 

tliat or the natural air being t. For iince (— zz J f 


by taking the logaiithin of this equation, it is« X log, 

r 1 r , , . loir. d log. d 

— — mg. of d; ami lienee n — — -- 




log. r-log. J 


that i., divide the log. of the pn p.-fi\! deutity hv the 
log. of the ratio i.f ihr receiver to the luni ot the rc- 
ecivi r and hand together, and ti e quotient will (hew 
the iiui’.iln.T of ilroke-; of the pition mtu'lit" to produce 
the degree ill cxhunllioii i - . q.u"v !. So, ror example, :i 
the rci eivei he equal to . t.oivs the hand, and it he 
propoftd to 1 1 ml lenv many ftrokes ot ti. p.ilon vvih 
rarefy the air to-, times ; then t := y, s — (•, 1 1 — 

whole log. is — 2, and — — - , whole log. i.i —\ 791S; 

0 5 O 


therefore-- — nt.-ily, which is the number 

•07918 J 

of ftrokes lequired. 

And, faithei, the fame formula redueid, would give 
us tin- piopoition between th ■ receiver and hairel, when 
the aii is lurched to any d-g:\e by m nfligiwd mm,her 

f 

of iliokes of the pillon. For f.iiee (— ) ~ J the den¬ 
fity, there! n t , extracting the ;i root of both fide', it is 
— = 'L/i/: that is, the n root of the dcmiiy is equal 

.t 

to the ratio of the receiver to the fum oi the receiver 
and barrel. So, if the denlity d lie , .J f , and the num¬ 
ber of ftrokes n zz 7 ; then the 7th root of , 1, is [ ; 
which Ihews that the receiver is equal to half the re¬ 
ceiver and barrel together, or that the capacity of the 
barrel is juft equal to that of the receiver. 

Some of the principal effeita and phenomena of the 
air-pump, are the following: That, in the cxhanfted 
receiver, heavy and light bodies fall equally fvvift ; fo, a 
guinea and feather fall from the top of a tail receiver 
to the bottom exadtly together. That mull animals 
die in a minute or two : but however, That vipers and 
frogs, though they fvvell much, live an hour or two ; ami 
after being fecmingly quite dead, come to life again in 
the open air: That liiails furvive about ten hours.; 
efts, or flow-worms, two or three days; and leeches 
five or fix. That oyfters live for 24 hours. That the 
heart of an eel taken out of the body, continues to 
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beat for good part of an hour, and that more Widely 
than in the air. That warm blood, milk, gall, &c, un¬ 
dergo a confiderable intumefcence and ebullition. That 
a moufe or other animal may be brought, by degrees, to 
furvive longer in a rarefied air, than naturally it does. 
That air may retain its ufual preffure, after it is be¬ 
come unfit for refpiration. That the eggs of (ilk-worms 
hatch in vacuo. That vegetation Hops. That fire ex- 
tinguiflus ; the flame of a candle ufually going out in 
one minute; and a charcoal In about five minutes. 
That red-hot iron, however, feems not to be affefted ; 
and yet fulphur or gun-powder are not lighted by it, 
but only fufed. That a match, after lying fcemingly 
extinft a long time, revives again on re-admitting the 
air. That a flint and Reel lirilce fparks of fire as co- 
pioufly, and in all directions, as in air. That magnets, 
and magnetic needles, aft the fame as in air. That the 
fmoke of an extinguifhed luminary gradually fettles to 
tlie bottom in a darkifli body, leaving the upper part of 
the receiver clear and tranfparent; and that on inclin¬ 
ing the veflcl fometimes to one fide, and fometimes to 
another, the fume preferves its furface horizontal, after 
the nature of otlier fluids. That heat may be pro¬ 
duced by attrition. That cumphire will not take fire; 
mid that gun-powder, though fome of the grains of a 
heap of it be kindled by a burning glafs, will not give 
fire to the contiguous grains. Thai glow-worms lofie 
their light in proportion as the air is exhauiled, and at 
length become totally ohfeure; but on re-admitting 
tin- air, they piefcntly recover it all. That a bell, on 
being (truck, is not heard to ling, or very faintly. 
That water freezes. But that a fyphon will not run. 
That electricity appears like the aurora borealis. With 
multitudes of other curious and important particulars, 
to Ik- met with in the numerous writings oil this ma- 
hine, namely, hefides the Pliilof. Tranfaftiotm of moft 
academies and foeieties, in the writings of Torricelli, 
Pafcal, Meiienne, Guericke, Schottus, Boyle, Hook, 
Duhanu l, Mariotte, Haukfhee, Hales, Mufchenhroeck, 
Gravtfandc, Dcfaguliers, Franklin, Cotes, Hclfliam, 
and a gieat many other authors. 

Ais-Vtsshi., in Hydraulics , is a veflcl of air within 
fome water engines, which being compreflcd, by forc¬ 
ing in a confiderable quantity of water, by its uniform 
fpring, forces it out at the pipe in a conflant uninter¬ 
rupted (tream, to a great height. 

Air-vcffel too, in the improved fire engines, is a me¬ 
tallic cylinder, placed betwee n the two forcing pumps, 
by the aftion of whofe pillons the water is fenced into 
this veil'd, through two pipes, with valves; then the 
air, previoufly contained in it, is comprefied by the 
water, in proportion to the quantity admitted, and 
this air, by its fpring, forces the water through a pipe 
by a conflant and equal flream ; whereas in the com¬ 
mon fquirting engine, the llveam is difeontinued be¬ 
tween the feveral drakes. 

AIRY Triplicitv, in AJlrohgy, the figns of 
Gemini, Libra, and Aquarius. 

AJUTAGE, or Adjutage, in Hydraulics , part of 
the apparatus of a jet d'eau, or artificial fountain ; be¬ 
ing a kind of tube fitted to the aperture -or mouth of 
the cidem, or the pipe; through which the water is 
to be played in any direftion, and in any fliape or 
figure. 


It is chiefly thediverfity in the ajutage, that makes 
the different kinds of fountains. So that, by having 
feveral ajutages, to be applied occafionallv, one fountain 
is made to have the effect of many. 

Mariotte, Gravefande, and Delaguliers have written 
pretty fully on the nature of ajutages, or fpotits for jet* 
d’eau, and efpecially the former. He affirms, from ex-' 
periment, that an even polifheel round hole, made in 
the thin end of a pipe, gives a higher jet than cither 
a cylindrical or a conical ajutage; but that, of -tlvefc 
two latter however, the conical is better than the cy¬ 
lindrical figure. See his Traite du Mouvcmcnt dcs 
Eaux, part 4. 

The quantity of water difeharged by ajutages of 
equal arcs, but of different figures, is the fame. And 
for like figures, but of different fixes, the quantity 
dilcharged, is directly proportional to the area of the 
ajutage, or to the fquare of its diameter, or of any fide 
c other linear dimenfion : fo, an ajutage of a double 
diameter, or fide, will difeharge 4 times the quantity 
of water 5 of a triple diameter, 9 times the quantity ; 
and fo on ; fuppofing them at an equal depth below the 
furface or head of water. But if the*ajutage be at 
different depths below the head, then the celerity'with 
which the water iffues, and confequently the quantity 
of it run out in any given time, is direftly proportional 
to the fquare-rQot of the alt itude of the head, or depth 
of the hole : fo at 4 times the depth, the celerity and 
quantity is double; at 9 times the depth, triple; ami 
fo on. 

It has been found that jets do not rife quite fo high 
as the head of water; owing chiefly to the refillance 
of £he air agair.fl it, and the preffure of the upper parts 
of the jet upon the lower; and for this reafon it is, 
that if the direftion of the ajutage be turned a very 
little from the perpendicular, it is found to fpout rather 
higher than when the jet is exaftly upright. 

It is found by experiment too, that the jet is higher* 
or lower, according to the fixe of the ajutage; that a 
circular hole of about an inch and a quarter in diame¬ 
ter, jets highell ; and that the farther from that fixe, 
the worfe. Experience alfo (hews that the pipe leading 
to the ajutage, fliould be much larger than it; and if 
the pipe be a long one, that it (hould be wider the farther 
it is from the ajutage. 

For the other circunaftances relating to jets and the 
ifiuing of water under various cirrumltancen, fee Ex¬ 
haustion, Fi.ux, Fountain, Jet d’Eau, &c, to 
which they more properly belong. 

ALBATEGNI, an Arabic prince of Batan in 
Mesopotamia, who was a celebrated attronomer, about 
the year of Chrift 880, as appears by his obfervations. 
He is alfo called Muhammed hen Geber Allatani , Ma~ 
burntt the fun of Geber , and Muhamedes Araftrnfs. He 
made adronomical obfervatftms at Antioch, and at 
Racah or A raft a, a town of Chaldea, which foir.e 
author; call a town of Syria or of Mefopotamia. He 
is highly fpoken of by l>r. Halley, as a vir admirandi 
acuminis, ac in adminijirandh olfervationilus excrcitatj/Ji- 
mus. 

Finding that the tables of Ptolomy were imperfect, 
lie computed new ones, which were long uful as the 
heft among the Arabs ; thefe were adapted to the me¬ 
ridian of Arafta or Racah. Albategni compofed in 
1 x Arabic 
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Arabic a work under the title of The Science of the 
Start, comprifing all parts of agronomy, accoiding to 
his own obfervations and thofe of Ptolomy. This 
work, tranflated into Latin by Plato of Tibur, was 
jniblifiled at Nuremberg in 1537, with fome additions 
and deironitrations of Regiomontanus; and the fame 
was reprinted at Bologna in 1645, with this author's 
notes. Dr. Halley detected many faults iu thefe edi¬ 
tions : Philof. Tranf. for 1693, N° 204. 

Tn this work, Albategni gives the motion of the 
fun’s apogee fince Ptolomy’s time, as well as the motion 
of the liars, which he makes t degree in 70 years. 
He made the longitude of the firft liar of Aries to be 
*8° a'; and the obliquity of the ecliptic 23 0 3;'. 
And upon Albategni’s obfervations were founded the 
Alphonfine tables of the moon’s motions ; as is ob- 
ferved by Nie. Muler, in the Tab. Friiicx, pa. 24S. 

ALBERTIJS Macnus, a very learned man in the 
13th century, who, among a multitude of hooks, 
wrote fevcral upon the various mathematical fcienccs, 
as Arithmetic, Geometry, Pci fpectiveor Optics, Mufie, 
A Urology and Afirouomy, particularly under the titles, 
Jr fpl’xra, t/e ctjlrit, tic aftrvnomia , item fpa alum aflrono- 
nJttwi. 

Albert us Magnus was born at Lawingcn on the Da¬ 
nube, in Suabia, in 1205, or according to fome in 
1193; and he died at a great age, at Cologn, Novem¬ 
ber 1J, 1280. Voflius and other atlthors (peak of him 
as a great genius, and deeply /killed in all the learning 
of the age. Ilis writings were fo numerous, that they 
make 21 volumes iu folio, in the Lyons edition of 1615. 
Tie has paifed alfo for the author of fome writings re¬ 
lating to midwifery, &c, under the title of Dr nulttra 
rmim , and De ferret it mulierum, in which there are 
many pltrafes and exprdfions unavoidable on fuch a 
lu!>je<£t, which gave great offence, and raifed a clamour 
againll him as tlic fuppolcd author, and inconiiftent 
with liis character, being a Dominican friar, aud tome- 
time hilltop of Rati/bou ; which dignity however he 
iiKin refigned, through his love for folitude, to enter 
again into the monadic life. But the advocates of 
Albert affert, that he was not the author of either of 
t hide two works. It muff be acknowledged however, 
that there arc, in his Comment upon the Matter of 
Sentences, fome queftions concerning the practice of 
conjugal duty', in which he has ufed fome words rather 
too grofs for challe and delicate ears : but they allege 
what he himftlf ufed to fay in his own vindication, 
that h"c came to the knowledge of fo many monfirous 
things at confdfion, that it was impoffibW to avoid 
touching upon fuch queftions. Albert was certainly a 
man of a moll curious and inquifitive turn of mind, 
which gave rife to other accufations againft him j fuch 
at, that he laboured to find out the phnofopher’s Hone; 
that he was a magician j and that he made a machine 
in the fhape of a roan, which was an oracle to him, 
and explained all the difficulties he propofed : the com¬ 
mon cant accufations of thofe times of ignorance and 
fupcrftition. But having great knowledge in the ma¬ 
thematics and mechanics, by his /kill in thefe fcienccs 
he probably formed a head, with fprings capable of ar¬ 
ticulate founds j like the machines of Boetius and others. 

John Matthxus de Luna, in his ireatife De Rerum 
Inventories, has attributed Ute invention 0£ fire-arms 


to Albert ; but in this he is refuted by Naude, in his 
Apologie dcs grands hommes. 

ALBUMAZAR, otherwifecalled Abuassar, and 
Japhar, was a celebrated Arabian philofopher and 
aftrologcr, of the 9th or 10th century, or according to 
fome authors much earlier. Blancanus, Voflius, See, 
(peak of him as one of the moll learned aftronomers of 
his time, or allrologers, which was then the fame thing. 
He wrote a work De Maguit ConjunBionibus Sinnorum 
JRcvolutionibut , ac eorum Perfttlionilut , printed at Venice 
in 1513, at the expence of Melchior Scflu, a work 
chiefly aftrological. 

He wrote alfo IntroJuBio in Jljironominm , printed in 
the year 1489. And it is reported that he obferved 
comet in his time, above the orb of Venus. 

ALCOHOL, in the Arabian Aftrology, is ■. h n 
hcavy flow-moving planet receives another light, r one 
within its orb, fo as to come in conjunttion with it. 

Al.DEBARAN, an Arabian name of a fixed fin-, 
of the liifl magnitude, juft in the eye of the lign or 
conflellation Taurus, or the hull, and hence it is popu¬ 
larly called the bull’s eye. l'or the beginning of the 
year 1800, its 

Right Afccn(ion is — GC° 6' 51"*!.) 

Annual variation in AR o o 51 *31 

Declination — 16 5 52 *co N. 

Ami Annual vat iut. i:i Deck o > 8 ’30 

ALDERA 1 MJN, a liar of the third magnitude in 
the right flioulder of the coullcllation Ccphcii-. 

ALDHAFERA, or Ahlhaphra, in the .'-ahinn 
Aftronotnv, denotes a fixed liar of the third magnitude, 
in the mane of the lign or conllellation Leo, the Ii-11. 

ALEMBERT (John le Rond I)’), an eminent 
French mathematician and philofopher, and one of the 
brightell ornaments of the 181I1 century. lie was 
perpetual lecrctaiy to the French Academy of Sci¬ 
ences, and a member of moll of the philolophical 
academies and focictics of Europe. 

D’Alembert wa» bom at Paris, the 16th of Novem¬ 
ber 1717. lie deri-ed the name of John le Rom', 
from that of the church near which, after his birth, 
was expofed as a foundling. But his lather, iulormet! 
of this circumftance, liftening to the voice of n.ituie atul 
duty, took ntealures for the proper education of hi* 
child, and for his future fublillcnce in a llale <>1 e;.k 
and independence. His mother, it is faivl, was a lad.}- of 
of rank, the celebrated Mademoifelle Tcncin, filter to 
cardinal Tcncin, archbilhop of Lyons. 

He received his firft education among the Janfcnill?, 
in the College of the Four Nations, where lie gave 
early ftgns of genius and capacity. In the full year 
of his philosophical {Indies, he compofed a Commentary 
on the Epiitle of St. Paul to the Romans. The Jan- 
fenifts confidered this produdlion as an omen, that 
portended to the party of Port-Royal a reiteration 
to fome part of their former fplcndor, and hoped to 
find one day in d’Alembert a fecund Pafcal. To ren¬ 
der this refemblatice more complete, they engaged’ 
their pupil in the ftudy of the mathematics; but they 
foon perceived that his growing attachment to this 
feience was likely to difappoint the hopes they had 
formed with rclpe& to his future ddtination : they 
therefore endeavoured to divert him from this line ; 
but their endeavours were fruitlefs, 

Pn 
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On his quitting the college, finding himfelf alone, 
and unconnected in the world, he fought an afylum in 
the houfe of his nurfe. He hoped that his fortune, 
though not ample, would enlarge the fubfiflence, and 
better the condition of her family, which was the only 
one that he could conftdcr as his own. It was here 
therefore that he fixed his refidencc, refolving to apply 
himfelf entirely to the ftudy of geometry.—And here 
he lived, during the fpacc of 40 years, with thegreateft 
fimpllcity, difeovering the augmentation of his means 
only by increafing difplays of his beneficence, conceal¬ 
ing his growing reputation and celebrity from thefe 
honeft people, and making their plain and uncouth 
m-.mers the fubjeCt of good-natured plcafantry and 
I'hilofonhical ohfervation. His good nurfe perceived 
..1'' a L..t activity ; heard him mentioned as the writer 
o" many books ; but never took it into her head that 
lie was a greet man, and rather beheld him with a kind 
of companion. “ You will never, laid file to him one 
day, be any thing but a philofopher—anu wliat is a 
philofoj.hcr ?—a fool, who toils and plagues himfelf 
all his life, that people may talk of him when he is 
dead.” 

As d’Alembert’s fortune did not far exceed the de¬ 
mands of neceflity, his friends advifed him to tlvink of 
(omr piofellion that might enable him to increafe it. 
lie accordingly ti ned his views to the law, and took 
11 is degrees in that faculty : but foon after, abandoning 
tliis line, he applied himfelf to the ftudy of medicine. 
Geometry however was always drawing him back to 
his former purfuits; fo that after many ineffectual 
Uregglcs to rciift ks attractions, lie renounced all views 
of a lucrative profeflion, and gave himfelf up entirely 
to mathematics and poverty. 

I11 the year 1741 he was admitted a member of the 
Academy of Sciences; for which diftinguiflied literary 
promotion, at fo early an age (34), he had prepared 
the way by correcting the errors of a celebrated work 
("‘lie Analyfe Dcnwntris of Rcyncau), which was 
•licemed claifical in France in the line of analytics. He 
nftL'i wards let himfelf to examine, with clofe attention 
and afliduity, what mult be the motion and path tjf a 
body, which paffes from one fluid into another denfer 
fluid, in a direction oblique to the fnrface between the 
two fluids. Every one knows the phenomenon which 
happens in this cafe, and amufes children, under the 
denomination of Duels artel Drakes ; but it was d’Alem¬ 
bert who l’.rft explained it in a fatisfaCtory and philo- 
fophical manner. 

Two years after his ele&ion to a place in the acadc- 
> .y, he publifhed his Treatife on Dynamics. The new 
principle developed in this treatife, confiftcd in efta- 
blifhing an equality, at each inftaut, between the 
changes that the motion of a body has undergone, and. 
the forces or powers which have been employed to pro¬ 
duce them : or, to exprefs the Line thing otberwile, in. 
feparating into tivo parts the aCHon of the moving 
powers, and confidering the one as producing alone the 
motion of the body, in the fecorid inftaut, and the 
other as employed to deftroy that which it had in the 
firft. 

So early as the year 1744, d'Alembert had applied 
this principle to the theory of the equilibrium, and the 
motion of fluidsand all the problems before rcfolved 


in phyfics, became in fomc mcafure its corollaries. 
The difeovery of this new principle was followed by 
that of a new calculus, the firft eflays of which were 
publifhed in a Difrourfe on the General Theory of the 
IFine/s, to which the prize-medal was adjudged by the 
Academy of Berlin in fire year 1746, which proved a 
new and brilliant addition to the fame of d'Alembert* 
This new calculus of Partial Differences he applied, the 
year following, to the problem of vibrating chords, the 
refolution of which, as well as the theory of the ofcil- 
lations of the air and the propagation of found, had 
been but imperfe£tly given by the mathematicians who 
preceded him; and thefe were his matters or his 
rivals. 

In the year 1749 he furnifheda method of applying 
his principle to the motion of any body of a giveu 
figure. He alfo refolved the problem of the prtcef- 
fion of the equinoxes; determining its quantity, and 
explaining the phenomenon of the nutation of the tcr- 
reftrial axis difeovered by Dr. Bradley. 

In 1752, d’Alembert publifhed a treatife on the 
Rcjijlance of Fluids, to which he gave the modeft title 
of an E/fity ; though it contains a multitude of origi¬ 
nal ideas and new obfervations. About tire lame time- 
In* publifhed, ir: the Memoirs of the Academy of Ber¬ 
lin, Refearches concerning the Integral Calculus, which is 
greatly indebted to him for the rapid progrefs it has- 
made in the prefent century. 

While the ftudies of d’Alembcit were confined to 
mere mathematics, he was little known or celebrated 
in his native country. His connections were limited to 
a fmall foclety of felcCt friends. But his cheerful con- 
verfation, his fmart and lively Tallies, a happy kuack at 
telling a Dory, a finguhir mixture of malice of fpeech 
with goodnefs of heart, and of delicacy of wit with 
(implicit}* of manners, rendering him a pleafing and. 
interetting companion, his company began to be much 
fought after in the fafhionablc circles. His reputation 
at length made its way to the throne, and rendered him 
the object of royal attention and bcneEcen®fe' The 
confequence was a peufion from government, which he 
owed to the friendihip of couut d’Argenfon. 

But the tranquillity of d’Alembert was abated when 
his fame grew more cxicnlive, and when it was known 
beyond the circle of his friends, that a fine and en¬ 
lightened tp.fte for literature and philofophy accompa¬ 
nied his mathematical genius. Our author’s culogilt 
aferibesto envy, detraction, See, all the oppoiition and 
ccnfure that d’Alembert met with on account of the 
famous Encyclopedic, or Dictionary of Arts and 
Sciences, in conjunction with Diderot. None fruvly 
will refufe the well-deferved tribute of applaufe to the 
eminent dilplays of genius, judgment, and true liter ary. 
taftc, with which d’Alembert has enriched that great 
work. Among others, the Preliminary Difeoude he 
has prefixed to it, concerning the rife, progrefs, con¬ 
nections, and affinities of all the branches of human 
knowledge, is perhaps one of the moft capital piodac¬ 
tions the philofophy of the age can boaft of. 

Some time after this, d’Alcmbcit published his Phi- 
lofophical, Hijlorical, and Philological Mfcellanics. 
Thefe were followed by the Memoirs of Chriflhu 
queen of Sweden ; in which d’Alembert (hewed that he 
was acquainted with the natural rights of mankind, 

ar.d 
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.end was "bold enough to ^flert them. His Effiay on the 
Jnterruurfe of Men of Letters with Perfons high in Rani 
rind Office, wounded the former to the'quick, ns it ex- 
pofed to the eyes of the public the ignominy of thofe 
itxviJf chains, which they feared to ihake on, or were 
proud to wear. A lady of the court hearing one day 
the author accufed of having exaggerated the defpotifm 
of the great, and the fubmiflion they require, anfwered 
flyly, If he had confulted mc f I would have told him 
, ftill more of the matter.” 

D'Alembert gave elegant fpecirjtens of his literary 
abilities in his tranflations of forne felcCl pieces of 
Tacitus. But thefe occupations did not divert him 
from his mathematical ftudies: for about the fame time 
he enriched the Encyclopedic with a mult it tide of excel¬ 
lent articles in that line, and compofed his ReJ'earchts 
on fcveral Important Points of the Syflem of the 11 'orhi, 
in which he carried to a higher degree <>f perfection 
the folution of the problem concerning the perturba¬ 
tions of the planets, that had feverai years before been 
prefented to the Academy. 

In i yt;g lie publilhed liis Elements of Phihftphy : a 
work much extolled as remarkable for its prccifion and 
perfpicuity. 

The refentment that was kindled (and the difputrs • 
that followed it) by the article Geneva, iuferted in the 
Jincvelopedie, are well known. D’Alembert did not 
leave this field of eontroverfy with flying colours. Vol¬ 
taire was an auxiliary in the contcll: but as he had 
no reputation to lofe, in point of candour and decency ; 
and as lie weakened the blows of his enemies, by throw¬ 
ing both them and the fpedlators into fits of laughter, 
the iflueof the war gave him little uncafinefs. It fell 
more heavily on d’Alembert; and expofed him, even 
at home, to much contradiction and oppofition. 

It was on this occafion that the late king of PruiTia 
offered him an honourable afylum at his court, and the 
office of prefulent of his academy: and the king was 
not offended at d’Alembert’s refufal of thefe dilUnc- 
tione, ha|cultivated an intimate friendfhip with him 
during reft of his life. He had refttfed, fome time 
before this, a propofal made by the emprefs of Rufiia 
to entntft him with the education of the Grand Duke ; 
—a propofal accompanied with all the flattering offers 
that could tempt a man, ambitious of titles, or defirous 
of making an ample fortune : but the obje&s of his 
ambition were tranquillity and fludy. , 

In the year 1765, he publifhed his Diffirteitim on the 
DeJlruQian of the Jefuits. This piece drew upon him 
a fwarm of adversaries, who only confirmed the merit 
and credit of his work by their manner of attacking 
it. 

Befide the works already mentioned, he pnblifhrd 
nine volumes of memoirs and treatifes, under die title 
of Opvfeules ; in which he has refolved' a multitude of 
problems relating to aftronomy, mathematics, and na¬ 
tural philofophy ; of which his panegyrift, Condorcet, 
gives a particular account, more especially of thofe 
which exhibit new fubjefts, or new methods of invef* 
tigafion. 

He publifhed alfa Elements of Afuffic ; and rendered, 
at length, the fyftern of Rameau intelligible: but he did 
not think the mathematical theory of the fonorous body 
fufficient to account for the rules of that art. 
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la the year 1774 he was chofcn fecretary to the 
French Academy of Sciences. He- formed, foon after 
this preferment, the defign of writing the lives of all 
the deeeafed academicians, from 1700 to 177*1 and 
in the fpace of three years he executed this defign, by 
compofing 70 eulogies. 

D’Alcmbett died on the 29th of O&ober 1783, 
being nearly 66 years of age. In lnVmoral charac¬ 
ter there were many amiable lints of candour, modefty, 
difinteretlcdncfs, and beneficence; which are defcii- 
bed, with a difiiifive detail, in his culogimn, by Con- 
dorcct, in the I/if. tie l ’sicad. Royn/e dei Sciences, 
178?. 

As it may be curious and ufeful to have in one 
view an entire lift of d'Alembert’s writings, I ftntll lu te 
illicit a catalogue of them, from Roziti's N’ re rile 
loll .',1 . iniles contenus datu l.s volumes de P.'Lade- 
mi e l\-j, le des Science j de Paris, &c, as follows : 

’It.alt de Dynamique, in 410, Paris, 1743. The 2d 
eJ. in 1758. 

Traits de I* E;ui!ihre et du AP.nvrnent dij Fhti.lt:. 
Pari^, 1744; and the id edition in 1770. 

R fl xiuus fur 1 1 C tufe (..iterate ties Rents ; which 
gained the prize at Beilin in 174(1; and was prim id at 
Paris in I 7.(7, in .yto. ( 

Rechi relies fur la Prlc.JJion des Equinoxes, fur hi 
Nutation tie I’.lxe de la 7 erre a,ms le Syjtime Newtonun. 
Paris, 1749, in 410. 

Effiais duni Nouvtllt Theerie du Mouvemcnt du 
Fluids. Paris, 1752, in 410. 

Reeherel.es fur diffident Puints important du Syjl'eme 
du Monde. Paris, 1754310! 1756,3 vul. in 4to. 

EhmrsiS de Philnfupbic, 1 75y. 

Opit]rules Alathcmatiques, ou Mcnioires fur different 
Sujets de Geometric, tic Medianiqucs, tl’Optiques, 
d’Aftronomic. Paris, 9 vol. in 4m; 1761 to 1773. 

Element de Mufique, theurique & pratique, fuivant 
les Principcs dc M. Rameau, eclaircs, dcieloppca, & 
fimplities. 1 vol. in 8vo. a Lyon. 

De la Dejlrutlhn des jfefuius, 1 765. 

In the Memoirs of the Academy of Paris are the 
following pieces, by d’Alembert: viz, 

Pre.ts de Dynamique, 1743, Hill. 164. 

Precis de l’Lquilibre & de Mouvcmcr.t des Fluidc*, 
1744, Hift. 55. 

Methods generate pour determiner les Orbiies A le-? 
Mouvements de toutes les Planet e«, cn aiant egard a 
leur aftion mutuellc, 174J, p 365. 

Precis des Reflexions fur la Caufe Gcaualc des 
Vents, 1750, Hift 41. 

Precis des Rccherches fur la Preecfiion des Lcpii- 
noxes, et fur la Nutation de PAxe de la Terre dans 
le Svflemc Ncvvtonien, 175c, Hift. 134. 

Effisi d'une Nouvclle Thcoric fur ia Rcfiftanee des 
Fluides, 1752, Hill. n6. 

Precis des liflais d'uue Nouvellc Theoric dc la Re¬ 
finance des Fluides, 1753, Hill. *89. 

Precis des Rechcrclus fur les differens Points im- 
portansdu Syfteme du Monde, 1754, Hift. 125. 

Rccherches fur la Pf£c.eflion des Equinoxes, & fur la 
Nutation de l’Axc de la Terre, dans l’Hypothefe de la 
Difiimilitudc des Meridiem, 1754* p. 413, Hiil, 
116. 

Reponfe if un Article du Mcmoirc dc M. P Abbe de 

la 
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k Caille, fur Vl Thdoric du SolciV * 757 t J*. 145* 
Hift. 118. 

Addition & ce Mimoire, 1757, p. 567, Hift. 118, 

Prfc'ts dcs Opufcules Math&natiques, 1761, Hill. 86. 

Precis ilu ttoificme volume des Opufcules Math^ma- 
yques, 1764, Hift. 92. 

Nouve/lej Recherches fur les Verres Optiqtics, pour 
■ervir dc fuite si la thcorie qui cn a etc donnee dans le 
volume 3 0 des Opufcules Mathcmatiqucs. Premier 
Memoire, 1764, p. 75, Hill. 175. 

Nouvellcs Recherches fur les Verres Optiqucs, pour 
’ervir dc fuite a la th£orie qui en a tic donnee dans lc 
troifieme volume des Opufcules Mathematiqucs. Se- 
sond Memoire, 1765, p. 53. 

Obfervalions fur les Lunettes Acluomatiques, 1765, 
p, 53, Hill. 1 19. 

Suite des Recherches fur It's Verres Optiqucs. 
Troilieme Memoire, 1767, p. 43, Hift. 173. 

Recherches fur le Caleul Internal, I 7 ' 7 , p. 573. 

Accident arrive par lTlxplolio:! d’une Meule d’Emou- 
leur, 176B, Hift. 31. 

Pruts des Opufcules dc Matliematiqucs, 4 e & 5 e 
volumes. Leur Aualyfe, 17^18, Hift. S3. 

Recherches fur les Mouwinens <!e 1 ’ Axe d’une Plauctc 
quelconque datis l’liypotliefe de la Difiunilitude tics Me- 
lidicnes, 1768 p. I, Hill. 95. 

Suite ties Recherches fur Its Mouvctncns, fee, 1768 
|>. 332, Hift. <)?. 

Rechrr.hes fur le Caleul Integral, 1769, j>. 73, 

Mi incur c fur les Prineipes de la Meeh. 1769, p. 2 t8« 

And in the MemoM; of the Aoiulimy of Beilin, are 
the following pieces, i>v our author: viz, 

Recherches fur lc Caleul Intigial, piem’c.v pa:tic, 
174b. 

Solution de quelques problem es d'aftioiiomii. 1 747. 

Kcchirche r luriacombetjue forme un. C o:,L Tend.*.., 
mile en Vibration, 1747. 

Suite des recherches fur le Caleul Integral, 1 7.,’8. 

I.dire a M. dc Maupntms, 1 7 jo. 

Addition aux recherches tur la emirbe que fume line 
Corde Tendue mife en Vibration, 1750. 

Addition aux recherches lur lc Caleul Integral, 1750. 

Lettre a M. le profefllur Fornity, 1755. 

Jixtr. de differ, lettres a M. de la Orange, 

S ir les Tautochrones, 176?. 

Extr. de tiitfer. lettres a M. de la Grange, 1769. 

Alfo in the Mcmoiis of Turin arc, 

Differtntes Lcttre a M. tie la Grange, ur l~ t C\ S 
1761;, tom. 3 of tliel'e Memoirs. 

Kahcrchcs fur differens fujets de Math. t. 4. 

ALFECCA, or Alfeta, a name given to thi (lar 
commonly called Lueida Corona*. 

ALFRAGAN, Ai.fekgaki, or Fargani, a cch- 
brated Arabic aftronomer, who flourifhed about tiie 
year 800. lie was fo called from the place of his na¬ 
tivity, Fergan, in Sogdiana* now called Maracanda, or 
Samarcand, anciently apart of Baelria. He is alio 
called Ahmed (or Mohammed) ben-Cothair, or Katir. 
lie wrote the Elements of Aftronomy, in 30 chapters 
or fed ions. In this work the author chiefly follows 
Ptolomy, ufmgthe fame hypothefes, and the fame terms, 
and frequently citing him. 

There arc three Latin ttanllations of Alfvrjan’s 
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work. The firft was made in the 1 ath century* by 
Joannes Hifpalcnfis ; and was publifhed at Ferrara in 
»49^» and at Nuremberg in 1537, with a preface by 
Mclan&hon. The fecond was by James Chriftman* 
from the Hebrew verfion of James Antoli* and appeared 
at Frankfort in 1590. Chriftman added to the firft 
chapter of the work an ample commentary, in which he 
compares together the calendars of the Romans, the 
Egyptians, the Arabians, the Perfians, the Syrians, and 
the Hebrews, and (hews the correfpondence of their 
yeais. 

. The third and beft tranflation was made by Golius, 
profcflbr of mathematics and Oriental languages at 
Leyden: this work, which came oat in 1669, after 
the death of Go!iu.», is accompanied with the Arabic 
text, uud many learned notes upon the firft nine chap¬ 
ters ; for this author was not fpared to carry them 
farther. 

ALG AROTl, commonly called Count A/ynroti, a 
celebrated Italian of the prefect century, well (killed in 
Architecture and the Newtonian philolophy, Ac. Al- 
garoti was born at Padua, but in what year has not 
been mentioned. Led by curiofity, as well as a defire 
of improvement, he liavelled early into foreign countries; 
and was very young* when he arrived in France in 173b. 
It was here that he eomjvofcd his N’ewtouian Phdofophy 
for th- Radies , as Funtcurlli' hat] done his Cartelian 
Ailionoiny, in the work intitlcd 'T/.>■' P/uraliy of Worlds. 
lie was ’much notice.] by the king of Pruflia, who 
conferred on him many mask:, of his cfteim. He died 
at Pifa the 23d of Ma r, 17C1.3, and gave orders for his 
own mauloleum, vvitii this iiifcriptiou upon it; Hie 
t.icd Aiyirjtus, r.rn is- lie war. elleemed to be* 
well I hilled in painting, feu'jJtnrc, and architedlure. 
Hn> works, wliieh are numeivuJ, and upon a variety of 
fubjeCtabound with vivaeitj, ckgance, and wit: a 
cvllecriou of them has lately been made, and primed" 
at Leghorn ; but that for whie.lt he is chiefly inti tied 
to a place in this work is hi.; A r . wtonia.n Phi!-fophy fot 
the L.idiis , a fpiiglilly. ingenious, and popular work. 

ALGEBRA, a general method of reiolviug ma¬ 
thematic;.! problems bv means of equation::. Or, it is 
a method of performing the calculations of all forts of 
quantities by means of general ligns or characters. At 
full, mimbets and things were exprefled by their names 
at full length; but afterwards tilde were abridged, 
.mil the initials of the words it fed inilead of them ; and, 
as the art advanced farther, the letters of the alphabet 
came to be employed as general ivpi dentations of all 
fort.- ol quantities ; and other marks were .gradually 
intinduced, to exprefs all forts of operations and com¬ 
binations; i<> .vi to eir.ilh - it tu diftcunt appellations— 
uni.erl.il arithmetic, and literal arithmetic, and tin 
aiithmelie uf figiu. 

'Fhe* etymology of the name, A'.nbra, is given in 
various ways. It is pretty certain, however, that tin. 
word is Arabian, and that fiom llioie people we had 
the name, as well as the art itfelf, as is tellilied by 
Lucas le Btugo, the firft European author v.hofe trui■■ 
tiie was printed on this art, and who alfo lifers to for¬ 
mer authors and malleis, from wliofc writings he had 
learned it. The Arabic name he gives it, is A'ghebrct 
c Air;..,d-.:!it, which is explained to iiguify the art of 
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rejlituiion andeomparifon, or opprfition and eomparifon , or 
refdution and equation, all winch agree well enough with 
the nature of this art. Some however derive it from 
various other arabic words; as from Giber, a celebrat¬ 
ed philofopher, chcmift, and mathematician, to whom 
all'o they aferibe the invention of this fciencc: fome 
likewifc derive it from the word Geber, which with the 
particle til, makes Algeber, which is purely Arabic, 
and fignifics the reduction of broken numbers or frac¬ 
tions to integers. 

But Peter Ramus, in the beginning of bis Algebra, 
iay-s “ the name Algebra is Syriac, fignifying the ait 
and doctrine of an excellent man. For Geber, in Syriac, 
is a name applied to men, and isfometimes a term of ho¬ 
nour, as mailer.or doctor atnoit" us. 'I'liat there was a 
certain learned mathematician, who fent his Algebra, 
written in the Syriac language, to Alexander the Great, 
and be named it Almucabala, that is, the book of dark or 
myfterious things, which others would rather call the 
doctrine of Algebra. And to this day the fame book 
is in great ellimation among the learned in the oriental 
nations, and by the Indians who cultivate this art it is 
called Atjalta, and All mi % though the name of the 
•author himfelf is not known.” But Ramus gives no 
authority for this lingular paragraph. It has however 
on various occasions been dillinguilhcd by other names, 
l.ucas Paciolus, or de l’uivro. in Italy, called it l'whit 
Magiore : dill a da! vtdgn la Rr;c! t de hi Cofa over sli¬ 
ght bra e Almurabala ; calling it l'sirte Magdre , or the 
greater ait, to diflinguifh it from common arithmetic, 
which is called 1 'Arte Alii. at, or the Idler ait. It Items 
loo that it. had been long and commonly known in hi: 
country by the name R-.gnUi dr la C„/'a, or Rule of tie 
Thing ; from whiiice c.»me our rule of cols, code num¬ 
bers, and fuel 1 like terms. .Some of hi ; count! \ nu n 
followed his denomination of the ait ; but other Italian 
and Latin write... called it A\gv \i rti id a:.Jus, the rule 
of the thing and the product, or the root and the 
fquare, as the unknown quantity in tl.eir equations 
commonly afeended no higher than the fquare or feeond 
power. Front this Italian word cetfic, ptonounud 
ehafus, came the barbarous word sawn/-, idl'd by the 
Germans and others, for quadratics; w ilhibe fevi c.d '/cn- 
7.ie or fquare roots. And hence J, 3, (f, which 
are derived from the letters r, ~, c, the initials of ns, 
xrnzus, cuius, or toot, fquart, cube, came to' be the 
ligns or characters of tiiciV winds: like as R, and f, 
derived from the letters R, r, became tiic li.;ns of rudi- 
cality. 

Lates authors, and other nations, ufed feme the one 
•of thofe names, and fome another. It was alio called 
Specious Arilhnutie by Yiua, on account of the fpecics, 
or letters of the alphabet, which he brought into ge¬ 
neral ufe; and by Newton it was allied Uneverjetl 
Arithmetic, from tlie manner in which it performs all 
arithmetical opera!ions by general fymbois, or indeter¬ 
minate quantities. 

Borne author 4 define algebra to be the art of ref doing 
mathematicalprold ms: but this is the idea of analyfis, 
or the analytic art, in general, rather than of algebra, 
which is only one particular fp^cies of it. 

Indeed algebra properly conlifls of two parts: firfl, 
the method of calculating magnitudes or quantities, as 
Tcprcfcntcd by letters or other characters ; and iccoudly 


the manner of applying thefe calculation* in the folu- 
tion of problems. ’ 

In algebra, as applied to the refolution of problem*, 
■the firfl bufinefs is to translate the problem out of the 
common into the algebraic language, by expre/fing all 
the conditions and quantities, both known and un¬ 
known, by their proper characters, arranged iti an 
equation, or feveral equations if ncceflaty, and treat¬ 
ing the unknown quantity, whether it be number, or 
line, or any other thing, in the fame way as if it were 
a known one; this forms the compolition. Then the 
refohitiftn, or analytic part, is the difentangling the un¬ 
known quantity from the feveral others with which it 
is connected, lb as to retain it alone on one fide of the 
equation, while all the other, or known, quantities, 
arc collected on the other fide, and fo giving the value 
of the unknown one. And as this difentangling of the 
quantity fought, is performed by the converle of the 
operations by which it is connected with the others, 
taking them always backwards in the contrary order, 
it hence becomes a fpecies of the analytic art, and is 
calk'd the modern analyils, in contradiltinition to the 
ancient analylis, which chiefly refpctled geometry, ami 
its applications. 

There have aiifen great controverfies and fharp de¬ 
putes among authors, concerning the hiitory of the 
prognfsand improvements of Algebra; ariliug partly 
from the partiality and prejudices which ate natural ;<> 
all nations, and partly bom the want of a clofer ixa- 
mination of the works of the older authors on t} 1;fub- 
jeet. From thefe caufes it has happened, that the im¬ 
provements made by the writers of one nation, kavr 
been aferibed to thole of another; and thedifeovi tin. ..f 
an eailier autlu r, to fome one of 1nu. i1 later date. Add to 
this n'fo, that the peculiar methods’of main autho: • 
have been tiefn ibed fo little in detail, that nur informa¬ 
tion derived from ftteli hiftoricr, is but vary impel feet, 
and amounting only to fome general and vague iiii ;..•. of 
the tine 11 .ile of the arts. To remedy this ineoiivu;:- 
enee tlierefore, and to re form this nrliele, J have taken 
the pains carefully to read over in fiieceliion all the old¬ 
er authors on tliisfuhj.fi, which I have been able to 
meet with, and to write down dillinctly a particular ac¬ 
count and defeiiptson of their feveral con.politi.ins, as 
to their contents, notation, improvement;., and pecu¬ 
liarities ; from the companion of all which, 1 have ac¬ 
quired an idea moreprccifeand accurate than il was pul- 
iible to obtain from other hiIIoras, and in a gnat many 
inflnnces very different from them. The full detail of 
thefe defuiptions would employ a volume of itfclf, 
and would be far too i-xtenlive for this place : 1 mull 
therefore limit this article to a very brief abridgment of 
my notes, remaiking only the moll material circum- 
flauccs in each author ; from which a general ilka of 
the chain of improvements may be perceived, front the 
fir A rude beginnings, down to the mote perfect ilate ; 
from which it will appear that the difeovcrics and im¬ 
provements made by any one Angle author, are fearcely 
ever cither very great or numerous; blit that, on the 
contrary, the improvements arealmoll always very flow 
and gradual, from former writers, fucceflively made, 
not by great leaps, and after long intervals of time, 
but by gradations which, viewed in fucccluon, become 
almolt impeicepiiblc. 
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Auto the origin of the analytic art, of which Alge¬ 
bra is ,a fpccies, it is doubtlefs as o!d as any fcience in the 
world, being the natural method by which the mind in- 
▼elligates truths, caufes, and theories, from their ob¬ 
served effe&s and properties. Accordingly,;traces of 
it are obfervable in the works of the earliett phijofo- 
•pliers and mathematicians, the fuhjeft of whofc enqui¬ 
ries molt of any require the aid of futh an art. And 
this procefs conftituted their Analytics. Of that pat c 
of analytics however which is properly called Algebra, 
■the oldcft treat ife which has come down to us, is that 
of Diopliantus of Alexandria, who flourifhed about the 
year 350 after Ohrid, and who wrote, in the Greek lan¬ 
guage, 13 books of Algebra ot Arithmetic, as mentioned 
by himfclf at the end ofliis addrefs to Dionyfms, though 
only 6 of them have hitherto been printed 5 and an hn- 
perfedl book on multangular numbers, namely in a 
.Latin traulktion only, by Xilandcr, in the year 157c, 
ntid afterwards in 1&21 and 1670 in Greek'and Latin 
by Gafpar faclict. Tliefe books however do not con¬ 
tain a treatife on the elementary parts of Algebra, but 
only collections of diflicult quellions relating to fquare 
and cube numbers, and other curious properties of 
numbers, with their folutious. And Diopliantus only 
prefaces the books by an addrefs to one Dionvlius, 
for whole ufe it was probably written, in which lie 
juII mentions certain precognita, as it were to prepare 
him for the problems themfeives. In thefe remarks he 
ihews the names and generation of the powets, the 
fquare, cube, 4th, 5th, 6th, &c, which he calls dyna- 
mis, culms, dynamodinatnis, dvnamocubus, cubocu- 
bus, according to the fum of the'indii cs of the powers; 
and he maiks tliefe powers with the initials tliU3 f, x”, 
Jo*, Sk', &e: the unknown quantity he calls limply 
«fiO/xo,-, turner ns, the number; and in the folutious he 
commonly marks it by the final thus {j alfohe denotes 
the monadcs, or indefinite unit, by Diopliantus there 
remarks on the multiplication and divifion of fimple lpe- 
cies together, Ihewing what powers or fpccies they pro¬ 
duce ; declares that minus (XioJ-.,-) multiplied by minus 
produces plus (iwa r fi») ; but that minus multiplied by 
pins, produces minus; and that the mark ufed for mi- 
mis is p, namely the 4- inverted and curtailed, but he 
ufes no mark for plus, but a word or conjunction copu¬ 
lative. As to the operations, viz. of addition, fub- 
traClion, multiplication, and divifion of compound 
fpccies, or thofc connected by plus and minus, Dio- 
pliant us docs not teach, but fuppofes his reader to 
know them. He then remarks on the preparation 
or Amplifying of the equations that arc derived from 
the quellions, which we call reduction of equations, 
by colleffing like quantities together, adding quan¬ 
tities that arc minus, and fubtrading fuch as are 
plus, called l>y the moderns Tranfpulition, fo as to bring 
the equation to Ample terms, and then deprefiing it to 
a lower degree by equal divifion when the jiowcrs of the 
unknown quantity are in every term: which prepara¬ 
tion, or reduction of the complex equation, being now 
made, or reduced to what we call a final equation, I)io- 
phuntus goes no fart her, but barely fays what the root 
or res i x ,wlu is, without giving any rules for finding it, 
or for the relolutiun of equations; thereby intimating 
that lueh rules were to he found in fome other work, 
done either by himfclf or others. Of the body of the 
Vol. 1. 


work, Lib. 1 contains 43 quellions, concerning one, 
two, three, or four unknown numbers, having certain 
relations to each other, viz. concerning their (ants, dif¬ 
ferences, ratios, ptpdu&s, fquares, fums and differen¬ 
ces of fquares, &c, &c } but none of them concerning 
either fquare or cubic numbers. Lib. 2 contains 36 
quellions. The lull five quellions are concerning two 
numbers, though only one condition is given in each 
quell ion; but lie fuppliei^nothcr by affirming the num¬ 
bers in a given ratio, viz. as 2 to I. The 6th and 7th 
contain each two conditions: then in the 8th quell ion 
he fii ft comes to-treat of fquare numbers, which is this, 
to divide a given fquare number into two other fquares; 
and the 9th is the fame, but jxrfonned in a different 
way: the red, 10 the end, are, almoft all, about one, 
two, or three fquares. Lib. 3 contains 34 quellions 
< onc« 1 ning fquares, chiefly including three or four num¬ 
bers. Lib. 4 begins with cubes; the firftof which is 
tin’s, to divide a given number into two cubes whofe 
iidcs fhall have a given fum*: here he has occafion to 
cube the two binomials 5+ n and 5 —n j the manner of 
doing which (hews that lie knew the compofition of the 
cube of a binomial; and many other places manifcll the 
fame thing. Only part of the queltions in this book 
are concerning cubes ; the reft are relating to fquares. 
Two or three queltions in this book have general folu- 
tions, and the theorems deduced are general, and for any 
numbers indefinitely; but all the other queltions, in all 
the four books, find only particular numbers. Lib. 5 is 
alfo concerning fquare and cube numbers, but of a more 
difficult kind, beginning with fome that relate to num¬ 
bers in gcometiical piogreffion. Lib. 6 contains 26 pro- 
politions, concerning right-angled triangles; fuch as to 
make their lides, areas, perimeters, &c, &c, fquares 
or cubes, or rational, &c. In fome parts of this book 
it appears, that he was acquainted with the compofition. 
tif the 4th power of the binomial root, as he fets down all 
the tcnns of it; and, from his great fkill in fuch matters, 
it Items pi tillable that he was acquainted with the compo- 
fition of othei higher powers, and with other parts of Al¬ 
gebra, hefidts what ai e here treated of. At the end is part 
of a book, in ioprupofitions,concerniiigarithnieticalpro- 
grellions, and multangular or polygonal numbers. I)io- 
plianlus once mentions a compound quadratic equation j 
but the reiblution of his quellions is by fimple equa¬ 
tions, and by means of only one unknown letter or cha¬ 
racter, which lie choofes fo ingenioully, that all the 
other unknown quantities in the qucllion are cafily cx- 
preffed by it, and the final equation reduced to the fim- 
plelt form which it Teems the qucllion can admit of. 
Sometimes he fubllitutes for a number fought immedi¬ 
ately, and then expreffes the other numbcis or condi¬ 
tions by it: at other times lie fubllitutes for the fum or 
difference, &c, and thence derives the reft, fo as always 
to obtain the expreffions in the' fimpleft form. Thus, 
if the fum of two numbeisbe given, he fnbftitutes for 
their difference ; and if the difleicnce be given, he fub- 
llitutes for their fum : and in both cafes he has the two 
numbers cafily exprelfcd by adding and fubtrading the 
halt fum and half difference; and k> in other cates he 
ufes other limilar ingenious notations. In fhort, the 
chief excellence in this collection of quill ions, which 
feems to be only a let of excreifes to fome 1 ules which 
had been given clfewheie, is the neat mode of fubftitu- 
tion or notation ; which being once made, the rctiuc- 
K tioa 
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t ion to the Anal equation is eafy and evident i and there 
he leave* the folution, only mentioning that the root or 
ap 9 f*«* is io much. Upon the whole, this work' is treated 
in a very able and maftcrly manner, manifeftiug the ut* 
moft addrefs and knowledge in the folutions, and for- 
ciug a pertualion that the author was deeply /killed in 
the fcicnce of Algebra, to fome of the moft abftrufe 
parts of which thefe queftions or exercifes relate. How¬ 
ever, as he contrives his al&imptions and notations fo 
as to reduce all his conditions to a Ample equation, or 
at leaft a Ample quadratic, it docs not appear wliat his 
knowledge was in the refolution of compound or affedt- 
ed equations. 

But althoughDiophantus was the firft author on Alge¬ 
bra that we now know of, it was not front him, but from 
the Moors or Arabians that we received the knowledge 
of Algebra in Europe, as well as that of moft other 
fciences. And it is matter of dilute who were the 
Aril inventors of it; fome aferibing the invention to 
the Greeks, while otheis fay that the Arabians had it 
from the PerAans, and thefe from the Indians, as well 
as the arithmetical method of computing by ten cha- 
radlers, or digits; but the Arabians themfelves fay it 
was invented amongil them by one Mahomet hen Mufti , 
or fon of Mofes, who it feems flourifhed about the 8th 
or 9th century. It is more probable, however, that 
Mahomet was not the inventor, but only a perfon well 
/killed in the art 5 and it is farther probable, that the 
Arabians drew their firft knowledge of it from Dio- 
phaqtus or other Greek writers, as they did that of 
Geometry and other fciences, which they improved and 
tranflated into their own language; and from them it 
was that we received thefe fciences, before the Greek 
authors were known to us, after the Moors fettled in 
Spain, and after the Europeans began to hold commu¬ 
nications with them, and that our countrymen began 
to travel amongft them to learn the fciences. And ac¬ 
cording to the teftimony of Abulpharagius, the Arith¬ 
metic of Diophantus was tranflated in Arabic by Ma¬ 
homet ben-yahya Basiani. But whoever were the 
inventors and firft cultivators of Algebra, it is certain 
that the Europeans firft received the knowledge, as 
well as the name, from the Arabians or Moors, in con- 
iequcnce of the clofe intercourfc which fubfifted be¬ 
tween them for feveral centuries. And it appears that 
the art was pretty generally known,-and much culti¬ 
vated, at leaft in Italy, if not in other parts of Europe 
alfo, long before the invention of priming, as many 
writers upon the art are ftill extant in the libraries of 
manuferipts ; and the firft authors, prefently after the 
invention of printing, fpeak of many former writers 
on this fubjed, front whom they learned the art. 

It was chiefly among the Italians that this art was 
firft cultivated in Europe. And the firft author whofe 
works we have in print, was Lucas Paciolus, or Lucas 
de Hvrgo, a Cordelier, or Minorite Friar. He wrote 
feveral treatifes of Arithmetic, Algebra, and Geome¬ 
try, which were printed in the years 1470,1476, 1481, 
J487, and in 1494 lu's principal work, intitled Summa 
de Arithmetic 7, G'cometria. Proportioni, el Proportionalita , 
is a very mafterly and complete treatiie on tliofe fcicn- 
ces, as they then flood. In this work he mentions va¬ 
rious former writers, as Euclid, St. Auguftine, Sacro- 
bofeo or Halifax, Boctius, J’rodocimo, Giordano, 


Biagio da Parma, and Leonardua Pifanut, from whom 
he learned thofe fciences. The order of the work is, 
l ft Arithmetic, ad Algebra, and 3d Geometry. Of 
the Arithmetic the contents, and the order of them, 
are nearly as follow. Firft, of numbers figurate, odd 
and even, perfed, prime and compofitc, and many 
others. Then of Common Arithmetic in 7 parts, namely 
numeration or notation, addition, fubtradion, multi¬ 
plication, diwfion, progreifion, and extradion of roots. 
Before him, he fays, duplation and mediation, or dou¬ 
bling and halving, were accounted two rules in Arithme¬ 
tic ; but that he omits them, as being included in multi¬ 
plication and divifion. He aferibes the prefent notation 
and method of Arithmetic to the Arabs; and fays that 
according to fome the word Alaco is a corruption of 
Motto Arabieo, but that according to others it was from 
a Greek word. All thofe primary operations he both per¬ 
forms and demonftrates in various ways, man) of which 
are not in ufc at prefent, proving them not only by 
what is called calling out the nines, but alfo by calling 
out the fevens, and otherwife. In the extradion of 
roots he ufes the initial 1>. for a root; and when the 
roots can be extraded, he calls them diferete or ra¬ 
tional ; otherwife furd, or indifcretc, or irrational. The 
fquare root is extraded much the fame way as at pre¬ 
fent, namely, dividing always the lafl remainder by 
double the root found} and fo he continues the furd 
roots continually nearer and nearer in vulgar fradions. 
Thus, for the root of 6, he firfts finds the neareft whole 
number 2, and the remainder 2 alfo ; then ? or -J is the 
firft corredion, and l\ the fccond root: its fquare is 6*, 
therefore \ divided by 5, or is the next corredion, 
and 2 1 minus or 2 is the 3d root: its fquare is 
therefore divided by 4,3, or is the 3d 

corredion, which gives 2 ,*-pVt> for the 4111 root, whofe 
fquare exceeds 6 by only and fo on con¬ 

tinually : and this procefs he calls approximation. He 
obferves that fradions, which he fets down the fame 
way as we do at prefent, are extruded, by taking the 
root of the denominator, and of the denominated, for 
fo lie calls the numerator; and when mixed numbers 
occur, he direds to reduce the whole to a fradion,and 
then extrad the roots of its two terms as above : as if 
it be 12 V ; this lie reduces to and then the roots give 
* or 3^-: in like mannet he finds that 4f is the loot of 
2 o\ ; the root of 30^ ; “ and fo on (lie adds) in 
infinitum which flievvs that he knew how to form the 
feries of fquarcs by addition. He then extracts the 
cube root, by a rule much the fame as that which is 
ufed at prefent ; from which it appears that he was 
well acquainted with the co-efficicnts of the binomial 
cubed, namely 1, 3, 3, 1 ; and lie direds how the 
operation may be continued “ in infinitum” in fradions, 
likoas in the fquare root. After this, he deferihes 
geometrical methods for extrading the fquare and cube 
roots inftrumciitally : lie then treats profcflcdly of vulgar 
fradions, their redudions, addition, fubtradiori, and 
other operations, much the fame as at prefent: then of 
the rule-of-threc, gaiu-and-lofs, and other rubs ufed by 
merchants. 

Paciolus next enters on the algebraical j art of this 
Work, which he calls “ L'Arte Magi ore ; ditta dal vul^o 
la Regola dcla Cofa, over Afghehra e Ahnucahala which 
loft name he explains by rejlaurath c3* opprfith, and 
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■(figns si a reafon for the firft name, beeanfe it treats ef 
things above the common affair* in bufinefs, which 
make the Arte Minore. Here he afcribes the invention 
of Algebra to the Arabians, and denominates the feries 
of powers, with their marks or abbreviations, as «*. 
or numero , the abfolute or known number} eo. or co/a, 
the thing or I ft power of the unknown quantity ; ce. 
or cenfo, the product or fquare; cu, or cubo, the cube, 
or 3d power} ce. ce: or cenfo de cenfo, the fquare-fquared, 
or 4th power ; p°. r°. or firimo relato, or 5 th power ; 
ce. cu. or cenfo de cubo , the fquare of the cube, or 6th 
power; afid fo on, compounding the names or indices 
according to the multiplication of the numbers 2, 3, &c, 
and not according to their fum or addition, as ufed by 
^ Diophantus. He deferibes alfo the other charadcrs 
made ufe of in this part, which are for the moft part no 
more than the initials or other abbreviations of the words 
themfclves ; as R for radici, the root; {{,. R. radici de 
radici, the root of the root; R u. radici univcrfale , or 
radici leg at a, or radici unita ; R cu. radici cuba ; and 

q3* quantita , quantity; p for piu or plus, and m for 
meno or minus; and he remarks that the neccffity and 
ufe of thefe two laft charaders arc for connecting, bj 
addition or fubtradion, different powers together ; as 
3 co. p. 4 ce. m. 5 cu. p, 2 ce. ce. m. 6 that is, 3 
cofa piu 4 cenfa meno 3 cubo piu 2 ccnfa-cenfa meno 
6 numeri, or, as we now write the fame thing, 3*4-4.%* 
— 5** 4- ix* — 6. He firft treats very fully of pro¬ 
portions and proportionalities, both arithmetical and 
geometrical, accompanied with a large colledion of 
qudtions concerning numbers in continued proportion, 
refolved by a kind of Algebra. He then treats of cl Ca~ 
taym, which he fays, according to fome, is an Arabic or 
Plicnician word, and figniiies the Double Rule of Falle 
Pofition : but he here treats of both fingle and double 
pofition, as we do at prefent, dividing the el Cataym into 
fingle and double. He gives alfo a geometrical dcmon- 
ft ration of both the cafes of the errors in the double 
rule, namely when the errors are both plus or both 
minus, and when the one error is plus and the other 
minus; and adds a large collection of queftious, as ufual. 
He then goes through the common operations of Al¬ 
gebra, with all the variety of figns, as to plus and minus; 
proving that, in multiplication and divifion, like figns 
give phis, and unlike figns give minus. He next treats 
of different roots in infinitum, and the extraction of 
roots; giving alfo a copious treatifeon radicals or furds, 
as to their addition, fubtradion, multiplication and 
divifion, and that both in fquare roots and cube roots, 
and in the two together, much the fame as at prefent. 
He makes here a digreffion concerning the 15 lines in 
the 10th book of Euclid, treating them as furd numbers, 
and teaching the extraction of the roots of the fame, 
or of compound furds or binomials, fuch as of 23 p R 
448, or of R 18 p R 10; and gives this rule, among 
leveral others, namely : Divide the firft term of the bi¬ 
nomial into two fuch parts that their product may he J 
of the number in the fecond teim ; then the roots of 
thofe two parts, conneCtcd by their proper iign p or m, 
is the root of the binomial; as in this 23 p R 448, the 
two puts of *3 are 7 and tfi, whofe produCt, 112, is £ 
of 44 8, therefore their roots give 4/ R 7 for the root 
R u. 23 p R 448. He next treats of equations both 
Ample and quadratic, or fimple and compound, as he 


calls it; and this latter he performs by completing the 
fquare, and then extrading the root, juft as we do at 
prefent. He alfo refolves equations of the fimple 4th 
power, and of the 4th combined with the ad power, 
which he treats the fame way as quadratics; exprefling 
his rules in a kind of bad verfe, and giving geometrical 
demonit rations of all the cafes. He ufes both the roots 
or values of the unknown quantity, in that cafe of the 
quadratics which has two pofitivc roots ; but he takes 
no notice of the negative roots in the other two cafes. 
But as to any other compound equations, fuch as the 
cube and any other power, or the 4th and I ft, or 4th 
and 3d, Sec, he gives them up as impolfibic, or at Icaft 
fays that no general rule has yet been found for them, 
any more, he adds, than for the quadrature of -the circle. 
—The remainder of this part is employed on rules in 
trade and merchandife, fuch as Fellowlhip, Barter, Ex¬ 
change, Intercft, Compofition or Alligation, with 
various other cafes in trade. And in the third part of 
the work, he treats of Geometry, both theoretical and 
p radical. 

From this account of Lucas de Burgo’s book, we 
may perceive what was the Hate of Algebra about the 
year 1500, in Europe; and probably it was much the 
fame in Africa and Alia, from whence the Europeans 
had it. It appears that their knowledge extended only 
to quadratic equations, of which they ufed only the 
pofitive roots; that they ufed only one unknown 
quantity; that they had no marks or figns for either 
quantities or operations, excepting only fome few ab¬ 
breviations of the words or names themfclves; and 
that the art was only employed in refolving certain nu¬ 
meral problems. So that either the Africans Jiad not 
carried Algebra beyond quadratic equations, or clfe the 
Europeans had not learned the whole of the art, as it 
was then known to the former. And indeed it is not 
improbable but this might be thccafe: for whether the 
art %ras brought to us by an Eo(flpean, who, travelling ‘ 
in Africa, there learned it; or whether it was brought 
to us by an African ; in either cafe we might receive 
the art only in an iroperfed ftatc, and perhaps far 
ftiort of the degree of perfedion to which it had been 
carried by their belt authors. And this fiifpicion is 
rendered rather probable by the circumftance of an 
Arabic manufeript, faid to be on cubic equations, de- 
pofited in the Library of the univerfity of Leyden by 
the celebrated Warner, bearing a title which in Latin 
figniiies Omar Ben Ibrahim al'Ghajamai Algebra cubicarum 
4 tquationum,fve de problematum folidorum refolulione ; and 
of which book I am in fome hopes of procuring cither 
a copy or a tranflation, by means of my worthy friend 
Dr. Damen, the learned Profcffor of Mathematics in that 
univerfity, and by that means to throw fome light 011 
this doubtful fubjed. 

Since this was written, death has prematurely put an 
end to the ufeful labours of this ingenious and worthy 
fuccefibr of Gravcfande. 

After the publication of the books of Lucas de Bur- 
go, the fcience ofAlgebra became more generally known, 
and improved, especially by many perfons in Italy ; and 
about this time, or foon after, namely about the year 
1505, the firft rule was there found out by Scipio 
Fcrreus, for refolving one cafe of a compound cuoic 
equation. But this fcieuce, as well as other branches of 
K. 2 Mathc* 
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Mathematics, was moft of all cultivated and improved 
thereby Hieronymus Cardan of Bononia, a very learned 
man, whofe arithmetical writings were the next, that 
appeared in print, namely in the year 1539, in 9 books, 
in the Latin language, at Milan, where he pradtifed 
phyfic, and lead public leftures on Mathematics ; and 
in the year 1545 came out a 10th book, containing the 
whole dodtrine of cubic equations, which had been in 
part revealed to him about the time of the publication 
of his fill! 9 books. And as it is only tins 10th book 
which Contains the new difcoverics in Algebra, I (hall 
here confine myfclfto It alone, as it will alfo afford 
fufficient occafioii to fpeak of his manner of treating 
Algebra ip general. This book is divided into 40 chap¬ 
ters, in which the whole fciencc of cubic equations is 
mod amply and ably treated. Chap. 1 treats of the 
nature, number and properties of the roots of equations, 
and particularly of (ingle equations that have double 
roots. He begins with a few remarks on the invention 
and name of the art: calls it Are Magna, or (If;, or 
Hules of Algebra, after Lucas de Burgo and others: 
fays it was invented by Mahomet, the fon of one Mofes 
an Arabian, as is tellified by Leonardos Pifanus ; and 
that he left four rules or cales, which perhaps only in¬ 
cluded quadratic equations: that afterwards three de¬ 
rivatives were added by an unknown author, though 
fome think by Lucas Paciolus ; and after that again 
three other derivatives, for the cube and 6th power, by 
another unknown author ; all which were refolved like 
quadratics: that then Scipio Fcrreus, Profeffor of 
Mathematics at liononia, about 1505, found out the 
rule for the cafe cubum & rerum numero equalium , or, as 
we now write it, a' 1 4- bx = which he (peaks of as a 
thing admirable: that the fame thing was next after¬ 
wards found out, in 1535, by Tartalea, who revealed 
it to him, Cardan, after the mod earned intreaties: 
.that, finally, by hjrofelf and his quondam pupil 
Lewis Ferrari, the '^jpn arc greatly augmented and 
extended, namely, by all that is not here exprcfsly 
aferibed to others ; and that all the demondrations 
of the rules are his own, except only three adopted 
from Mahomet for the quadratics, and two of Ferrari 
for cubics. 

He then delivers fome remarks, flicwing that all 
fquare numbers have two roots, the one pofitive, and 
the other negative, or, as he calls them, vera (A fibUt, 
true and fiftitious or i'alfe ; fo the xjl'matin rd, or root, 
of 9, in either 3 or — 3 ; of 16 it is 4 or — 4 ; the 4th 
root of 81 is 3 or — 3 ; and fo on for all even el.avni- 
nnlions or powers. And the fame is remarked on coin- 
pound cafes of even powers that arc added together ; 
as if at 4 4- 3** = 28, then the aeftimatio x is — 2 or — 2 j 
but that the form ** -f- 12 = 7.1* has four anfwcrs or 
roots, in real numbers, two plus and two minus, viz. 2 or 
— 2, and — a/ 3 • while the cafe a 4 + 12 s= 6.t* 

has no real roots; and the cafe x* — 2.r* + 8 has two, 
namely 2 and — 2 : and in like manner for other even 
powers. So that he includes both the pofitive and negative 
roots; but rejedts what ive now call imaginary ones. I 
here exprefs the cafes in our modern notation, for brevity 
fake, as he commonly expreflis the terms by words at 
full length, calling the abiolufe or known term the nu¬ 
mero, the 1 ft power the res, the 2d the quudratum, the 
3d the cubum, and fo on, uiing no mark for the unknown 


quantity, and only the initials p and i» for plus and 
minus, and R for radix or root. Them he fometimes 
rails pqfitio , and quantitas ignata ; and in dating or 
fetting down his equations, he, as well as Lucas de 
Burgo before him, fets down the terms on that fide 
where they will be plus, and not minus. 

Ou the other hand, be remarks that the odd denomi¬ 
nations, or powers, have only one seftimatio, or root, 
and that true or pofitive, but none fictitious or nega¬ 
tive, and for this rcafon, that no negative numberiniftd 
to an odd power, will give a pofitive number; fo of 
zjc — 16, the mot is 8 only; and if 2.V 3 =s 16, the root 
is 2 only: and if there be ever fo many odd denomi¬ 
nations, added together, equal to a number, there will 
be only one icilimatio or root; as if A 3 + 6 .v — 2.3, 
the only root is 2. But that when the ligns of Come 
of the terms are different as to plus and minus, they 
may have more roots ; and he (hews certain relations of 
the co-elftrients, when they have two or mine roots: 
fo the equation ,v 3 + 16 = I2.r has two -.ellimatios, 
the one true or 2, and the other fiAitious or — 4, which 
he obftrves is the fame as the true a llimatio ot tin' cafe 
a- 1 — i'2x -f- 16, having only the (ign of the absolute 
number changed from the former, the 3d root 2 being 
the fame as the (lift, which therefore he does nut I’omit. 
He next (hews what are the relations of the co-eilicieuts 
when a cubic equation has three roots, of which two are 
true, and the 3d fictitious, which is always equal to the 
fum of the other two, and alio equal to the true root of 
the fame equation with the iign of the ablolute number 
changed: thus, iu the equation a 3 +922 i2a - , the 
two true roots are 3 and } — t J, and the fictitious 
one is — — i, , which lall is the lame as the true 

root of a 3 ~ tea- 4- y, viz. f ; and he here 

infers generally that the fictitious xllimatio of the 
cafe - - - - - - ,v 3 4 - < lx, 

always anfwcrs to the true root of a 3 lx + r. 

Cardan alio (hews what the relation of the co-efficients 
is, when the cafe has no true roots, but only one fictitious 
root, which is the fame as the ttue root of the reciprocal 
rate, formed by changing the fign of the ablolute num¬ 
ber. Thus, the calc jc* + 21 = 2.x has no true root, 
and only one falfe root, viz. — 3, which is the fame as 
the true root of a- j = 2.e4- 2 1 : and lie (hews in general, 
that changing the fign of tiie ablolute number in fueh 
cafes as want the 2d term, or changing the ligns of the 
even terms when it is not waul in/, changes the ligns 
of ail the three roots, which he alio illuftrates by many 
examples ; thus, the roots of a 3 4- it.v* 2= 72, arc 
-f- A/40 — 4, and — 3, and — ^Afo — 4; and the 
roots of x 3 4 72 =. it a*, aie — v / 4° + 4» and + 3, 
and 4- 4-4. 

And he furtherobferves, that the fum of the three 
roots, or the difference between the true and fictitious 
root.., is equal to it, the co-efficient of the 2d term. 
He alfo (hews how certain cubic cafes have one, or two, 
or three roots, according to ciicumttanccs: that, the 
cafe a- 4 -f- // — b.\* has fometimes four roots, and fome¬ 
times none at all, that is, no real ones: that the cafe 
a 3 + Lx — ax' 4 - c may have three true xquatios, or 
pofitive roots, but no fictitious or negative onesj and 
for this rcafon, that the odd powers of minus ncing 
minus, and the even powers plus, the tw’o terms .1 3 4-far 
would be negative, and equal to a pofitive fuxu ax' + r, 

which 
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which it abfurd ; and farther, that th« cafe ** + a* % 
+ hx~c has three roots, one pins and two minus, 
which are the fame, with the figns changed, as the 
roots of the cafe ** + fa -*- c ss ax*. He alfo (hews 
the relation of the coefficients when the equation has 
only one real root, in a variety of cafes : but that the 
cafe a 3 + c ss ax* + ix has always one negative root, 
and either two pofitive roots, or none at all; the num¬ 
ber of roots failing by pairs, or the itnpoflible roots, as 
we now call them, being always in pairs. Of ail thefe 
circumftances Cardan gives a great many particular 
examples in numeral co-efficients, and ltibjoins geo¬ 
metrical demon ft rations of the properties here enume¬ 
rated ; fuch as, that the two eorrefponding or reciprocal 
, cafes have the fame root or roots, but with different 
figns or affedlions j and how many true or pofitive roots 
eaclt cafe has. 

Upon the whole, it appears from this (hort chapter, 
that Cardan had difeovered molt of the principal proper¬ 
ties of the roots of equations, and could point out the 
number and nature of the roots, partly from the figns 
of the terms, and partly from the magnitude and re¬ 
lations of the co-eflicients. He fhews in effeft, that 
when the cafe has all its roots, or when none arc im- 
poflible, the number of its politive roots is the fame as 
the number of changes in the figns of the terms, when 
they are all brought to one fide : that the co-efficient of 
the 2d term is equal to the fum of all the roots pofitive 
and negative collcfted together, and confeqncntly that 
when the 2d term is wanting, the pofitive roots are 
equal to the negative ones: and that the figns of all the 
roots are changed, by changing only the figns of the 
even terms: with many other remarks concerning the 
nature of equations. 

In chap. 2, Cardan enumerates all the cafes of com¬ 
pound equations of the 2d and 3d order, namely, 3 
quadratics, and 19 rubies ; with 44 derivatives of thefe 
two, that is, of the fame kind, with higher denomina¬ 
tions. 

In chap. 3 arc treated the roots of fimplc cafes, or 
fimple equations, or at lcaft that will reduce to fucli, 
having only two terms, the one equal to the other. 
He direfts to deprefs the denominations equally, as 
much as they will, according to the height of the leaft; 
then divide by the number or co-efficient of the great eft; 
and laftly extract the root on both fides. So if 20.V 3 
rr 180.1*, then 20 = i8o.\*, and £ = a*, and .v = }. 

Chap. 4 treats of both general and particular roots, 
and contains various definitions and obfervations con¬ 
cerning them. It is here fhewn that the feveral cafes 
of quadratics and cubics have their roots of the follow¬ 
ing forms or kinds, namely that the cafe 
.v* = ax + b has its root of this kind ^19 -f 3, 
a* + ax — h has its root of this kind \Z'9 “* 3» 

** + b = ax has two roots like 3 + \/i and 3 — ^/z, 
a' 5 = ix -J- c has its root of this kind i/ 4 + 4 / 2 . 
sc 3 + lx — c lias its root of this kind ij/4 — ^/2, 
a 3 + e has this kind of root i/ib+2 4 ^4 . 

a 3 + ax* = c has this kind of root ^/i6 — 2 + V+ 
whei e the three parts i/it), 2, i/4, arc in continual 
proportion. 

Chap. 5 treats of the seftimatio of the loweft degiee 
of compound cafes, that is, affefted quadratic equations; 
giving the rule for each of the three cafes, which coa- 


fifts in completing the fquare, ftc, as at prefent, anil 
which it feems was the method given by the Arabians ; 
and proving them by geometrical demonftrations from 
Eucl. I. 43, and II. 4 and 5, in which he make* 
fome improvement of the demonftrations. of Mahomet. 
And hence it appears that the work of this Arabian 
author was in being, and well known in Cardan’s time. 

Chap. 6, on the methods of finding new rules, contains 
fome curious fpeculations concerning the fquares and 
cubes of binomial and refidual quantities, and the pro¬ 
portions of the terms of which they confift, fhewn from 
geometrical demonftrations, with many curious remarks 
and properties, forming a foundation of principles for 
inveftigating the rules for cubic equations. 

Chap. 7 is on the traufmutation of equations, (hew¬ 
ing how to change them from one form to another, by 
taking away certain terms out of them ; as a 3 + ax* 
= r, to y 3 = by + d, &c. The rules are demonftrated 
geometrically ; and a table is added, of the forms into 
which any given cafes will reduce ; which transforma¬ 
tions aie extended to equations of the 4th and 5th 
order. And hence it appears that Cardan knew how 
to take away any term out of an equation. 

Ciiap. 8 (hews generally how to find tfie root of any 
fuch equation as this ax m **= a® + l>, where tn and « 
are any exponents whatever, but n the greater; and the 
rule is, to feparatc or divide the co-efficient a into two. 
fuch parts z and a — *, as that the abfolute number i 

_ «W 

(hall b~ equal to a — k • z“~ m , the produft of the 

one part a — z, and the —power of the other 
n m 

i 

part: then the root .* is ~ js" *■ “. The rule is general 
for quadratics, cubics, and all the higher powers; and 
could not have been formed without the knowledge of 
the compofition of the terms %om the roots of tlicT 
equation. 

Chap. 9 and to contain the refolution of various- 
quell ions producing equations not higher than qua¬ 
dratics. 

Chap. 11 is of the cafe or form a 3 + 3far — ic. 
Cardan now comes to the adiual refolution of the firft 
cafe of cubic equations. He begins with relating a 
fhort hiftory of the invention of it, obferving that it was 
firft found out, about 30 years before, by Scipio Fcr- 
reus of Bononia, and by him taught to Antonio Maria 
Hondo of Venice, who having a contefl afterwards 
with Nicolas Tartalea of Drefcia, it gave occafion to 
Tartalea to find it out himfelf, who after great entreaties 
taught it to Cardan, but fupprefled the demonftration. 
By help of the rule alone, however, Cardan of himfelf 
difeovered the fource or geometrical inveftigation, which 
he gives here at large, from Kucl. II. 4. In this pro- 
cefs he makes life of the Greek letters x, €, y, > , Sic, to 
denote certain indefinite numbers or quantities, to ren¬ 
der the inveftigation general; which may be confidered 
as the firft inftanct of fuch literal notation in Algebra. 
He then gives the rule in words at length, which comes 
to this, 

• v = V a/7*+T* + e - \/ v'-" 3 ’ —~c ; 

illuftrating it in a variety of examples 5 in the refolution' 

of 
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of which, lie extracts the cubic roots of fuch of the 
binomials as will admit of it, by fome rule which he 
had for that purpofc; fuch as + 6 x — so, which 

X = + to — i/'jioi — 10— — 1=2 

~ s/3 + *• 

Chap. 12, of the cafe ».■* =. $bx -4- a e. This he 
treats exactly as the laft, and finds the rule 


0 3 ; 


X — j / < ” + " V /fil ■“ + \/ e ~ */ c% 

which he illuftr ites by many examples, as ufual. But 
when I 3 exceeds <:*,» which has fince been called the 
irreducible cafe, he refers to another following book, 
called A/iaa, for other rules of folution, to overcome 
this difficulty, about which he took infinite pains. 

Chap. 13, of the cafe x* + zc ~ 3 bx. This cafe, by 
a geometrical procefs, he reduces to the cafe in the 
lati chapter: thus, find the xllimatio y of the cafe 
j 3 — 3 by + 2 c, having the fame co-efficicnts as the given 
eafe .v* + zt ss $lx ; then is x == i y ± \ K /1 z b — 3 y*, 

S aving two roots. He (hews alfo how to find the 
econd root, when the firft is known, independent of 
the foregoing cafe. From this 1 elation of thefe two 
cafes he deduces fcveral corollaries, one of which is, 
that the xllimatio or root of the cafcy* ~ 3 by -f- zc, is 
equal to the fum of the roots of the cafe x 3 zc — ^bx. 
As in the example y 3 — 16y + 21, whofe xllimatio is 
^/g+ l [, which is equal to the fum of 3 and v^9i 
— tj, the two roots of the cafe **+21 = 1 Ox. 

In chapters 14, 15, and 16, he treats of the three 
cafes which contain the 2d and 3d powers, but wanting 
the lirft power, according to all the varieties of the 
figns; which he performs by exterminating the ad 
term, or that which contains the ad power of the un¬ 
known quantity x, by fubftituting y ± j the co-efficient 
•f that term for x, and fo reducing thefe cafes to one 
•of the former. In thefe chapters Cardan fometimes 
aMo gives other rules ; thus, for the cafe a j + 3a* 1 — zc, 
find firft the xllimatio y of the cafe y 3 — 3 ay 4. ^/zc, 
then is x s=y*~3fl : alfo for the cafe *■* -f- 2r ~ 3 ax' 1 , 
firft find the two roots of y 3 + zc = 3 ayl/ zc, then is 

|/ 4 f* 

x — —-— the two values of x according to the two 

values of y. He here alfo gives anothet rule, by which 
a fecond xftimatio or root is found, when the firft is 
known, namely, if t be the firft eftimatio or value of x 
an the cafe -f- 2r = 3 ax', then is the other value of 


* = i V 3 a - * • l a + 3 f + i • 3 a ~ *• 

In chapters 17, 18, 19, 20, 21, 22, 23, Cardan 
treats of the cafes in which all the four terms of the 
equation are prefent; and this he always cffcdls by 
taking away the 2d term out of the equation, and fo 
reducing it to one of the foregoing cafes which want 
that term, giving always geometrical invclligacions, and 
adding a great many examples of every cafe of the 
equations. 

Chap. 24, of the 44 derivative cafes ; which are only 
higt er powers of the forms of quadratics and cubics. 

Chap. 3 J, of imperfeil and fpecial cafes; containing 
many particular examples when the co-efficients have 
certain relations amongft them, with cafy rules for 


finding the roots 1 alfo 8 other rules for the irreducible 
cafe x 3 sb bx + c. 

' Chap. 26, in like manner, contains eafy rules for bi¬ 
quadratics, when the co-efficients have certain fpccial 
relations. 

Then the following chapters, from chap. 27 to chap. 
38, contain a great number of qucilions and applica¬ 
tions of various kinds, the titles of which are thefe: 
De travfuu capituli fpeeialit in capitulum fpeciale ; De 
operationibus radicum proniearum feu mixtarum tj f slllel- 
larum { De regula modi ; De regula Aurca ; De regula 
Magna, or the method of finding out folutions to cer¬ 
tain qucilions ; De regula ecqualis pofttiumt, being a 
method of fubftituting for the half fum and half dif¬ 
ference of two quantities, inftcad of the quantities 
tltemfelves ; De regula inxqualiter ponendi, feu pmpur- 
tionis } De regula medii ; De regula aggregate ; De regula 
libera pofitionii ; De regula fal/um penendi, in which 
fome quantities come out negative ; Sguomodo exc'ulant 
partes hf denominationes muhiplteando. Among the love- 
going collection of qucilions, which arc chiefly about 
numbers, there arc fome geometi ical ones, being the ap¬ 
plication of Algebra to Geometry, fuch as, In a right- 
angled triangle, given the fum of each leg and the ad¬ 
jacent fegment of the hypotenufe, made by a perpendi¬ 
cular from the right angle, to determine the area See ; with 
other fuch geometrical queltions, rcfolved algebraically. 

Chap. 39, Dc regula qua pluribus pqfitionibut invertimus 
ignotam quantitatem ; which is employed ou biquadratic 
equations. After fome examples of his own, Cardan 
gives a rule of Lewis Ferrari’s, for revolving all biqua¬ 
dratics, namely by means of a cubic equation, which 
Ferrari inveftigated at his requeil, and which Cardan 
here demonftrates, and applies in all its cafes. The 
method is very general, and confifts in forming three 
fquares, thus : firft, complete one fide of the equation up 
to a fquare, by adding or fubtra&ing fome multiples or 
parts of fome of its own terms on both fidcs, which it 
is always eafy to do: 2d, fuppoliug now the three terms 
of this fquare to be but one quantity, viz, the firft 
term of another fquare to which this fame fide is to 
be completed, by annexing the fquare of a new and 
affiimcd indeterminate quantity, with double the pro¬ 
duct of the roots of both ; which evidently foims 
the fquare of a binomial, cunfilling of the aflitmed 
indeterminate quantity and the runt of the fu ll fquare ; 
3d, the other fide of the equation is then made 
to become the fquare of a binomial alfo, by fuppofing 
the produil of its id and 3d terms to be equal to the 
fquare of half its 2d term ; for it confifU of only three 
terms, or three different denominations of the original 
unknown quantity : then this equality will determine 
the value of the affumH indeterminate quantity, by 
means of a cubic equation, and from it, that of the 
original ignota, by the equal roots of the 2d and 3d 
fquares. Here we have a notable example of the ufc 
of affuming a new indeterminate quantity to introduce 
into an equation, long before Des Cartes was born, who 
made ufc of a like affumption for a fitnilar purpofc. 
And this method is very general, and is here applied to 
all forms of biquadratics, either having all their terms, 
or wanting fome of them. To illuftrate this rule I (hall 
here fet down the procefs of one of his examples, 
which is this, x* + 4* 4- 8 sc iox*. Now firft fob- 
5 trail 
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tnA tx* + 4# + 7 from both fide*, then the firft be¬ 
come* a fquare, viz, x 4 — 2** + i or** - i' = 8** 

— 4* — 7. Next affume the indeterminate y, and 
fubtraft ty (a* — 1) — y* from both fide*, making 

the firft fide again a fquare, viz, “i* — • * — 1 

+ y* or at* — 1 — y* ss 8 <— ay . a* — 4* + y* -f 2y 

— 7. Of this latter fide, make the product of the lit 
and 3d terms equal to the fquare of half the 2d term, 

that is, 8 — zy . y* + 2y — 7 = 2which reduce* to 
yJ 4. 30 = 2y* + I ;y s the pofitive roots of which are 
'y sx 2 or y^tS i and hence, ufing 2 for y, the equation 

of equal fquare* becomes a 1 — 1 - / or a* — 3* 
= 4A 1 — 4* -f- 1, the roots of which give a* — 3 = 
Sx o> I ; and hence x* — 2 a- + a, or a* + 2X = 4; the 
two pofitive roots of which are 1/3+1 and — 1, 
which are two of the values of x in the given equation 
.v 4 + 4* + 8 — 1 ©a 1 . The other roots he leaves to be 
tried by the reader. 

The 40th, or laft, chap, is entitled. Of modes of 
general fuppofition relating to this art; with fome 
rules of an unufual kind ; and acftjmatioe or roots of a 
nature different from the foregoing ones. Some of 
thefe are as follow: If x 3 = ax* + c, and x—a = y, and 
a- : y :: c : </; then is y 3 + ay 2 = d. 

Secondly, if x 3 + ax* = r, 
andy 3 = ay* + e , 
then is x + a : y — a : : y* : x*. 

Thirdly, when x 3 + c = ax*, the fquare will be 
taken away, by putting x 2= y + fa ; and then the 
equation becomes y 3 + c — 2( jo) 3 = fa*y. 

Cardan adds fome other remarks concerning the 
folutions of certain cafes and queflions, all evincing the 
accuracy of his /kill, and the extent of liis practice ; 
and then he concludes the book with a remark con¬ 
cerning a certain transformation of equations, which 
quite allonifhes us to find that the fame perfon who, 
through tlic whole work, has (hewn fuch a profound 
and critical (kill in the nature of equations, and the fo- 
lution of problems, (hould yet be ignorant of one of the 
inoft obvious trnnfmutations attending them, namely 
incrcafing or dimiiiifliing the roots in any proportion. 
Cardan having obferved that the form a 3 == lx + c may 

b 1 

he changed into another fimilar one, viz, y 3 = -y + y- 

e 

of which the co-efficient of the term y is the quotient 
a riling from the co-effieiept of a- divided by the abfolute 
number of the firft equation: and that the abfolute num¬ 
ber of the 2d equation is the root of the quotient of 1 
divided by the fin'd abfolute number of the firft ; he then 
adds, that finding the seftimatio or root of the one 
equation from that of the other is very difficult, valde 
dtfftciltt. 

It is matter of wonder that Cardan, among fo many 
tranftnutations, (hould never think of fubftituting in- 
itead of x in fuch equations, another pofitio or root, 
greater or lefs than the former in any indefinite pro¬ 
portion, that is, multiplied or divided by a given number; 
for this would have led him immediately to the fame 
transformation as he makes above, and that by a way 
which would have (hewn the conftant proportion be¬ 


tween the two root*. Thus, inftead of x in the gives 
form - - - - - x 3 sx bx + c, fubftitute dy, _ 
and it become* - d 3 y* = Idy + e ; and this divided 

by d 3 become* - - y* = ~y + —t and here' if d 

be taken = yV, it become* y 3 = — y + y —} which i* 

c c 

the transformation in queftion, and in which it i* evident 


that x is ss y y c, and y = —• Inftead of thi«, Car¬ 
dan gives the following ftrange way of finding the one 
root x from the other y, when this latter is by any 
means known; viz, Multiply the firft given equation 

by y*x + 1, then add — to both fides, and laftly ex¬ 
tra 61 the roots of both, which can always be done, a* 
they wiU always be both of them fquares; and the 
roots will give the value of a by a quadratic equation* 
Thus, * 3 =. bx + c multiplied by y*x + I give* 

» .. ■ .... - ^ 

y* a 4 + x 3 — 6 y*x* + ry* + i • a + c; add ——, then 

4 J!* 

v*a 4 +a 3 -1 - -ssly *-\—r • **+ i+ry* • x+e ; and 

*11* A 11* 


x X 

theroots areyx*+—= •/{by* +—)**+(£+ cy*)x +r ; 

and this 2d fide of the equation he fays will always have 
a root alio. It is indeed true that it will have an exafi: 
rout; but the reafon of it is not obvious, which is, be- 

i 1 

caufe y is the root of the equation y 3 — —y + y —• 

c e . 

Cardan has not (hewn the reafon why this happens; 
but I apprehend he made it out in this manner, viz, 
fimilar to the way in which he forms the laft fquare in 
the cafe of biquadratic equations, namely, by making 
the product of the itl and 3d terms equal to the fquare 
of half the 2d term; thus, in the prefent cafe, it is 


j b 

4 t(by* + —-) = {b + ry x )% which reduces toy 3 = -y 

+ y — the equation in queftion. Therefore taking y 
the root of the equation y 3 = —y + y and fuh- 


ftituting its value in the quantity {by- + 




ty*) * + r, this will become a complete fquare. 


Of Cardan’s Libellus dt Alixa Rtgula . 

Subjoined to the above Treatife on cubic equations, 
is this Lihtllus dt Alim rtgula, or the algebraic logiftics* 
in which the author treats of fome of the abllrufer 
parts of Arithmetic and Algebra, efpecially cubic equa¬ 
tions, with many more attempts on the irreducible cafe 
x 3 sx bx + (, This book is divided into 60 chapters * 
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but I fliall only fet down the titles of fome few of them, 
whofc contents require more particular notice. 

Chap. 4, De ntodo redigendi quantitates mines, qua di¬ 
et/it! ur latera prima ex decimo F.udidis in compendium. He 
treats here of all Euclid's irrational lines, as furd num¬ 
bers, and performs various opeiatious with them. 

Chap. ;. l)e confideratio/.e b'nwmiorum & rccifirum , 
tsfc ; till dc rjlimatione caplluhrttm. Contains various 
operations of multiplying compound numbers and finds. 

Chap. ft. l)r operationibus p: iff m: (i. e. + and — ) 
Jeeundam commnnetn vj'um. Here it is fhewn that, in multi¬ 
plication and divifion,p//« always gives the fame figns,and 
minus gives the contrary fignR. So alfo in addition, every 
quantity retains its own fign; but in fubtraftion they 
change the figns. That the •/ or the fquare root of 
phis, is + ; but the */ —, or tlie fquare root of minus, is 
nothing as to common nfe : (but of this below.) That 
—; as J — i is —2. That a refidual, eompofedof 
4- and — may have a root alio compofed of + and —: So 

tj t, — y^-4 * s — v'J — •Si. The rules for the figns ill 
multiplication and divifion are ill unrated by this exnm- 
tple; to divide S by 2 + 6 or \/6 + 2. Take the 

twocorrcfpondingrefiduals 2 — S 6 and •/£> — 2, and 
by thefe multiply both the divifor and. divideud } then 
the products are + and — refpeftively, aud the quo- 
tients ilill both alike. Thus, 


t)ivid. Divif. Divid. Divif. 

8 ^/6 + 2 8 2 + v/6 

•Sb — 2 1/(1 — 2 2 — Jft a — t /6 

-v/384—16 divide + 4 16—^384 divl — 2 

Quot. 4/96—8. Quot. 4/96 — 8. 

And this method of performing divifion of compound 
furds, was fully taught before him, by Lucas dc Burgo, 
namely, reducing the compound divifor to a limple 
quantity, by multiplying by the correfponding quan¬ 
tity, having the fign changed. 

In chap. 11 and 18, and clfcwhere, Cardan makes a 
general, notation of a, t, c, d, e, f, for any indefinite 
quantities, and treats of them in a general way. 

Cap. 2. De contemplattune p: is? m: (or 4- and — ), 
(S? quod m: in m: facit pIs? de caujis horum. juxta 
veritdtem. Cardan here demonllrates geometrically 
that, in multiplication and divifion, like figns give plus, 
and unlike figns give minus. And he llluftrates this 
numerically, by fquaring the quantity 8, or 0 4- 2, or to 
—2, which mull bII produce the fame thing, namely 64. 

Among many of the chapters which treat of the ir- 
rcducible cafe. a - , =i.v 4 -c, there is a peculiar kind of 
iray given in chap. 31, which is entitled De /rjlimatione 
genera/i x*-lx-]-c Jolidet vocala, is? operationibus tjus ; in 
which he fiiews how to approximate to the root of that 
cafe, in a manner iimilar to approximating the fquare 
root and cube root of a number. The rule he ufes for 
thi; purpofe, is the 3d in chap. 2 5 of the la ft book, and it 
is this: Divide b into two parts, fuch that the fum of 
the produce of each, multiplied by the fquare of the 
other, may be equal to \c; then the fum of the roots of 
thefe parts is the xftimatio or value 
of x required. So, of this equation 
*•*= iO;r 4 -24; the two parts are 9 
and 1, and their roots 3 and 1, 
ahd their fum 4=3', as in the mar¬ 
gin. 


9 1 

X 

3 1 

34-9ori2=r'c. 

**■=34-1=4 


Again, take a s = 6 a* 4 - i. Here he invents a new nota- 
tion to txprefs the root or radix, which he calls /alula , 
viz, x~ folida 6 in -J, that is, the roots of the two 
parts of 6, fo that each part multiplied by the root of 
the other, the two products may be £ or £r. Then to 
free this from fra&ions, aud make the operation ealier, 
multiply that root by fomc number as fuppofe 4, that is 
the fquare part 6 by the fquare of 4, and the folid part 
by the cube of4 j then x—^jJ Jolida 96 in 32. Now, by 
a few trials, it is found that the parts arc 
nearly y$£ and ^ which give too much, 
or 95 ^ and Vo* which give too little, 
and thereof 93 J J and Va arc ftill nearer. Divide both 
hv 4 2 or 1 6, then 5 1 ’ i and , are the quot. And the 
fum of their roots, or xsx \ -5 £ 4* v", - i is nearly 
the value of the root .v. 

Cap. 42. Dr duplici aquatione contparaudit in eapitule 
eubi is? utinicn aqua Hum rebus. Treats of the two po- 
fitive roots of that cafe, neglecting the negative one; 
and fliewing, not only that that cafe lias two Inch roots, 
but that tlie fame number may be the common root of 
innumerable equations. 

Cap. yj. DetraHatione crjlimatioms genrralis rapitu/i x 1 
— lx 4 - ( . Cardan here again refumes the coiiiidcra- 
tion of the irreducible cafe, making ingenious obfrr- 
vations upon it, hut ftill without obtaining the root by 
a general rule. In this place alfo, as well as elfcwhcrc, 
he Ihews how to form an equation in this cafe, that 
(hall have a given binomial root, as fuppofe K f‘ n + "* 
where the equation will be .v 3 =■ (m 4- 3 n')x 4- 
2 n(m — »*J,having ^/m 4- n for one root, mjmely the 
pofitive root. From which it appears that he was well 
acquainted with the compoiitiou of cubic equations from 
given roots. 

Cap. 39. De or dine (s? exanplis in binomiis Jecundo 
is? quint0. Contains a great many numeral forms of 
the fame irreducible cafe x 3 ~ lx 4. c, with their roots; 
from which arc derived thefe following cafes, with many 
curious remarks. When 

* 3 = ( c 4- l) * + c, then x — r 4- i + I 
a 3 = (ie + 4 ) * + <■» then x = i /i c + $ + 1 
* 5 — + 9) x + f » then x — */£ 4- J 4- I 

or* — (*e 4 -i 6 ) x 4 * c, then x — c 4 - 4 - t 


Cap. fio. Demonjlratia genera lis capituli cult a qua Us rebut 
is? uumero. This demonflration of the irreducible cafe 
is geometrical, like all the reft. Some more ingenious 
remarks are again added, as if he reluctantly finilhed 
the book without perfectly overcoming the difficulty 
of the irreducible cafe. Cardan here alfo ufes the letters 
a and b for any two indefinite numbers, in order to 
(hew the form and manner of the arithmetical opera¬ 
tions : thus -y- is the fra&ion for their quotient, alfo 
b 

v4 w -~r the fquare root of that quotient, and 
b */ b 


1 1 & 

the cube root of it, &c. 

0 4 /b 


Having 
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Having confidered the chief content) of Cardan’* al¬ 
gebra, it will now be proper to fum them up, and fet 
down a lilt of the improvements made by him, as col* 
levied from his writings : 

And 1 (t, Tartalea having only communicated to him 
the rules for refolving thtfc three cafes of cubic equa¬ 
tions, viz, 

** 4 - bx =: c, he from thence raifed a very large and 

a s = bx + r, complete work, laying down rules for all 

+ c ~ bx, j forms and varieties of cubic equations, 
having all their terms, or wanting any of them, and hav¬ 
ing all pofliblc varieties of figns ; demonll rating all thefe 
rules geometrically ; and treating very fully of almoft all 
forts of transformations of equations, in a manner here¬ 
tofore unknown. 

2nd, It appears that lie was well acquainted with all 
the roots of equations that are real, both pofitive and 
negative ; or, as he calls them, true and fictitious} 
and that he made ufe of them both occafionally. He 
alto (hewed, that the even roots of pofitive quantities, are 
either pofitive or negative; that the odd roots of negative 
quantities, are real and negative; but that the even roots 
of them are impoffihle, or nothing as to common ufe. 
H e was alfo acquainted with, 

3d, The number and nature of the roots of an equa¬ 
tion, and that partly from the figns of the terms, and 
partly from tlie magnitude and relation of the coeffi¬ 
cients. He alfo knew, 

4 th, That the number of pofitive roots is equal to the 
number of changes of the figns of the terms. 

5th, That the coefficient of the fecond term of the 
equation, is the difference between the pofitive and ne¬ 
gative roots. 

6th, That when the fecond term is wanting, the fum 
of the negative roots is equal to the fum of the pofitive 
roots. 

7th, How to compofe equations that fhall have .given 
roots. 

8th, That, changing the figns of the even terms, 
changes the figns of all the roots. 

9th, That the number of roots failed in pairs ; or 
what we now call impofiible roots were always in pairs. 

10th, To change the equation from one form to ano¬ 
ther, by taking away any term out of it. 

itth, To increafe or diminifh the roots by a given 
quantity. It appeals alfo, 

1 :th. That he had a rule for extracting the cube 
loot of fuch binomials as admit of extraction. 

13th .That he often ufed the literal notation a,b,c, d, See. 
14th, That he gave a rule for biquadratic equations, 
fluting all their cafes; and that, in the invelligation 
of that rule, he made ufe of an aflumed indeterminate 
quantity, and afterwards found its value by the arbitrary 
affumption of a relation between the terms. 

15th, That he applied Algebra to the refolutiou of 
geometrical problems. And 

16th, That lie was well acquainted with the difficulty 
of what is called the irreducible cafe, viz, x* = bx+c, 
upon which he Ijpent a great deal of time, in attempting 
to overcome it. And though he did not fully fucceed 
in this cafe, any more than other perfons have done 
fince, he neverthclefs made many ingenious obferva- 
tions about it, laying down rules for many particular 
Vou I. 


forms of It, and (hewing how to approximate very 
nearly to th? root in all cafes whatever. 

or TARTALEA. 

Nicholas Tartalea, or Tartaglia, of Brefcia, was 
contemporary with Cardan, and war. probably older 
than he was, but I do not know of any book of Al¬ 
gebra publifiied by him till the year 1546, the year after 
the date of Cardan’s work on Cubic Equations, when 
he printed his SZjstfiti £lnvenlioni diverfe, at Venioe, 
where he refided as a public le&urcr on mathematics* 
This work is dedicated to our king Henry the Vlllth 
of England, and confifts of 9 books, containing anfwets 
to various queftions which had been propofed to him 
at different times, concerning mechanics, ftatics, hy¬ 
dro ft a! ics, &c. ; but it is only the 9th, or laft, that 
we (hall have occafion to take notice of in this place, aa 
it contains all thofe queftions which relate to arithmetic 
and algebra. TJicfe are all fet down in chronological 
order, forming a pretty collection of queft ions and fohi- 
tions on thole fuhjeCls, with a ihort account of the occi- 
fion of each of them. Among thefe, the correfpondence 
between him and Cardan forms a remarkable part, as 
we have here the hiftory of the invention of the rides 
for cubic equations, which he communicated to Cardan, 
under the promife, and indeed oath, to keep them fecret, 
on the 15th of March 1 £39. But, notwitliftanding hit 
oath, finding that Cardan publiihed them in 1545, as 
above related, it feems Tartalea publiihed the corre¬ 
fpondence between them in revenge (or his breach of 
faith; and it elfewhere appears, that many other (harp 
bickerings pafied between them 6n the fame account, 
which only ended with the death of Tartalea, In the 
year 1557* It feems it was a common pra&ice among 
the mathematicians, and others, of that tim'c, to fend 
to each other nice and difficult queftions, as trials of 
drill, and to this caufe it is that we owe the principal 
queftions and difcoverie6 in this colledion, as well as 
many of the bell difcoverics of other authors. The 
colleftion now before us contains queftions and folu- 
tions, with their dates, in a regular order, from the 

i rcar 1521, and ending in 1541, in 42 dialogues, the 
aft of which is with an Englilh gentleman, namely, 
Mr. Richard Wentworth, who it feems was no mean 
mathematician, and who learned fome algebra, &c, of 
Tartalea, while he refided at Venice. The queftions 
at firft are moftly very eafy ones in arithmetic, but 
gradually become more difficult, and excrcifing Ample 
and quadratic equations, with complex calculations of 
radical quantities: all (hewing that he was well (killed 
in the art of Algebra as it then ftood, and that he 
was very Ingenious in applying it to the folutions of 
queftions. Tartalea made no alteration in the nota¬ 
tion or forms of expreifion ufed by Lucas de Burgo, 
calling the firft power of the unknown quantity, in his 
language, co/a, the fecond power ccnfa, the third cube. 
Sec, and writing ‘.he names of all the operations in words 
at length, without ufing any contractions, except the 
initial ft for root or radicality. So that the only thing 
remarkable in this collection, is the difeovery of the rules 
for cubic equations, with the curious circumftances At¬ 
tending the fame. 

L The 
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The fit'll two of theft* were difeovered hy Tartalea by letter to Tsfrtalca; which however procured from 
in the year 1530, namely for the two cafes a* + ax* ~ c, him only the folution of fome other queftions propofed 
and a- 3 = «** + e, as appears by Quell. 14 and 25 of by Cardan, with a few of the queftions that had been 
this colle&ion, on dccannn of a-qudtiou then propofed propofed to Florido, but none of their filiations. Find- 
to him'by one Zuanni de Tonini da Coi or Colie, ing he could not thus prevail, with all his fair promifes, 
John Hill, who kept a fchool at Brefcia. And from Cardan then fell upon another fcheine. 'I’hcre was at 
the 25th letter we learn, that he difeovered the rules Milan a certain Marquis dal Vallo, a great patron of 
for the other twocafes x 3 + bx — c, and x 3 — hx+ c, Cardan, and, it was faid, of learned men in general, 
on the 12th and 13th of February 153?, at Venice, Cardan conceived the idea of making ufe of the influence 
where he had come to refide the year before. And of this .nobleman to draw Tartalea to Milan, hoping 
•the occafion of it was this: There was then at Venice that then, by perfonal intreaties, he fliouhl fucceed in 
one Antonio Maria Fiore or Florido, who, by his own drawing the long concealed rules from him. Accord* 
account, had received from his preceptor Scipio Farreo, ingly he wrote a fccond letter to Tartalea, much in the 
. about thirty years before, a general rule for refolvitig the fame drain with the former, ftrongly inviting him to 
cafe .r 3 -|r Being a captious man, and prefuming cotpe and fpend a few days in his houfe nt Milan, and 

on this difcovery, Florido ufed to brave his contempo- reprefenting that, having often commended him in the 
raries, and by his infults provoked Tartalea to enter into higheft terms to the marquis, this nobleman defired 
a wager with him, that each fliould propofe to the much to fee him; for which reafon Cardan advifed 
other thirty different queftions; and that he whofoondt him, as a friend, to come to vifit them at Milan, as it 
refolved thofe of his adverfary, (hould win from him might he greatly to his intereft, the marquis being very 
, as many treats for himfelf and friends. Thcfe qudlioas liberal and bountiful; and he bolides gave Tartalea to 
were to be propofed on a certain day at fome weeks underhand, that it might be dangerous to offend fueh a 
diftance; ’nd Tattalea made fuclv good ufe of his time, man hy refuting to come, who might, in that cafe, take 
that eight days before the time appointed for deliver- offence, ami do him fotne injury. This manoeuvre had 
ing t^ie propofitions, he difeovered the rules both for the defired died : Tartalea on this occafion laments to 
the cafe jr 1 +/.v=s e, and the cafe x 3 = bx-\-c. He there* himfelf in thefe woids, “ By this I am reduced to a 
fore propofed feveral of his queftions fo as to fall either great dilemma ; for if l go not to Milan, the marquis 
on this latter cafe, or on the cafes of the cube and fquare, may t,.ke it ainifs, and fome evil may bef.il me on that 
expc&ing that his adverfary would propofe his in the account; 1 fhall therefore go, although very unwill- 
former. And what he fufpe&cd fell out accordingly ; ingly.” When he arrived at Milan however, the 
the confequencc of which was, that on the day of meet- marquis was gone to Vigeveno, and Tartalea was pre- 
ing Tartalea refolved all his advcrfnry’s queftions in the vailed on to Hay three days with Cardan, in expectation 
fpace of two hours, without receiving one anfvver from of the marquis returning, at the end of which lie fet out 
Florido in tet urn ; to whom, however, Tartalea gene- from Milan, with a letter from Cardan, to go to Vige- 
roufty remitted the forfeit of the thirty treats won of him. veno to that nobleman. While Tartalea was at Milan 

. Quell ion 51 firft brings 11s acquainted with the cor- the three days, Cardan plied him by all poftible means 

fcfpondcnce between Tartalea and Cardan. This cor- to draw from him the rules for the cubic equations ; and 
refpondence is very curiouR, and would well deferve to at length, juft as Tartalea was about to depatt from 

be given at full length in their own words, if it weie Milan, on the : 5th of March 1 539. he was overcome 

not too long for this place. 1 may enlarge farther upon hy the moll fbletmi proteftations of fccrccy that could 
it under the article Cubic Equations ; but mull here he made. Cardan fays, “ 1 Audi fwear to you on the 
be content with a brief ahilradt only. Cardan was then holy evmgelilb;, and by the honour of a gentleman, not 
a refpeCtable phyfician, and lecturer in mathematics at only nv.-er i.opublilh youi inventions, if you reveal them 
Milan; and having nearly finiflied the priutiag of a tome; but [ a! lb promile to you, and pledge my faith 
Jarjre work on Arithmetic, Algebra, and Geometry, and as a une cluiflian, to note them down in cyphers, fo 
having heard of Tartalea’s difcoveiies in cubic cqua- that after my death no other perfon may be able to mi- 
tions, he was very dcliious of drawing thofe rules from derlbmd them.” To this Taitalea replies, “ If I refufe 
him, that he might add them to Ins book before it to give credit to thefe affurances, 1 fliould defervcdly be 
was finiflied. For this purpofe lie full applied to Tar- anoimte l utterly void of belief, liut as I intend to 
taka, by means of a third perfon, a bookfelkr, whom he ride to Vigeveno, to fee his excellency themaiquis, as I 
fent to him, in the beginning of the year 1531;, with have been lu re now thefe three days, and am weary of 
many flattering compliments, and oflers of his fcrviccs waiting fo long; whenever 1 return therefore, 1 pro- 
aud fricndlhip, &c, accompanied with fome critical mife to (hew you the whole.” Cardan anfwers, “ Since 
queftions for him to refolvc, according to the euftom of you determine at any rate to go to Vigeveno, to the mar- 
the times. Tartalea however refilled to difclofc his quis, I fhall give you a letter for his excellency, that 
.rules to any one, as the knowledge of them gained him he may know who you are. But now before you dc- 
great reputation among all people, and gave him a great part, I intreat you to fticw me the rule for the equa- 
advantage over his competitors for fame, who. were tions, as you have promifed.” “ I am content,” lays 
commonly afraid of.him on account of thofe very rules. Tartalea: “ But you mult know, that to be able on all 
He only fent Cardan therefore, at his requeft, a copy occafions to remember fueh operations, I have brought 
of the thirty queftions which had been propofed to him the rule into rhyme; for if 1 had not ufed that precau- 
j n the conteft with Florido. Not to be rebuffed fo ea- lion, 1 fhould often have forgot it; and although my 
Cardan next applied, in the moll urgent manner, . rhymes are not very good, I do not value that, as it is 

fuffkieut 
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fufficient that they fcrve to bting the rule to mindas greater treachery than to break one's faith, aftd to ag« 
often as I repeat them. X (hall here write the rule with grieve thofe who have given us pleafure. And when yov 
my own hand, that you maybe fure X give you the (hall try me, you will find whether I be 'your friend or 
difeovery exadily.*' Thcfe rude verfes contain, in rather not, and whether I (hall make an ungrateful return for 
dark and enigmatical language, the rule for thcfe three your friendship, and the fatisfadlion you have given 
cafes, vir.. ' me.’* 

It was within lefs than two months after this, however* 


x* H- bx = r, "1 which differ however only in the fign of 
bx + c, j one quantity, and the rule amounts to 
* 3 + c — bx, J this : Find two numbers, * and y, fuch 
that their difleience in the fiift cafe, and their fums in 
the 2d and 3d, may be equal tu c the ahfolute number, 
and their produdi equal to the cube of ^ of l the 
coefficient of the lefs power; then the difference of 
their cube roots will be equal to x in the firft cafe, and 
the funi of their cube roots equal to *• in the 2d and 3d 
cafes: that is, taking 2— y=c in the 1 fl cafe, or* + y = c 
in the 2d and 3d, and xysz (Jthen x — \/z — \/y 
in the firll cafe, and x —■ i/x + \/y in the other two. At 
parting, T, fails not again to icmind C. of his obligation: 
“ Now your excellency will remember not to break your 
ptomifed faith, for if unhappily you Should infert thefc 
rules either in the work yon are now printing, or in any 
other, although you fhould even give them under my 
name, and as of my invention, I ptomife and fwear 
that I Shall immediately print another work that will not 
be very plcafing to you.” “ Dotibt not, fays C. but that 
1 Shall obferve what I have promifed : Go, and reit fe- 
cure as to that point: and give this letter of mine to the 
marquis.’* It fhould feem however that T. was much 
difpleaied at having fuffered himfelf to be worried as it 
were out of his rules, for as foon as he quitted Milan, 
inltead of going to wait upon the marquis, lie turned 


that T. received the alarming news of Cardan's (hewing 
fome fymptoms of breaking the faith he had fo lately 
pledged to him ; this was in a letter from a quondam 
pupil of his, in which he writes, “ A friend of mine 
at Milan has written to me, that Dr. Cardano is com* 
pofing another algebraical work, concerning fome lately- 
difeovered rules; hence I imagine they may be thofe 
fame rules which you told me you bad taught him ; fo 
that I fear he will deceive you.” To which T. replies, 
“ I am heartily grieved at the news you inform me of, 
concerning Dr. Cardano of Milan ; for if it be truei 
they can be no other rules but thoS'e l gave him 5 and 
therefore the proverb truly fays, * That which you wifh 
not to be known, tell to nobody.' Pi ay endeavour to 
h-arn more of ibis matter, and inform me of it.’* 
Tartaha, after this, kept on the referve with Cardan, 
not anfwen'ng'fevcral letters he fent him, till one written 
on the 4th of Auguft the fame year, 1539, complain* 
ing greatly of T’s neglef .1 of him, and farthci requesting 
his affillance to clear up the difficulty of the irreducible 
ca r c x s — bx q- c y which C. had thus early been enibar* 
railed with : he fays that when exceeds (Jr)*, the 

mle cannot be applied to the equation in hand, becaufc 
of the fquare root of the negative quantities. On this 
occasion '1'. turns the tables on C. and plays his own 


his hoi fe’s head, and rode Straight home to Venice, fay- game back upon him; for being aware of the above 
ing to himfelf, “ By my faith I fliall not go to Vigcvcno, difficulty, and unable to overcome it himfelf, he wanted 
but Shall return to Venice, come of it what will.” to try if C could be encouraged to accomplish it, by 


After T’s departure it feems C. applied himfelf im¬ 
mediately to refolving fome examples in the euhic equa¬ 
tions by the new rules, but not fuccecding in them, for 
indeed he had mistaken the words, as it was very eaSy to 
do in Such bad verfes, having miSlaken [\b) 3 for \b 3 , 
or the cube of \ of the coefficient, for j of the 
cube of the coefficient; accordingly we find him writ¬ 
ing to T. in fourteen days after the above, blaming him 
much for his abrupt departure without feeing the mar¬ 
quis, who was fo liberal a prince he faid, and requeuing 
T. to refolve him the example a. 3 4- 3.V = to. This T. 
did to his Siitisfidlion, rightly gueffing at the nature of 
his millake; and concludes his anfwcr with thefc einpha- 
tical words, “Remember your promife.” On the 12th 
of May following C. returns him a letter of thanks, to¬ 
gether with a copy of his book, faying, “ As to my 
work, juft finished, to remove y®ur fuipieion, I fend 
you a copy, but unbound, as it is yet too freth to be 
beaten, But as to the doubt you txprefs leSl I may 
print your inventions, my faith which I gave you with 
an oath Should fatisfy you; for as to the finishing of 
my book, that could be no Security, as I could always 
add to it whenever I pleafe. Hut on account of the 
dignity of the thing, 1 excufe you for not relying on 
that which you ought to have done, namely on the faith 
of a gentleman, inftcad of the finishing of a book, 
which might at any time be enlarged by the addition of 
new chapters ; and there are beiides a thoufand other 
ways. But the fecurity coufiUs in this, that there is no 


pretending that the cafe might be done, though in ano¬ 
ther way. He fays thus to himfelf, “ I have a good 
mind to give 110 anfwcr to this letter, no more than m 
the other two. However 1 will anfwcr it, if it be but 
to let him know what I have been told of him. And a» 
I perceive that a fufpicion has arifen concerning .the dif¬ 
ficulty or obstacle in the rule for the cafe .v 3 = bx + e, 
1 have a mind to try if he can alter the data in hand, fo 
as to remove the faid obllacle, and to change the rulein* 
to another fotm, although I believe indeed that it can¬ 
not be done; however there is no harm in trying.”—“ M. 
Hieronime, I have received your letter, in which you 
write that you understand the rule for the cafe x J =. bx-{- 
c, but that when (ji) 3 exceeds (,'c)% you cannot re- 
folve the equation by following the rule, and therefore 
you icquell me to give you the folution of this equa* 
tion x 3 ~ ijx + 10. To which I reply, that you have 
not ufed a good method in that cafe, and that your 
whole procefs is intircly falfe. And as to refolving you 
the equation you have (cut, I muft fay that I am very 
forry that 1 have already given you fo much as l have 
done, for I have been informed, by a credible perfon,' 
that you are about to publish another Algebraical work, 
and that yen have been bonding through Milan of havin'* 
difeovered fome new rules in algebra. But, take notice^ 
that if you break your faith with me, I Shall certainly 
keep my word with you, nay, J even allure you to do 
more.than 1 promifed.” In Cardan’s anfwcr to this he 
fays, “ You have been misinformed as to my intention to 
L * publifh 
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publilh more on Algebra. But I fuppofe you have heard 
iuinething about my work tie my/leriis cternitatu t which 
you take for fome Algebra I intend to publifh. As to 
your repenting of having given me yonr rules, I am not 
to be moved hum the faith I promifed you for any thing 
you fay.” To this, and many other things contained 
in the feme letter, T. returned no anfwer, being ftill 
fufpicious of Cardan!* intentions, and declining any 
more correfpondcnce with him. This however did not 
difcoorage C. for we find him writing again to T. on 
the 5th of January, 1540, to clear up another difficulty 
which had occurred in this bulinefs, namely to extract 
the cube root of the binomials, of which the two parts 
of the rule always confided, and for, which purpofe it 
feems C. had not yet found out a rule. On this occafion 
' be informs T. that his quondam competitor Zuanne Colic 
had come to Milan, where, in fome contefls between 
them. Colie gave Cardan to undcritand that he had found 
out the rules for the two cafes X * + bx — r, and *•* = bx 
•+ r, and farther that he had difeovered a general rule for 
extracting the cube roots of dll fucli binomials as can be 
extraded; and that,in particular, the cube root of 4/108 
-{- 10 is 4/3 + i, and that of 4/108 — 10 is 4/3 — 1, 

andconfequcntly that %/4/108 -f 10— \/ 4/108 — 10 

is — 4/3 -t- 1 — 4/3 — i — 2. He then earneflly entreats 
T. to try to find out the rule, and the folution of certain 
other quedions which had been propofed to him by Colic. 
By this letter T. is dill more confirmed in liis refolu- 
tion of iilence; fo that, without returning any anfwcr, 
he only fets down among his own memorandums fome 
curious remarks on the contents of the letter, and then 
concludes to hitnfelf, “ Wherefore 1 do not choofc to 
anfwer him again, as I have no more affection for him 
than for M. Zuanne, and therefore I (hall leave the matter 
between them.” Among thofe remarks he fets dowu a 
rule for extracting the cube root of fuch binomials as can 
be extracted, ana that is done from either member of 
the binomial alone, thus: Take either term of the bi¬ 
nomial, and divide it into two fuch parts that one of 
them may be a complete cube, and the other part ex¬ 
actly diviftble by 3; then the cube root of the fatd cubic 
part will be one term of the required root, and the fquare 
root of the quotient arifing from the di vifion of [ of the 
ad part by the cube root of the firft, will be the other 
member of the root fought. Tin’s rule will be bctttr 
under (loud in characters thus-: let m be one member of 
the given binomial, whofe cube root is fought, and let it 
be divided into the two parts a 1 and 3$, fo that a 3 -f- 3 b 

be s= m ; then is a + J- the cube root required, if it 
a 

have one. Thus in the quantity 4/108+10, taking ' 
the term 10 for m, then 10 divides into 1 and 9, where 

«*= 1 or mss 1, and 3$ = 9 or b = 3: therefore a + 4/— 

a 

becomes * + 4/3 for the cube root of 4/108 + »o. And 
taking the other member 4/108, this divides into the 
two equal parts 4/27 and 4/27, making <*» = 4/27, and 
3 b — 4/37 ; hence a = 4/3; and bss . 4/3 alfo; consequent¬ 
ly « + 4/« is ss 4/3 + 4/J or 4/3 + 1 for the cube root 
0 

•f the binomial fought, the fame as before. “ And thus* 
kc adds, wc may know whether any propofed binomial. 


or refidual be a cube or a. noncube; for if it be a cube, 
the fame two terms for the root mull arife from both 
the given terms feparately; and if the two terms of the 
root cannot thus be brought to agree both ways, fuch 
binomial or refidual will not be a cube.” And tnus ends 
the correfpondcnce between them, at lead for this time. 
But it feems they had fttU more violent difputes when 
C. in violation of his faith fo often pledged to the con¬ 
trary, publiihed his work on cubiwcquations 4 years 
afterwards, viz, in the year 154$, of which we have 
before given an account, which difputes, it is faid, con¬ 
tinued till the death of Tartalea in the year 1^57. 

The laft article in the volume contains a dialogue on 
fome other forms of the cubic equations,, in the year 
1541, between T. and a Mr. Richard Wentworth, 
an Englifh gentleman, who it feems had refided fome 
time at Venice, on fome public fervice from England, 
as T. in the dedication of the volume to Henry VIII. 
king of England, makes mention of him as “ a gen¬ 
tleman of his facred majedy.” Mr. Wentworth had 
learned fome mathematics of T. and being about to 
depart for England, requeds T. to (hew him his newly 
difeovered rules for cubic equations, as a fareivcll-leffon ; 
and it is worth while to note a few particulars in this 
conference, as they (hew pretty nicely the limited 
knowledge of T. at that time, as to the nature and 
roots of fuch equations. T. had before, it feems, 
(hewed Mr. W. the rules for the cafes of the 3d and 1 ft 
powers, and now the latter ddires him to do the fame 
as to the three cafes in which the 3d and 2d powers only 
are concerned. On this T. profeffes great gratitude 
to Mr. W. for many obligations, but deliies to be cx- 
cufcd from giving him the rules for thefe, becaufe he 
fays he intends foon to compofe a new work on Arith¬ 
metic, Geometry, and Algebra, which lie intends to 
dedicate to him, and in which he means to infeit all 
his new difeoveries. On Mr. W. urging him further, 
T. gives him the roots of fome equations of that kind, 
as for in fiance: 

If x 3 + 6 x s — 100, then 

x — (/42 + 4/17000 + 4^4* — 4/17000 — 2, 

If »r 3 + 9** sb loo, then x — 4/24 — 2, 

If x* + 3** — 2, then x ss 4/3 — 1, 

If ,v 3 +4 = 5**, then 4/8 + 2, 

If * 3 + 6 = 7w", "then x — 4/15 •+■ 3 ; 

but not the rules for finding them. 

In the courfc of the converfation T. tells him that 
“ all fuch equations admit of two different aufwers, 
and perhaps more; and hence it follows that they have, 
or admit of, two different rules, and perhaps more, the 
one more difficult than the other.” And on Mi. W. 
exprefling his wonder at this circumftancc of a plurality 
of roots, T. replies, “ It is however very true, though 
hardly to bebeheyed, and indeed if experience had not 
confirmed it, I fhould fcarccly have believed it myfelf.” 
He then commits a ilrapge blunder fn an example which 
be takes to illuftrate this by, namely tjie equation 
x* + 3* = 14, which, he fays, it is evident lias the 
number 2 for one of its roots; and yet, he adds, 
“ whoever (hall refolve the fame equation by my rule, 

will find the value of x to be 4/7 + V 5 ° + 

V’j — 4/50, which is proved to. be a true root by fob- 

ftituting 
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ftituting It in the equation for x . And therefore, 
continue* he, it is manifeft that the cafe x* + bx ss c 
admits of two rules, namely, one (as in the above ex* 
ample) which ought to give the value of >*■ rational, 
viz a, and the other is my rule, which gives the value 
of x irrational, as appears above ; and tnere is reafon 
to think that there may be fuch a rule as will give the 
value of x — r, although our anceftors may not have 
found it out,’*-——*“ And thefe two different anfwers 
will be' found not onjy in every equation of this form 
x* + bx ss c, when the value of x happens to be rati* 
onal, as in the example x l + $* — 14 above, but the 
fame will alfo happen in all the other five forms of 
cubic equations i and therefore there is reafon to think 
that they alfo admit of two different rules) and by 
certain circumilances attending fome of them, I am 
almoft certain that they admit of more than two rules, 
as, God willing, I fhall foon demonilrate.” Now all this 
difeourfe (hews a flrange mixture of knowledge and ig¬ 
norance : it is very probable that he had met with fome 
equat ions which admit of a plurality of roots; indeed it 
was hastily poflible for him to avoid it; but it feems he 
had nofufpicion what the number of roots might be, 
nor that his reafoniug in this initance was founded on 

an error of his own, miflaking the root x = + n/s° 

-b (/7 — t/50, the equation x* + 3* = 14, for 
a different root from the number or root 2, when in 
reality it is the very fame, as he might eafily have found, 
if he had extracted the cube roots of the binomials by 
the rule which he himfelf had juft given above for 
that purpofe: for by that rule he would have found 

Vl + \I5° = I + ^2, and 1/7 — \/ 50 = 1 — 
t/z, and therefore their fum is 2 rr .v, the fame root 
as the other, which T. thought had been different. 
And beiidcs this root 2, the equation in hand, x 3 + 3* 
= 14, admits of no other real roots. . Nor does any 
equation of the fame form, ** + lx = c, admit of 
more than one real root. 

It feems alfo they had not yet difeovered that all 
cafes belong to the rules and forms for quadratic equa¬ 
tions, which have only two powers in them, in which 
the exponent of the one is juft double of the expo¬ 
nent of the other, as ,v*» + /or” — c ; but fome parti¬ 
cular cafes only of this fort they had as yet ventured 
to refer to quadratics, as the cafe x* + l.\ z = c. But 
in the conclufion of this dialogue T. informs \V. of 
another cafe of this fort which he had accomplithcd, as 
a notable difcoveiy, in thefe words: “ I well remem¬ 
ber, fays he, that in the year 1556, on the night of 
St. Martin, which was on a Saturday, meditating 
in bed when I could not ilccp, I difeovered the general 
rule for the cafe x 6 + lx 3 — c, and alfo for the other 
two, its accompanying cafes, in the fame night.” And 
then he directs that they arl to be refolveu like qua¬ 
dratics, by completing the fquarc, &c. And in thefe 
refolutions it is remarkable that he ufes only the'pofitive 
roots, without taking any notice of the negative ones. 

Tartalea alfo publiihed at Venice, in 1556, &c, a 
very large work, in folio, on Arithmetic, Geometry, 
and Algebra. This is a very complete and curious 
work upon the firft two branches; but that of Alge¬ 
bra is carried no farther than quadratic equations, 


called booh the£rft t with which the work terminates* 
It is evidently incomplete, owing to the death of the 
author, which happened before this latter part of the 
work was printed, as appears by the data, and hr the- 
prefaces. It appears alfo, from feveral parts of this 
work, that the author had many fevere conflicts with 
Cardan and his friend Lewis Ferrari t and particularly, 
there was a public trial of drill between them, in the 
year 1547; m which it would feem that Tartalea had 
greatly the advantage, his queftions moftly remaining 
unanfwered by his antagonifts. 

OF MICHAEL ST1FELIVS. 

After the foregoing analyfis of the works of the firft 
algebraii writers m Italy, it will now be proper to eon- 
fider thofe of their contemporaries in Germany; where, 
excepting for the difeoveries in cubic equations, the 
art was in a more advanced ftatc, and oi a form ap* 

S reaching nearer to that of our modern Algebra ; the 
ate and circumftances indeed being fo different, that 
one would almoft be led to fuppofe they had derived 
their knowledge of it from a different origin. 

Here Stifelius and Scheubeliua were writers of the 
fame time with Cardan and Tartalea, and even before 
their difeoveries, 'or publication, concerning the rules 
for cubic equations, Stifelius’s Aritbmetica Integra was 
publiflied at Norimberg in 1544, being the year before 
Cardan’s work on cubic equations, and is an excellent 
treatife, both on Arithmetic and Algebra. The work is 
divided into three books, and is prefaced with ah Intro- 
dudtiori by the famous Mclanchthon. The firft book 
contains a complete and ample Treatife on Arithmetic, 
the focoud an Expofition of the 10th book of Euclid's 
Elements, and the third a Treatife of Algebra, and it 
is therefore properly the part with which we are at 
prefent concerned. In the dedication of this part, he 
aferibes the invention of Algebra to Gcber, an Arabic 
Aftronomcr; and mentions bcfidcs, the authors Cam" 
panus, Chrift. Rudolph, aud Adam Ris, Rifen, or 
Gigiis, whofe rules and examples he has chiefly given. 
In other parts of the book he fpeaks, and makes ufe 
alfo, of the works of Brctius, Campanus, Cardan 
(i. e. his Arithmetic publiihed in 1530, before the work 
on cubic equations appeared), de Cufa, Euclid, Jordan, 
Milichius, Schonerus, and Stapulenfis. 

Chap, 1. Of the Rule of Algebra, and its parts. Sti¬ 
felius here deferibes the notation and marks of powers, 
or denominations as lie calls them, which marks for the 1 
feveral powers are thus : 

ill, 2d, 3d, 4th, 5th, 6th, Sec. 

3 * ff, 33 , f s » 3 tf» &<*• 

which are formed from the initials of the barbarous way 
in which the Germans pronounced and wrote the Latin 
and Italic names of the powers, namely, res or cola, zeti- 
fus, cubo, zenfi-zenfus, furfolid, zenfi-cubo, Sec . And 
the ,cofs or firft power he calls the radix or root, 
which is the firft time that we meet with this word in 
the printed authors. He alfo here ufes the figns or 
characters, -f- and —, for addition and fubtraCtion,and 
the firft of any that I know of: for in Italy they ufed. 
none of thefe characters for a long time after. lie has - 
no mark however for equality, but makes ufe of the 
word itfclf. 


Chap.. 
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'Chap.'t. Of the Parts of the Rule of Geber or Al- 
.|febni: teaching the various reductions hy addition,' 
iubtraftion, multiplication, divifion, involution, aud 
evolution, &c. 

Chap . 3. Of the Algorithm of Coflic Numbers: 
teaching the ufual operations of addition, fubtraftion, 
multiplication, diyilion, involution, and extraction of 
roots, much the fame as they are jtt prefent. Single 
terms, or powers, he calls fimple quantities ; but fuch 
as 13 + 1 a compofitc or compound, and 2& — 8 a 
defeftive one. In multiplication and divifion, he proves 
4hat like fignsgive + , and unlike figns—. He fhews that 
the powers 1, JJe, 3, tf, &c, form a geometrical progref- 
fion from unity ; and that the natural feries of numbers 
O, 1., 2, 3, &c, fromo, are the exponents of the coflic 
powers; and he, for the firfi time, exprefsly calls them 
exponents: thus, 

Exponents, o, I, 2, 3, 4, 5, 6, &c. 

Powers, 1, 3 » (ft 3 it y*t 3 (ft Scc» 

And he fhews the ufe of the exponents, in multipli¬ 
cation, divifion, powers, and roots, as we do at prefent; 
viz, adding the exponents in multiplication, and fub- 
trafting them in divifion, &c. And rhele operations he 
demonit rates from the nature of arithmetical and geo¬ 
metrical progreffions. It is remarkable that thefe com¬ 
pound denominations of the powetsarc formed from the 
fimple ones according to the products of the exponents, 
while thofe of Diophantus are formed according to the 
Jums of them ; thus the 6th power here is 3 ffi or qun- 
drato-culn, but with Diophantus it is cubo-cubi; and 
fo of others. Which is preemptive evidence that the 
Europeans had not taken their Algebra immediately 
from him, independent of other proofs. 

Chap, 4. Of the ext raft ion of the roots of coflic num¬ 
bers. He here treats of quadratic equations, which he 
refolves by completing the fquare, from Euclid II. 4 &c. 
Alfo quadratics of the higher orders, flu-wing how to 
refolve them in all cafes, whatever the height may be, 
provided the exponents be but in arithmetical progtef- 
Son, as 

4 2* o I ’ where it 13 plain that he always 

Jj * > counts o for the exponent of the un- 

8 4* o J known quantity in the abfolute term. 


Chap. 5. Of irrational coflic numbers, and of furd 
or negative numbers. In this treatife of radicals, or ir¬ 
rationals, he firfl. ufes the charaftcr to denote a root, 
and lets after it the mark of the power whofe root is in¬ 
tended ; as \/Z 20 for the fquare root of 20, and ^/cf 20 
for the cube root of the fame, and fo on. He treats 
lure alfo of negative numbers, or win t he calls furd or 
fictitious, or numberslefs than o. Cn which he takes 
necafion to obferve, that when a geometrical progreflion 
is continued dbwnjvards below 1, then the exponents of 
the terms, or the arithmetical progreflion, will go below 
c into negative mimhcrt, aud will yet be the true ex¬ 
ponents of the former} as in thefe. 


Export. | —3 I 
Pow. 


"1 I o I » 1 » 1 3 1 


» t » I 4 I 8 I 


And he gives examples to fhew that thefe negative 
exponents perform their office the fame as thepofitive 
opes, in all the operations. 


Chap. 6. Of the perfeftion of the Rule of Algebra, 
and of Secondary Roots. In the reduftion of equation! 
he ufes a mote general rule than thofe who had pre¬ 
ceded him, who detailed the rule in a multitude of 
cafes} inilead of which, he direfts to multiply or di¬ 
vide the two lides equally, to tranfpofe the terms with 
+ or —, and lallly to extraft fuch root as may be de¬ 
noted by the exponent of the higheft power. 

As to fccondary roots, Cardan treated of a 2d ignota 
or unknown, which he called quau/i/at, and denoted it 
by the initial q, to diftinguifh it from the firft. But 
here Stiftlius, for diftinftion fake, and to prevent one 
root from being miftsiken for others, afltgns literal 
marks to all of them, as A, B, C, D, &c, and then 
performs all the ufual operations with them, joining 
them together as we do now, except that lie fubjoins the 
initial of the power, inilead of its numeral exponent: 
thus, 3A into 9B makes 27AB, 

33 into 4B makes 12 3 B, 

2 cf into 4 A 3 makes li ff A 3 , 
i A fquared makes 1A 3 > 

6 into 3C makes 18C, 

2A3 into ijAcf makes \oAfs, kc, kc. 

8 ft’A 3 divided by 4 d’ makes iA 3, &c. 

The fquare root of 25 A3 is 5A, &c. 

Alfo 1A added to 2 ty makes ity -}- 2 A, 
and 2A fubtr. from zty makes 2% — :A, 

And he fliews how to ufc the fame, in queflions con¬ 
cerning feveral unknown numbers} where he puts a 
different charafter for each of them, as?-, A, B, C, See; 
he then makes out, from the conditions of the qtieftion, 
as many equations as there are charafters; from thefe 
he finds the value of each letter, in terms of fonre one of 
the relt; and fo, expelling them all but that one, 1 educes 
the whole to a final equation, as we do at prefi nt. 

The remainder of the book is employed with the 
folutions of a great number of queflions to exercife all 
the rules and methods; fome of which are* geometrical 
ones. 

From this account of the ftate of Algebra in Stifelius, 
it appears that the improvements made by himfelf, or 
other Germans, beyond thofe of the Italians, as con¬ 
tained in Cardan’s book of 15 yj, were as follow : 

iff. He introduced the charafters +, —, v', for 
plus, minus, and root, or radix, as lie calls it. 

2d. The initials 7 r, 3, ci’, &c. for the powers. 

3d. He treated all the higher orders of quadratics by 
the fame general rule. 

41I1. He introduced the numeral exponents of the 
powers, —3, —2, —1,0, I, 2, 3, &c, both politive and 
negative, fo far as integral numbers, but nut fraftional 
ones; calling them by the name exponent , exponent: 
and he taught the general ufes of the exponents, in the 
feveral operations of powers, as we now ufc them, or 
the logarithms. 

5th. And lallly} he ufed the general literal notation 
A, B, C, D, &c, for fo many different unknown or 
general quantities. 

OF SC1IEUBEJ.1VS. 

John Scbeubclius publilhed feveral books upon Arith¬ 
metic and Algebra. The one now before me, is inlitled 
Algebra .Compcndiofa Facili/que De/eriplio, qua depro- 

munlur 
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nwntur magnet ArithmcUcts miracuta, Auihare Johatme 
Schcubelio Mathtmaticarum Profeffore in Academia 7 m- 
lingenji. Parifiu 1553. But at the end of the book it 
is dated 1551* The work is molt beautifully prrawd, 
and is a very clear and fuccinft treatife; and both in 
the form and matter much refembles a modern printed 
book. He fays that the writers aferibe this art to Di- 
ophantus, which is the firft time that I find this Greek 
author mentioned by the modern algebraifts: he farther 
obferves, that the Latins call it Regula Rei & Cenfnt, the 
rule of tire thing and the fquare (or of the til and 2d 
power) ; and the Arabs, Algebra. His characters and 
operations are much the fame as thofe of Stifelius, ufing 
the figns and characters +, —, •/, anil the powers St, 
2 f , 3, ff, Ctc, where the character £ is ufed for 1 or uni¬ 
ty, or a number, or the O power; prefixing alfo the nu¬ 
meral coefficients; thus. 14/3 + U 3 + 31 R — S 3 -? - * 
J !e life’s alfo the exponents o, t, 2, 3, &c, of the powers, 
the fame way as Stifelius, before him. He performs the 
ulgcbiaicnl calculations, full in integeis, and then in 
fractions, much the fame as we do at prefent. Then of 
equations, which he fays nray be of infinite degrees, 
though lie treats only of two, namely the full and 1‘eeoud 
ordeis, or what we call limple and quadratic equations, 
in the ufual way, taking however only the pofitive roots 
of tliefe; and adverting to all the higher orders of 
quadratics, namely, x 4 , ax x , b ; 

a 6 , ax 3 , h ; 

A- 8 , a.\ 4 , b ; See, 

Next fo” >ws a trad on finds, both fimple and com¬ 
pound, quadratic, cubic, binomial, and rdidual. Here 
he full maiks the notation, obferving that the root is 
cither denoted 'ey the initial of the word, or, after fome 
authors, by the u.aik ^ :, viz. the fq. root :, the 
cube root v/\ / : , and the 4th root, or root of the root 
thus v\/ :, w'.iich latter method he mollly ufes. He 
then gives the Arithmetic of fur els, in multiplication, 
diviiion, addition, and iubtrnClion. In tliefe lull two 
iiiles he fquarcs the fum or difference of the furds, and 
then lets the root to the whole compound, which he 
> ;:lix what Cardan calls radix unhvrfalis. 

Thus 1/12 ± 1/10 isra.col. 32 ± o. But when 
the terms will reduce to a common lord, he tlicn unites 
liu-rn into one number; as \/27 + •/1 2 is equal 
Alfo of cubic fords, and 4th roots. I^Pbinomiai and 
lefidur.l furds, he remarks the different kinds of them 
which anfwer to the fcveral irrational lints in the 10th 
book of Euclid’s elements; and tlun gives this general 
rule for extracting the root of any binomial or rdidual 
a ± b, where one or both parts are birds, and a the 
gieater quantity, namely, that the fquare root of it is 


± , * llich heiUuf- 


trates hv many examples. This rule will only fucceed 
however, lb us to come out in limple terms, in certain 
cafes, namely, either when d 1 — b'~ is a fquare, or when 

a and \Zi2 — it 1 will reduce to a common furd, and 
unite : in all other cafes the root is in two compound 
furds, inltcad of 011c. lie gives alfo another rule, which 
comes however to the fame thing as the former, though 
by the wotds of them they feem tube different. 


Schcubelius wrote much about the time of Cardan and' 
Stifelius. And as he takes no notice of cubic equation*, 
it is probable he had neither feen nor heard-any thing, 
about them; which might very well happen, the one 
living in Italy, and.the other in Germany. And, betides, 
I know not if this be the firft edition of Scheubel’a book: 
it is rather likely it is not, as it is printed at Paris, and 
he himfclf was profeffor of mathematics at Tubingen in 
Germany. 

ROBERT RECORDE. 

The firll part of his Arithmetic was publifhed in r jft ;• 
and the fecond part in 1557, under the title of, “ The 
Whetllonc of Witte, which is the fecondc parte of 
Arithmetike: containing the Extra&ion of Kootes t 
Tlie Coffike Pradtife, with the Rule of Equation : and 
the Workes of Surde Nombcrs.” The work is in 
dialogue between the mailer and fcholar; aqd is nearly 
after the manner of the Germans, Stifelius and Scheu- 
belius, but efptcially the latter, whom he often quotes, 
and takes examples from. The chief parts of the work 
are, ill. The properties of abftradl and figurate num¬ 
bers. and. The extraction of the fquare and cube roots, 
much the fame as at prefent. Here, when the number is 
not an exadl pbwer, but having fome remainder over, 
lie either continues the root into decimals as far as he 
pleafes, by adding to the remainders always periods of 
cyphers; or elfe makes a vulgar fraction for the remain¬ 
ing part of the root.hy taking the remainder for the nume¬ 
rator, and double the root for the denominator, in the 
fquare root; but in the cube root he takes for the nomina¬ 
tor either the triple fquare of the root, which is Cardanos 
rule, or the triple fquare and triple root, with one more, 
which is Scheubel’s rule, 3d. Of Algebra, or “Coffike 
Nombers.” He ufes the notation of powers with their 
exponents the fame as Stifel, with all the operations in 
fimple and compound quantities, or integers and frac¬ 
tions. And he gives alfo many examples of extrading 
the roots of compound algebraic quantities, even when 
the roots are from two to fix terms, in imitation of 
the fame proeefs in numbers, juil as we do at prefent; 
which is the firft inftance of this kind that I have ob- 
ferved. As of this quantity : 

Square Rrmr. 

253 Cf + Kq/S — 2633 — 633 (5 vf 4-S3 - 9 ^* 

4th. “The Rule of Equation, commonly called A lgc - 
ber’s Rule.’’ He here, iiril of any, introduces the cha¬ 
racter =, for brevity lake. His words are, “And to 
avoide the tedioufe repetition of tliefe wooides: is 
cqnallc to: I will fette as 1 Joe often in vvoorke life, a 
pairc of paralleled, or gemowe lines of one l-uigthe, 
thustrr, bicaufe noe 2 thynges can be n ion re cqtiallo.” 
He gi ves the rules for limple and quadratic equations, 
with many examples. He gives alfo fome examples 111 
higher compound equations, with a root for each of 
them, but gives no rule how to lied it. £th. “ Of Surde 
Nombcrs.” This is a very ample treatife on furds, both 
fimple and compound, and finds of various degu;cs, a* 
fquare, cubic, and biquadratic, marking the roots tu 
Scheubel’s manner, thus: */« wv / , ' v 7 * He here ufes 
the names bimedial, binomial, and rctidual; but fays 
they have been ufed by others before him, though this 
is the firft place where I have obierved the two latter.— 
Hence it appears that the things which chiefly arc new 
in this author, arc tliefe three, viz. 

2 


1. The 
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'I. The extraction of the root* of compound algebraic 
quantities. 

2. The ufe of the terms binomial and refidual. 

J. .The ufe of the %n of equality, or 3=.. 

' OF PULETAK I U(. 

The firft edition of this author’s algebra was printed 
in 4to at Paris, in 1558, under this title, 'Jacobi Pe/e- 
tarii Cmomani, dc occulta parte Numerorum, quam Algcbram 
vacant. Lib. duo. 

In the preface he fpenks of the fnppofed anthors of 
•Algebra, namely Geber, Mahomet the ion of Moles, 
an Arabian, and Dlophantus. But he thinks the art 
older, and mentions fome of his contemporary writers, 
or a very little before him, as Cardan, Stifel, Scheubel, 
Chr. Januarius; and a little earlier again, Lucas Paci- 
olus of Florence, and Stephen Villafrancus a Gaul. 

Of the two books, into which the work is divided, 
the firft is on rational, and the fecond on irrational or 
furd quantities; each being divided into many chap¬ 
ters. It will be fufficient to mention only the principal 
articles. 

He calls the feries of powers Humeri rrcati, or derived 
numbers, or alfo radicals, becaufe tiiey are all raifed from 
one root or radix. He names them thus, radix, quadratus 
cubits, quadrato-quadratus, or biquadratus, fuperfolidus, 
quadrato-cubus, &c; and marks thern^thus R, q, if, qq, 
ft, bfs , tsde. Of thefe he gives the following fe¬ 

ries in numbers, having the common ratio 2, with their 
marks fet over them, and the exponents fet over thefe 
again, in an arithmetical feries, beginning at o, thus: 

01234567 8 

« R ? tf ?? /' 7vT m 

l 2 4 8 16 32 64 128 256 fee. 

Afld he thews the ufe of the exponents, the fame as Sti* 
£clius and Scheubelius; like whom alfo he prefixes co¬ 
efficients to quantities of all kinds, as alfo the radical V- 
But he docs not follow them in the ufe of the ligns •+■ 
•nd — , but employs the initials p and in for the fame 

J iurpofc. After the operations of addition, &c, he per- 
isrms involution and evolution alfo much the fame way 
as at prefent: thus, in powers, raife the coefficient to 
the power required, and multiply the exponent, or 
fign, as he calls it, by 2, or 3, or 4, &c, for the 2nd, 
3d, 4th, &c, power ; and the reverfe for extra£b‘on : 
and hence he obferves, if the number or coefficient will 
not exaflly extraft, or the fign do not exaflly divide, the 
quantity is a furd. 

After the operations of compound quantities, and 
fraftions, and reduction of equations, namely, Ample and 
quadratic equations, as ufual, in chap. 16, De Iwvenii ndis 
jeneratim Radicilus Denominatorum , he gives a method of 
finding the roots of equations among the divifors of the 
absolute number, when the root is rational, whether it 
be integral or fractional; for then, he obferves, the root 
always lies hid in that number, and is fome one of its 
divifors. This is exemplified in feveral in (lances, both 
of quadratic and cubic equations, and both for integral 
4nd fractional roots. And he here obferves, that he knows 
not of any perfon who has yet given general rules for 
the folution of cubic equations | which fhews that when 
he wrote this book, either Cardan’s Iaft book was not 
pttblifhcd, or elfe it had not yet come to his knowledge. 
Chap. 17 contains, in a few words, directions for 


bringing queflion* to equations, and for reducing thefe. 
He here obferves, that fome authots call the unknown 
number ret, and others the pofitio\ but that he calls it radix , 
f#root, and marks it thus R : hence the term, root of an 
equation. But it was before called radix by Stifelius. 

Chap. 21 €sf ftq. treat of fecondary roots, or a plu¬ 
rality of roots, denoted by A, B, C, &c, after Stifelius. 

The 2d book contains the like operations in ftirds, or 
irrational numbers, and is a very complete work on this 
fubjeft indeed. He treats firft of Ample or Angle fords, 
then of binomial furds, and laltly of trinomial finds. He 
gives here the fame rule for extrafling the root of a 
binomial and refidual as Scheubelius, viz, V a ±6 sr 


a 4- V a* ~~h' 1 a — V“ l — 

V - 3 : V —. . " ■ ■ 


IndivtYing by a 


binomial or refidual, he proceeds as all others before him 
had done, namely, reducing the divifor to a Ample quan¬ 
tity, by multiplying it by the fame two terms with t he 
fign of one of them changed, that is by the binomial if 
it be a refidual, or by the fame refidual if it be a bino¬ 
mial; and multiplying the dividend by the fame thing; 

thus —1_ = —l_ x i^+j.^aa±i 

Vi — 2 VS — 2 Vs - i- 2 5—4 

= }V$ 4* 6> 

And, in imitation of this method, in divifion by tri¬ 
nomial finds, he directs to reduce the trinomial divifor 
fnf! to a binomial or refidual, by multiplying it by the 
fame trinomial with the ligu <>1 one tmn changed, and 
then to reduce this biuomnl or i\i ; di.J to a fimple 
nomial as above ; obieiving to muinplv the dividend by 
the fame quantities as the divilor. Thus, if the divifor 
be 4 + V2 — V 3 ; multiplying this by 4 -f- V 2 4* 
V$, the ptodufl is i? + 8^2; then this bino¬ 
mial multiplied by the refidual t^ —8^/2, gives 2aj 
— 128 or 97 for the fimple divifor r and the dividend, 
whatever it is, mud alfo he multiplied by the two 4 4- 
4/2 + ^3 and is — 8^/2. Or in general, if the di¬ 
vifor be a + \/b — V L » multi¬ 
ply it by a + ^/b + V't which 
gives {a + +/by — c =« 1 + b — c + 2a */l; 
then multiply this by a 1 + b — c — 2/7 V T, 
and it gives - (a 1 + b — r)* — 4 a* b, which 

will be rational, and will all collcfl into one Angle term. 
But Tartataptnud have been in poffeffion of fome foch 
rule as this, as one of the quedions he propofed to Flo- 
rido was of this nature, namely to And foch a quantity 
as multiplied by a given trinomial ford, {hall make it 
rational: and it appears, from what is done above, 

that, the given trinomial being a 4* ,/b — V c * the 

anfwer will be a + */b + /fc x + b— c 4- 2 ^b. 

Chap. 24 {hews the compoAtion of the cube of a bi¬ 
nomial or rcAdual, and thence remarks on the root of 
the cafe or equation 1 tf J p 3R1 eqnal to 10, which he 
feems to know fomethiiig about, though he had not Car¬ 
dan’s rules. 

Chap. 30, which is the lad, tfeats of certain precepts 
relating to fquarc and cubic numbers, with a table of 
foch fquares and cubes for all numbers to 140 ; alfo 
{hewing how to compute them both, by adding always 
their differences. 

He 
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He then concludes with remarking that there are 
many curious pi opertics of lhcfe numbers, one of which 
is this, that the fum of any number of the cubes, taken 
from the beginning, always makes a fquare number, the 
root of which is the fum of the roots of the cubes; 
fo that the ferics of fquarc6 fo formed, have for their 
roots — i, 3, 6, to, 15, at, &c. 

whofc diff. are the natural n 0 ’ 1, 3, 3, 4, 5, 6, &e. 
Namely, 1 3 = t a ; i 3 + 3 J =3 !! ; i*+2 i + 3 3 =6*, &c. 
Or in general, i 1 + 2 J + 3 J - « 3 = +2 + 3 - »)* 

= n + I. 

This work of Peletarius is a very ingenious and ma- 
flerly compofition, treating in an able manner of the 
foveral parts of the fubjedt then known, excepting the 
cubic equations. But bis real difeoveries, or improve* 
inents, may be reduced to thefe three, viz. 

lit. That the root of an eqnation, is one of thedivi* 
fors of the abfolutc term.- 

2d. He taught how to reduce trinomials to funple 
terms, by multiplying them by compound factors. 

3d. He taught curious precepts and properties con¬ 
cerning fquare and cube numbers, and the method of 
confti udAing a fcrics of each by addition only, namely 
by adding fucccflivcly their l'cveral orders of differences. 


folution of giving it to the world, and he fays that they 
had already trail dated five books, of the fix which were 
then extant, being as yet hindered by other avocations 
from completing the work. He then adds the following 
flrange cireunmance, viz. that they had found that in 
the faid work the Indian authors are often cited ; by which 
thy learned that this- Jiicnce teas known among the 
Indians before the slrabians had it: a paragraph the 
more remarkable as 1 have never undcritood that any 
other perfon could ever find, in Diophantus, any refer¬ 
ence to Indian writers: and I have examined his work 
with fomc attention, for that purpofe. 

Bombclli's work is divided into three books. In the 
firft, arc laid down the definitions and operations of 
powers and roots, with various forts of radicals, fimple 
and compound, binomial, rdkluul, &c; mollly after 
the rules and manner of former writers, excepting in 
fomc few inftances, which 1 fliall heie take notice 
of. And firft of his rule for the cube root of bino¬ 
mials or refiduals, which for the lake of brevity, may be 
expreffed in modem notation as follows : let y/b + a 
be the binomial, the term tfb being greater than 
a-, then the rule for the cube root of K /1 + a come* 

to this, P — Q_+ \/ P — + V a " where P= 


RAMUS. 

Peter Ramus wrote his arithmetic and algebra about 
the year 1560. His notation of the powers is thus, /, 
y, c, hq, being the initials of latus, quadratus, cubus, 
biquadratus. He treats only of fimple and quadratic 
equations. And the only thing remarkable in his work, 
is the lirll article, on the names and invention of Alge¬ 
bra, which we have noticed at the beginning of this 
hiilory. 

EOMBELLI. 

Raphael Bombelli’s Algebra was publilhed at Bologna 
in the year 1579, in the Italian language. It feems how¬ 
ever it was written fome time before, as the dedication 
is dated 1572. In a fhort, but neat, introduftion, he 
firll adverts, in a few words, to the great excellence and 
ufcfulnefs of arithmetic and algebra. He then laments 
that it had hitherto been treated in fo imperfeft and ir¬ 
regular a w f ay; and declares it is his intention to remedy 
all defefts, and to make the fcicnee and praftice of it 
as eafy and pci fed as may be. And for this purpofe he 
firft rcfolved to procure and fludy all the former au¬ 
thors. lie then mentions feveial of thefe, with a fliort 
hiftory or charadrr of them ; as Mahomet the fon of 
Mofcs, an Arabian ; Leonard Pifano ; Lucas de Btirgo, 
the firft print id author in Europe; Oroncitis ; Scribe- 
li ur. ; Boglione Franeefi; Mtifeiius in Germany ; a cer¬ 
tain Spaniard, doubtlefs meaning Nunez or Nonius; 
and laftly Cardan, Ferrari, and Tartalea; with fome 
others fince, whofc names he omits. He then adds a 
cuiious paragraph eonceruing Diophantus: he fays that 
fome years fiuce there had been found, in the Vaticau 
library, a Greek work on this ait, computed by a cer r 
tain Diophantus, of Alexandria, a Greek author, who 
lived in the time of Antoninus Pius; which work having 
beeu (hewn to him by Mr. Antonio Maria Pazzi Rcg- 
giano, public le&urer on mathematics at Ropic; and 
finding it to be a good work, thefe two founed the rc- 
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Which is a rule that can be of little or no ufe ; for, iu 
the firft place, P — + K/h ~~ a * >* the fame at 


P + Q ; and P or 1 / + 

64 64 


b-a- a . 

+ 1 11 = 


therefore the whole P — Qjf P — Q^. + i/b — 

reduces to P — Qjf P + Q_ = 2 P — 2 X [\/ tfb + a 

— y/ jfb + a, the original quantity firft propofed. The 
ne xt thingremarkiblc in this ill book, is his method 
f‘>r the fquare roots of negative quantities, and his rule 
f°r the cube roots of fuch imaginary binomials as arife 
from the irreducible cafe in cubic equations. His words, 
tranflated, are thefe: “ I have found another fort of cu¬ 
bic root, very' different from the former, which arifes 
from the cafe of the cube equal to the firft power and a 
number, when the cube ofthe'd part of the (coef.ofthe) 
1 ft power, if greater than the fquare of half the abfolutc 
number, which fort of fquare root hath in its algorifm, 
names and operations different from the others; for in that 
cafe, the cxcefs cannot be called cither plus or minus; I 
therefore call it plus of minus when it is to be added, and 
minus of minus when it is to he ftiblrsCted.” He then 
gives a fet of rules for the figns when fuch roots are mul¬ 
tiplied, and illullrates them by a great many examples. 
His rule for the cube roots ol fuch binomials, viz. fuch 

as a + if — b, is this: Firft find If a"- + b ; then, by 
trials fcarch out a number r,aud a fq. root <fd, fuel), that 

the fum of their fquares A + d may be = *f b 
M and 
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and alfo r* — $ce?=zai then (hall e + */— //be = 

\/a -f- v ' , ~ b fought. Thus, to extract the cube root 

of 2 + */— 1 2 1 : here + 4 = \/i 25 = 5; l ^ cn 

taking c rs 2 , and d ~ >, it is c a + </ = 5 =r ^/«* ■+■ 
and r 3 — yd = 8 — 6 = 2 = a, as it ought ; and 
therefore 2 -f — 1 is ss the cube root of 2 + »/ — 121, 
as required. 

The notation in this book, is the initial R for root, 
with q or t &c after it, for quadrate or cubic, &c root. 
Alfo p for plus, and m for minus. 

In the 2d book, Bombelli treats of the algorifm with 
Unknown quantities, and the refolution of equations. 
He Grfl gives the definitions and chara&ers of the un¬ 
known quantity and its powers, in which he deviates 
from the former authors, but profefles to imitate Dio- 
phantus. He calls the unknown quantity tanto, and 
marks it thus • • i, 

Itsfquare or 2d power potenxa, *,» 

Its cube - - cubo, i, 

and the higher names are compounded of thefc, and 
marked ■£, b,Z, Z, &c, fo that he denotes all the 
powers by their exponents fet over the common cha¬ 
racter _ And all thefe powers he calls by the general 
name dignita, dignity. He then performs all the algor- 
lfm of thefe powers, by means of their exponents, as 
we do at prefent, viz, adding them in multiplication, 
fubtraCting in divifion, multiplying them by the index 
in involution, and dividing by the fame in evolution. 

In equations he goes regularly through all the cafes, 
and varieties of the figns and tetms ; firit all the fimple 
or fmgle powers, and then all the compound cafes ; de- 
monftratiug the rules geometrically, and iliuflrating 
them by many examples. 

In compound quadratics, he gives two rules: the firfk 
is by freeing the potenza or fquare from its coefficient 
l>y divifion, and then completing the fquare, &c, in the 
ufual way: and the 2d rule, when the firft term has 
its coefficient, may be thus expreffed ; if ax* + bx — c, 


Q€ ~| ^ aw -1^ 

then x =- ■ ■■-■ — ■- ■■■ * -—. He takes only the pofitive 

a 

root or roots ; and in the cafe ax* + c = bx, which has 
two, he obferves that the nature of the problem mull 
(hew which of the two is the proper one. 

in the cubic equations, he gives the rules and tranf- 
formations, &c, after the manner of Cardan ; remarking 
that fomeof the cafes have only one root, but others two 
or three, of which fomc arc true, and others falfe or ne¬ 
gative. And in one place he fays that by means of the 
cafe x 3 s= bx + c he irijeils or divides an angle into three 
equal parts . 

When he arrives at biquadratic equations, and par¬ 
ticularly to this cafe x 4 ■+■ ax h, he fays, “ Since I 
have feen Diophantus’s work, I have always been of 
opinion that his chief intention was to come to this 
equation, becaufe I obi'erye he labours at finding always 
fquare numbers, and fuch, that adding fome number to 
them, may make fquares; and 1 believe that the fix 
books, which are loft, may treat of this equation, &c.” 

“ But Lewis Ferrari,” he adds, “ of this city, alfo 
laboured in this way, and found out a rule for fuch 
cafei, which was a very hoc invention, and therefore I 


/hall here treat of it the beft I can.” This he accord • 
ingly docs, in all the cafes of biquadratics, both with 
refpeft to the number of terms in the equation, and the 
figns of the terms, except I think this moil general cafe 
only rx — qx* ■+• px 3 — x 4 = s ; fully applying Ferrari’s 
method in all cafes. Which concludes tire 2d book. 

The 3d book cotififts only of the refolution of near 
300 pradtical queftions, as exercifes in all the rules and 
equations, fome of which arc taken from Diophantua 
and other authors. 

Upon the whole it appears that this is a plain, ex¬ 
plicit, and very orderly treatifeon algebra, in which are 
very well explained the rules and methods of former 
writers. But Bombelli does not produce much of im¬ 
provement or invention of his own, except his notation, 
which varies from others, and is by means of one general 
character, with the numeral indices of Stifelius. He 
alfo firft remarks that angles are trifelted by a cubic 
equation. But I know not how to account for his af- 
fertion, that Diophantua often cites the Indian authors; 
which 1 think mult be a miftake in Bombelli. 

CLAVIUS. 

Chriftopher Clavius wrote his Algebra about the year 
1580, though it was not publifhcd till 1608, at Orleans. 
He moftly follows Stifelius and Schcubelius in his nota¬ 
tion and method, &c, having fcarcely any variations 
from them ; nor does he treat of cubic equations. He 
mentions the names given to the art, and the opinions 
about its origin, in which he inclines to aferibe it to 
Diophantus, from what Diophantus fays iu lus preface 
to Dyonifius. 


STEVINUS. 

The Arithmetic of Simon Stevin of Bruges, wa# 
publifhcd in 1585, and his Algebra a little afterwards. 
They were alfo printed in an edition of his works at 
Leyden in 1634, with fome notes and additions of 
Albert Girard, who it feems died the year before, this 
edition being publifhcd for the benefit of Girrard’s 
widow and children. The Algebra is an ingenious and 
original work. He dtnotes the res, or unknown quan¬ 
tity, in a way of his own, namely by a final! circle o» 
within which he places the numeral exponent of the 
power, as (Q), ®, (2), ®, &c, which arc theo, 1, 2, 3, 
&c power of the quantity O * where or the o 
power, is the beginning of quantity, or arithmetical 
unit. He alfo extends this notation to roots or frac¬ 
tional exponents, and even to radical ones. 

Thus ©, ©, ©, &c, are the fq. root, cube root, 4th 
root, &c ; 

and <D is the cube root of the fquare ; 

and © is the fq. root of the cube. And fo of others. 

The firft three powers, C0» ©* i 3 '» he alfo calls 
cujle (fide), quarre (fquare), cube (cube-); and the firft of 
them, 0, the prime quantity, which he obferves is alfo 
metaphorically called the racinc or root, (the mark of 
which is alfo •/), becaufe it reprefents the root or 
origin from whence all other quantities fpring or arife, 
called the potences or powers of it. He condemns the 
terms furfolids, and numbers abfurd, irrational, irregular, 
inexplicable, or furd, and fhews that all numbers arc 
denoted the fame way, aad are all equally proper cx- 

preffions 
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preffions of fome length or magnitude, or fome power 
of the fame root. He alfo rejects all the compound 
expreflions of fquare-fquared, cube-fquared, cube-cubed, 
&c, and (hews that it is heft to name them all by their ex¬ 
ponents, as the xit, zd, 3d, 4th, jth, 6th, &c power or 
quantity in the feries. And on his extension of the new 
notation hejuitly obferves that what was before obfeurr, 
laborious, and tirefome, will by thefe marks be clear, 
eafy, and pleafant. He alfo makes the notation of alge¬ 
braic quantities more general in their coefficients, in¬ 
cluding in them not only integers, as 30, but alfo frac¬ 
tions and radicals, as ^(2), and v/20, &c. He has va¬ 
rious other peculiarities in his notations ; all (hewing an 
original and inventive mind. A quantity of fcveral 
terms, be calls a multinomial, and alfo binomial, tri¬ 
nomial, &c, according to the number of the terms. 
He ufes the fig ns and —, and fometimes : for equa¬ 
lity ; alfo x for divifion of fractions, or to multiply 
erofswife thus, f xf : -ii • 

He teaches tbegeneration of powers 2 

by means of the annexed table of 3.3 
numbcis, which are the coefficients 4.6.4 
of all the terms except the firft and 5. to. 10. J 
laft. And he makes ufe of the fame 6. 15.20.15 .6 
numbers alfo for extracting all roots &c. 

whatever : both which things had 
firlt been done by Ktifclius. In extracting the roots of 
uon-quadrate or non-cubic numbers, he nas the fame 
approximations as at prefent, viz, either to continue the 
extraction indefinitely in decimals, by adding periods 
of ciphers, or by making a fradtion of the remainder 


in this manner, viz, v"N = n + 


N — »* 


nearly, and 


N 


2 n + t 
nearly; where n is the 


i/ N as n + _ 

3 "* + 3 “ + 1 

neared exadt root of N ; which is Peletarius’s rule, and 
which differs from Tartalea’s rule, as this wants the 1 
in the denominator. And in like manner lie goes on 
to the roots of higher powers. 

He then treats of equations, and their inventors, 
which according to him are thus: 

Mahomet, fon of Mofes, an Ara- f .® \ ® * 

bian, invented thele - i Am ™™’ 

L© egale i ®, @, 

And fome unknown author, the derivatives of this, 
borne unknown author invented f 0 S> egale ii © ©, 
t hefe - - - - t (D egale 

But afterwards he mentions Ferreus, Tartalea, Car¬ 
dan, See, as being alfo concerned in the invention of them. 
Lewis Ferrari invented 0 egale a CD (2) © <§/. 
He fays alfo that Diophantus once refolves the cafe 
fz) egale a Q) 0. In his reduction of equations, 
which is full and maftctly, lie always puts the high eft 
power on one fide alone, equal to all the other terms. 
Jet in their order, on the other fide, whether they be 
+ " r —. And he demunftrates all the rules both arith¬ 
metically and geometrically. In cubics, he gives up 
the irredncible cafe, ashopelefs: but fays that Botn- 
bclli relblves it by plus of minus , and minus of minus ; 


thus, if 1 (D ss 30® + 36, then 1 ® 18+of - 26 

+ V *8 — °f— z6, that is, 1 © = */i8 -i- 26 •/ — ! 
+ He refolves biquadratics by 


means of cubics and quadratics. In quadratics, he 
takes both the two roots, but looks for no more than 
two in cubics or biquadratics. He gives alfo a general 
method of approaching indefinitely near, in decimals, to 
the root of any equation whatever; but it is very la¬ 
borious, being little more than trying all numbers, one 
after another, finding thus the ift figure, then the ad, 
then the 3d, &c, among thefe ten chara&erso, 1, 2, 3, 
4, 5, 6, 7, 8, 9. And finally he applies the rules in 
the refolution of a great many practical quellions. 

Although a general air of originality and improve¬ 
ment runs through the whole of Stevinns’s work, yet 
his more remarkable or peculiar inventions, may be re¬ 
duced to thefe few following : .viz, 

1 ft. He invented not only a new charafter for the 
unknown! quantity, but greatly improved the notation 
of powers, by numeral indices, firft given by Stifcliut 
as to integral exponents { which Stevinus extended to 
fractional and all other forts of exponents, thereby de¬ 
noting all forts of roots the fame way as powers, by nu¬ 
meral exponents. A circumftance hitherto thought to 
be of much later invention. 

2d. He improved and extended the ufe and notation 
of coefficients, including in them fra&ions and radicals, 
and all forts of numbers in general. 

3d. A quantity of feversd terms, he called generally a 
multinomial; and he denoted all nomials whatever 
by particular names expreffing the number of their 
terms, binomial, trinomial, quadrinomial, See. 

4th. A numeral refolution of all equations whatever by 
one general method. 

Bcfidcs which, he hints at fome unknown author as 
the firft inventor of the rules for cubic equations ; by 
whom may probably be intended the author of the 
Arabic manufeript treatife on cubic equations, given to 
the library at Leyden by the celebrated Warner. 

VIETA. 

Moft of Vieta’s algebraical works were written 
about or a little before, the year 1600, but fome of 
them were not publi/hed till after his death, which 
happened in the year 1603. And his whole mathema¬ 
tical works were collected together by Francis Schooten, 
and elegantly printed in a folio volume in 1646. Of 
thefe, the algebraical parts arc as follow : 

1. lfagogc in Artcm Analyticam. 

2. Ail J.ogtiiiccn Speciofam Nota: priores. 

3. Zeteticoruiu libri quinque. 

4. l)e Aiquationum liecognitionc, & Emendationf. 

5. De Numerofa Potefiatum adExegefin Refolutione. 

Of all thefe 1 (hall give a vety minute account, efpe- 

ciully iu fuch parts as contain any difeoveries, as we 
here meet with more improvements and inventions in 
the nature of equations, than in aim of l any former 
author. And firft of the lfagogc or Introdu&ion to 
the Analytic Art. In this fliort introduftion Victa 
lays down certain prxenguita in this art, as definitions, 
axioms, notations, common precepts or operations 
of addition, fubtra&ion, multiplication, and divifion,* 
with rules for queftions, See. From which we find, 

1 ft. Th?t the names of his powers are latus, quadratum, 
cuhus, quadrato-qundratnm, quadrato-cubus, cubo- 
ctibus, &c; in which he follows the method of Dio- 
phantus, and not that derived from the Arabians* 
M * ad. That 
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2d. That he calls powers pore or adfefted, and firft 
here ufcs the terms coefficient, affirmative, negative, 
fpecious logiftica or calculations, homogeneum compa* 
rationis, or the abfolute known term of an equation, 
homogeneum adfc&ionis, or the 2d or other term which 
makes the equation adfc&ed, &c« 3d. That he ufes 

the capital letters to denote the known as well as un¬ 
known quantities, to render his rules and calculations 
general, namely, the vowels A, E, I, O, U, Y for the 
unknown quantities, and the confonants B, C, D, &<:, 
for the known ones. 4th. That he ufes the fign + 
between two terms for addition; —* for fubtra&ion, 
placing the greater before the lefs; and when it is not 
known which term is the greater, he places = between 
them for the difference, as we now ufe co; thus A = 
B is the fame as A to B ; that he exprefles divifion 
by placing the terms like a fraction, as at prefent; 
though he was not firft in this. But that he ufes no 
characters for multiplication or equality, but writes the 
words ilicmfelves, as well as the names of all the powers, 
as he ufes no exponents, which caufes much trouble 
and prolixity in the progrefs of his work ; and the nu¬ 
meral coefficients fet after the literal quantities, have a 
difagreeablc effeft. 

II. Jtd Logifliccn Sptctafam , Not* Prtores. Thefe 
coniift of vai ious theorems concerning fums, differences, 
products, powers, proportionals, &c, with the genefis 
of powers from binomial and relidual mots, and certain 
properties of rational right-angled triangles. 

III. Zetcticorum Kiri quinque. The zetetics or quef- 
tions in thefe 5 books are chiefly from Diophantus, 
but refolved more generally by literal arithmetic. And 
in thefe queftions are alfo inveftigated rules for the re- 
folution of quadratic and cubic equations. In thefe 
alfo Vieta firft ufes a line drawn over compound quan¬ 
tities, as a vinculum. 

•IV. l)e JEnuaUonum Rccngnitiont , Emendations. 

Thefe two books, which contain Vieta’s chief improve¬ 
ments in Algebra, were not published till the year : 61 5, 
by Alexander Anderfon, a learned and ingenious 
Scotchman, with various corrections and additions. 
The 1 ft of thefe two hooks confiftg of 20 chapters. 
In the firft fix chapters, rules arc drawn from the 
zetetics for the refolution of quadratic and cubic equa¬ 
tions. Thefe rules are by means of certain quantities 
in continued proportion, but in the refolution they 
come to the lame thing 33 Cardan’s rules. In the 
cubits, Vieta fometimes changes the negative roots into 
affirmative, as Cardan had done, but he finds only the 
afthmatiu- roots. And he here refers the irreducible 
cafe to angular feCVions for a folution, a method which 
had been mentioned by Bombclli. 

Chap. 7 treats of the general method of transforming 
equations, which is done either by changing the root 
in various ways, namely by fubftituting another iuftend 
of it which is either increafed or diminifhed, or mill- 
tiplied or divided by ftrme known number, or railed or 
deprcflcd in fotne known proportion ; or by retaining 
the fame root, and equally multiplying all the terms. 
Which forts of transformation, it is evident, are in¬ 
tended to make the equation become fimpler, or more 
eonvenient for folution. And all or mod of thefe reduc¬ 
tions and transformations were alfo pradifed by Cardan. 

Chap. 8 ffiews what purpofes arc anfwc- :d by the 


foregoing transformations; fuch as taking awaT fame 
of the terms out of an equation, and particularly the 
2d term, which is done bv increafing or dimin idling the 
root by the coefficient of the 2d term divided by the 
index of the firft: by which means alfo the affc&ed 
quadratic is reduced to a Ample one. And varioua 
other effedta are produced. 

Chap. 9 ffiews how to deduce compound quadratic 
equations from pure ones, which is done by increafing 
or diminiffiing the root by a given quantity, being 
one application of ihe foregoing reductions. 

Chap, to, the reduction of cubic equations affedted 
with the lit power, to fuch as arc affedted with the 
2d power ; by the fame means. 

In chap. 11, hy the fame means alfo, the 2d term is 
reftored to fuch cubic equations as want it. 

In chap. 12, quadratic and cubic equations are raifed 
to higher degrees by fubftituting for the root, th- fquare 
or cube of another root divided by a given quantity. 

In chap. 13 affedted biquadratic equations aie deduced 
from affedted quadratics in this manner, when expreifed 
in the modern notation: 

If A* + BA ss Z, then (hall A 4 + B* + ziiZ • A=s 
Z* + B*Z. 

For fince A* + BA = Z, therefore A* = Z —> BA, 
and its fquaie is 

A 4 Z 1 — zBAZ + B l A*: but B’A» = B*Z - B*A, 

therefore _ 

A 4 = Z*-2BAZ + B*Z — B* A, or A 4 + B* + 2BZ. 
• A = Z* + B’Z. 

And in like manner for the biquadratic affedted with its 
other terms. And in a limilar manner alfo, in chap. 14, 
affedted cubic equations are deduced from the affedted 
quadratics. 

In chap. 15 it is (hewn that the quadratic BA — A‘ 
— Z has two values of the root A, or has ambiguous 
roots, as he calls them ; and alfo that the cubics, biqua¬ 
dratics, &c, which arc raifed or deduced from that qua¬ 
dratic, have alfo double roots. 

Having, in the foregoing chapters, fliewn how the 
coefficients of equation;; of the 3d ami 4th degree are 
formed from thole of the 2d degree, of the fame root; 
and that certain quadratics, and others raifed from them, 
have double roots ; then in the ifjth chap. Vieta (hews 
what relation thofe two roots bear to the coefficients of 
the two loweft terms of an equation confiding of only 
three terms. Thus, 


If BA — A s = Z 


and BF.—E* = Z 


If BA — A* =■ Z 

and BE —£3 —Z, 


then B= 


a — E 


—.A •(■ E, 


and Z = 


— AE 1 


= AE. 


then B = ———b=A* + AE + E\ 

A — fc 

and Z = ^-=A*E+AE*. 

A —E 


If A* + BA»=Z, 1 , _ t" — A™ . _ A m F. n +A"E“ 

and E m —BE n =Z, J e b + a 11 e“+ a 11 

And fo on for the fame terms with their figns varioufly 
changed. 

Chap, 
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( Cb/p. 17 contains feveral theorems concerning quan¬ 
tities tn continued geometrical progreffion. Which are 
preparatory to wbat follows, concerning the double 
roots of equations, the nature of which he expounds by 
means of luch properties of proportional quantities. 

Chop. 18 , JEquationum ancipitum conjlitutiva ; treating 
of the nature of the double roots of equations. Thus, 
if a, 6, c, d, See, be quantities in continual progreffion ; 
then, id, of equations affedted with the firft power. 

If BA — A* = Z; then B — a+l, Z=a4,& A=a or 4. 
If BA — A 3 = Z ; then B = a* + 4* + c *,.Z =: 
a (4*+c*), & A = a or c. 

And in general, if BA—A***; then B = a“ 4- 4* + e” 

Z = a (4* + <•"+</" --4*), and A—a 

or k the fird or lad term. Where the number of terms#", 
4", &c, in B is n 4 - 1 , and the number of terms in Z is w. 
2 d, For equations containing only the highed two 
powers. 

If BA*—A* = Z; then B = a + A+^»Z = a(4 + e)*, 
or n e («4*4)% and A = a +4, or 4 -f- c. 

If BA 3 — A 4 = Z; then B = a + t+c+d, Z =a(4 4 c 
+ J) 3 or=ff(a + 4 4 - c ) 3 ,and A=a 4-44- corssi+c + d. 
Anti, in general, if BA n — A " 41 =Z; 
then H=a + &+c - - - i i, 

Z = #(44>r - - - - 1) or — k (#4-4 4- c - * - - /), 
and A = a + 4 4 f - - - - i or = A 4- c-\-d .... 4, 
the fum of all except the lad, or fum of all except the 
fird ; where the number of terms in B is n+ 1 , and the 
number of terms in Z is n. 

3 d. Of equations affected by the intermediate powers. 
If BA’ — A 4 =Z; thenB =a* 4“ 4*,Z=a*4 z , & A 1 =a* or 4*. 
lfBA 1 —A® ==Z jthenB=a 3 4- 4*,Z =a 3 4 3 ,&A> =« 3 or4 J . 
lfBA 4 —A°=Z}thenB=a*4-4* 4 - r*, Z = a(4* 4- c*), 
and A* = a 4- 4 or 4 4* e. 

4 th. Of the remaining cafes. 

If BA*—A 5 = Z; 

then B=(<i4-4 ) 3 4-(44-f) 1 + a (^ + f )* or + + 4)*, 

and Z=B— (<*4-4 ) 3 . (#4-4)* 


or-( 4 +V )3 + rr f? 4 - 4 >* . (# 4 - 4 )*, 
and A —a 4- 4or44‘ f . 

If BA* -A 3 =Z 5 

then B=(a4-44-r) I 4- (44-^4''/)* — r(#4’4 4- r) 

or— i(6 + c + <4, 


and Z = B — (44-r4 - r/) , .(44*f + <f)* 


or=B— a + b+c)* • (a-{-6 + c ) 3 ; 
and A=a-i-44r or 4 4 .^ 4 -^* 

Chap. 19 . JEqualitatum cortnuUcentium conjlitutiva. 
Of the relation of equations of like terms, but the fign 
of one term ditferent; containing tliefe 5 theorems, viz, 

1 . If A*4-BA=Z,7 then B = 4—a, Z — ab\ 
andli* — BE=Z; y and A = a, E = 4. 


2. 


If AM-BA = Z, 
andE 4 -BE = Z; 


then B = (4 4 - dp — (a 4- f) J , 
Z=«(</*—A*) or=</(e 3 —a*) j 
and A = a, E = r/. 


S' 

4 * 


then B= 4 * 4- r/ s 4/ ; — a*—e 5 — c 
Z = a(A s 4 - if* 4- J s -c*—r*) 
* or=y(a 3 4 * e 5 4 - < s — 4 s — if 5 ) j 
and A = «, E ==/. 

tf as j. A As_7 1 theu 15 = i + d— a— c, Z — 

If A 4- BA _Z, I or = </(,_«)* ; 

andE 4 —BE* = Z; J and A = c — a, E = </—4. 


If A* 4 -BA=Z, 
andE*-BE=Zj 


5. If A«+BA**Z, | 
andE®—BE J =Z; 


then B =; i + J 

Z=4(44-</4-/-*-r)* 

' or=./(«.4*c +■ <f)*j 

and A = « 4 -r+v-» 4 —if, 
Es= 44* <f + /— f—r. 


C4a^. 20. JEqumUtatum inverfarum con/litutivm. 
Containing thefe fix theorems, viz, 

then B=e*—a 1 , Z=« («*— 4 *) 

• or sssc(4*—«*) j 
and A = a, E = c. 

then B=a 4 4- c 4 4 -e 4 —4*—rf 4 , 
. Z=a(c 4 4 - r 4 -4 4 — if 4 ) 

* ors=. (4 4 4*if 4 —a 4 —r 4 ) } 
and A — a, E=r. 


1 . If BA—A* = Z, 
andX*-BE = Z; J 


2 . If BA —A* =Z, 
and E* —BE=Zj J 

3. n ba.+a*=z, j r 

andBE* — E 3 =Z; J and A = 4—a, E=r—4. 


4. If BA 4 4-A s s=Z, 
andBE 4 —E*=Zj 


then B=# 4 -r + c—b—d, 
Zs xa(c 4 -e—4—<f ) 4 
or=e(4-J-if—a—r ) 4 j 
and A=6-t-d-a—c, 

E = r 4 -r—A— d. 


-) then B=(a+/) . (</— a), 

5 . If BA* 4 -A*=Z,I Z=(f-i)'B + (rf-a)s 

or = (e — 4) 3 B—(e—4)*j 
andBE 3 —E S =Z;J and A = d—a, E = e—4. 


6 . If BA* 4 -A*=Z, 
andBE*-E»=Z; 


then B=(a 4 - /) • (c — a)*, 

Z=B + (e—a ) 3 • (f—a)* 

or= B - • (tf- 4 )* 

andA=r — a, E = if—4. 


21. jf.’ia rurjus equalitatum inverfarum conjli¬ 
tutiva. In thefe two theorems: . 


’ then B=a* 4 - 4 *-j-r*, . •— 
l. If B*A—A 3 =Z, Z=(a 4 -r) 4 * or =a( 4 * 4 -e J ) 

or =; r(a* 4 - 4 *) ; 

andE 3 —B : A=Z;J and A r= acre, E—a4-c. 


■) then B=a 4 - 44 -r, 

2 . If BA*-A 3 =:Z, Z = (a4-44-f)4*or = 

a (4 4 - < ) s or =r(a 4 - 4 )* » 
andBE*4-E ,=r Z; J and A=.i 4 4 or 4 +e, E = 4. 


Next follows the id of the pieces publiflied by Alex¬ 
ander Anderfon, namely, 

T)e Emtndutionc JEquationum, in 14 chapters.. 

Chap. 1. Of preparing equations for their refolution 
in numbers, by taking away the 2d tcim ; by which 
a(Fc6ted quadratics are reduced to pure ones, and cubic 
equations affedlad with the 2d term are reduced to fuch 
as are affedted with the 3d only. Several examples 
of both forts of equations are given. He here too- 
remarks upon the method of taking away any other term 
out of an equation, when the higheit power is com¬ 
bined with that other term only ; and this Vieia effedts 
by means of the coefficients, or, as he calls them, the 
uncite of the power of a binomial. All which was 
alfo performed by Cardan for the fame purpofe. 

Chap. 2. lie tr.mji/iutationc —txaiw, qua rrmt- 

ditm eft adverfut vittum n «ationis. Concerning the 
transformations by changing the given root A for 
anothet root E, which is equal to the hoiaogeneum 

compara. 
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comparationii divided by the firft root A; by which 
meant negative terms are changed to affirmative) and 
radicals' are taken out of the equation when they are 
contained in the homogeneum comparationis. 

Chap. 3 , De Anaflrapke, /hewing the relation between 
the roots of correlate equations; from whence, having 
given the root of the one equation, that of the other 
becomes known ; and it confifl* of thefe following 8 
theorems, moftly deduced from the laft 4 chapters of 
the foregoing recognitio atqualionum. 


’• »d®*rBE=l;} "■'» EA-A> - E--B. 

'■™al‘+E«=i:} th '" <E+B)A-A*=BD +D=. 

3. If BA-A‘=Z,\then. E 3 A-E* A* + EA 3 -A 4 
and E*-BE=Z; J = E«-B. 

4. IfBA 4 —A S =Z, 1 then(BE* + E 3 )A—(BE + E*)A* 
andBE 4 + E»=Z; J +(B +E)A J - A 4 =BE J + E\ 

5 ‘ } *>'“ A ‘ - EA=B-E-. 

MdB e* i e’ =1:} ti,t ” a ’+< b - e > a = b e - E =- 


7 . If BA-A 3 =Z, 
andBE— E 3 =:Z; 


1 then A*+EA = B-E*. 


t. If BA* —A*-Z, 1 
andBE*—E 3 s=Z; J 


tlienA*+(E—B)A=BE—E*. 


Chap. 4 , De Ifomseria , adverfus vitium fraBionis. 
To take away fra&ions out of an equation. Thus, 


if A* + L A ss Z. Put A = -; then E* + BDE 
D d 

=ZD 3 . 

Chap. 5, De Symmetrica Climaltifmo adverfus vitium 
{fvpimetr'ue. To take away radicals or ftirds out of 
equations, byfquaring &c the other fide of the equation. 

Chap. 6. To reduce biquadratic equations by means 
of cubics and quadratics, by methods which arc fmall 
variations from thofe of Ferrari and Cardan. 

Chap. 7. The refolution of cubic equations by rules 
which are the fame with Cardan’s. 

Chap. 8. De Canonica aquationum tranfmutatione, ut 
coejficientes fuhgraduales ftrtt qua prajeribuntur. To 
tranfmute the equation fo that the coefficient of the 
lower term, or power, may be any given number, he 
changes the root in the given proportion, thus: Let 
A be the root of the equation given, - E that of the 
tranfmuted equation, B the given coefficient, and X 

B F. 

the required one j then take A = —, which fubfli- 

tute in the given equation, and it is done.—He com¬ 
monly changes it io, that X may be 1 ; which he 
sloes, that the numeral root of the equation may he 
the eafier found; and this he here performs by trials, 
by taking the neareft root of the highcfl power alone; 
and if that does not turn out to be the root of the 
whole equation, he concludes that it has no rational 
root. 

Chap. 9. To reduce certain peculiar forms of cubics 
to quadratics, or to fimpler forms, much tlu: fame as 
Cardan had done. Thus, 

Z 


i. If A*—iB*A » B* j then is A*—BA =s B*. 

а. If 2 B*A-A 3 ss B *; then is A* + BA s B*. 

3. If A*—3li*A = *B 3 » then is A = aB. 

4. IfaB*A—A 3 = zB 3 j then is A s= B. 

5. If A 3 — BA* + DA as BD; then is A = B. 

б . If A 3 -+* BA* - D*A = BD* 5 then is A = P. 

7. If BA* + D*A—A 3 as BD* ; then is A=H or=D. 

8. JfD*A + BDA-A 3 =B»;thenis(D + B)A-A*.-B* 
o.IFA 3 —DA* + BDA=B 3 ;thenis(D—B)A —A*=B* 
io. If A 3 —3BA=B v /aB ; then is A— ^/JB — 4/4 B. 
1 i. If 3BA-A 3 =B v'zB ; then is A= </{B-\Z\B- 

Chap. 10. SimiHum reduBionum continuatio. Being 
fomc more iimilar theorems, when the equation is al - 
fcdled with all the powers of the unknown quantity A. 

Chap, j t, 12, 13 relate alfo to certain*peculiar form* 
of equations, in which the root is one of the terms of 
a certain ferics of continued proportionals. 

Chap. 14, which is the laft in this tradt, contains, in 
four theorems, the general relation between the roots of 
an equation and the coefficients of its terms, vvhcu all 
its roots are pofitive. Namely, 

1. If B -f D . A —A* = BD ; then is A = B or D. 

2. If A 3 —B — Ij — tj • /\* + BD + lili + l>0 • 

A = BDG; then is A = B or D or G. 

3. If BDG+BDH -+• BGH + D6H • A - BD- 

BG - B H - DG“DH ^GH. A* + B + D + G + H 

• A 3 — A 4 = BDGII; then isA=B or 13 orG or H. 

4. If A 3 -B-D-G-ir^K. A 4 TB1) + BG _ + 

BH + B K + DG + DH + D K + GT 1 + G K + HE 
. A 3 -BDG- BDH-BDK - BGH - BGK 
HbTTK- DGH-DGK=l)HK-GHK • A* 

4-BDGH + EDGK + BDHK +BGHK + 13GHK 

• A=BDGHK ; then is A = B or D or G or 
H or K. 

And from thefe laft 4 theorems it appears that Vieta 
was acquainted with the compofition of thefe equations, 
that is, when all their roots are pofitive, for lie never 
adverts to negative roots ; and from other parts of the 
work it appears that he was not aware - that the fame 
properties will obtain in all forts of roots whatever. 
But it is not certain in what manner he obtained 
thefe theorems, as he has not given any account of 
the invciligations, though that was ufually his way 
on other occafious; but he line contents himfclf with 
barely announcing the theorems as above, and for this 
flrange reafon, that he might at length bring his woik 
to a conclufion. 

To this piece is added, by Alexander Audcrfon, 
an Appendix, containing the conftrudtion of the cubic 
equations by the trifcdtion of an angle, and a demon- 
ft rat ion of the property referred to by Vieta for this 
purpofe. 

De Numerofa Poteftatum Purarum Refolutione, Vieta 
here gives fome examples of extradting the roots of 
pure powers, in the way that had been long before 
pra&ifcd, by pointing the number into periods of 
figures according to the index of the root to be cx- 
tra&ed, and then proceeding from one period to another, 
in the ufual way, 

De 
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JDe Kumero/a Poieflatum adfcRanm Re/oluticne. And 
here, in dole imitation of the above method for the 
roots of pure powers, Vieta extracts thofe of adfe&ed 
ones; or finding the roots of affe&ed equations, placing 
always the homogeneum comparationis, or abfolute 
term, on one fide, and all the terms affedted with the 
unknown quantity, and their proper figns, on the 
other fide. The method is very laborious, and is but 
little more than what was before done by Stevinus on 
this fubjedt, depending not a little upon trials. The 
examples he ufes are fuch as have either one or two 
roots, and indeed fuch as are affe&ed commonly with 
only two powers of the unknown quantity, and which 
therefore admit only of thofe two varieties as to the 
number of roots, namely according as the higher of 
the two powers is affirmative or negative, the homo¬ 
geneum comparationis, on the other fide of the equa¬ 
tion, being always affirmative ; and he remarks this 
general rule, if the higher power be negative, the 
equation has two roots ; otherwife, only one ; that is, 
affirmative roots ; for as to negative and imaginary ones, 
Vieta knew nothing about them, or at lead he takes 
no notice of them. By the foregoing extraction, 
Vieta finds both the greater and lets root of the two 
that are contained in the equation, and cither of them 
that lie pleafes; having firll, for this purpofe, laid 
down fume obfervations concerning the limits within 
which the two roots are contained. Alfo, having 
found one of the roots, he (hews how the other root 
may be found by means of another equation, which 
is a degree lower than the given one ; though not by 
deprefliug the given equation, by dividing it as is now 
done ; but from the nature of proportionals, and the 
theorems relating to equations, as given in the former 
tradts, he finds the terms of another equation, different 
from that lafl mentioned, from the root See of which, 
the 2d root of the original equation may he obtained. 

In the courfe of this work, Vieta makes alfo foinc 
obfervations on equations that are ambiguous, or have 
three roots; namely, that the equation iC—6Qj+- 
1 iN = 6, or as we write it -v 1 — C.x z + 1 la- — 6 is am¬ 
biguous, when the ad term is negative, and the 3d 
term affirmative, and when 3 of the fqiiare of 6 the 
coefficient of the 2d term, exceeds 11, the coefficient 
of the 3d term, and has then three roots. Or in ge¬ 
neral, if -v 3 —nx i H- bx — c, and />, the equation 

is ambiguous, and has three roots. He thews alfo, 
from the relation of the coefficients, how to find whe¬ 
ther the roots are in arithmetical progrelfion or not, 
and how far the middle root differs from the extremes, 
by means of a cubic equation of this form x*—ba ~ c. 
lu all or moil of which remarks he was preceded by 
Cardan.—Vieta alfo remarks that the cafe a3 — 9 a®- f- 
24*.-.-20, has three roots by the fame rule, viz, 2, 2, 5, 
but that two of them are equal. And farther, that 
when a 1 is = b, then all the three roots are equal, as 
in the cafe a- 3 — fi.v 1 + I aar = 8, the three roots of 
which are 2, 2, 2. But when 3** is lets than b t the 
cate is not ambiguous, having hut one root. And 
when ab = c, then a ~ x is one root itfelf. 

Many curious notes are added at the end, with re¬ 
marks on the Method of finding the approximate roots, 
when they are not rational, which is done in two 
ways, in tinuutiou of the lame thing in the extraction 


of pure powers, viz, the one bv forming a fiiwoz 
of the remainder after all the figures of'the 'homo* 
geneum comparationis are exhaufted; the other by in* 
creaftng the root of the equation in a to fold, or too 
fold, &c, proportion, and then dividing the root which 
refults by 10, or 100, &c: and this is a decimal ap¬ 
proximation. AndVieta obferves that the roots will he 
increafed 10 or 100 fold, &c, by adding, the corre- 
fponding number of ciphers to the coefficient of the 
2d term, double that number to the 3d, triple the 
fame number to the 4th, and fo on. So if the equa¬ 
tion were 

iC + 4Q + 6N=8, 

theniC+4oQj-6ooN=8ooo will have its root to fold, 
and iC 4-4CoC^+6ooooN=:8oooooowillliaveitioofold. 

Befidcs the foregoing algebraical works, Vieta gave 
various conltrudtions of equations by means of circles 
and right lines, and angular fe&iona, which may be 
conftdered as an algebraical tradl, or a method of ex¬ 
hibiting the roots of certain equations having all their 
roots affirmative, and by means of which he rcfolvcd 
the celebrated equation of 45 powers, propofed to all 
the world by Adrianus Roman us. 

Having now delivered a particular analyfis of Vieta’s 
algebraical writings, it will he proper, as with other 
authors, to collect into one view the particulars of his 
more remarkable peculiarities, inventions, and improve¬ 
ments. 

And fufl it may be obferved, that his writings 
(hew great originality of genius and invention, and 
that he made alterations and improvements in moll 
arts of algebra; though in other parts and refpedts 
is method is inferior to fomc of his prcdeccffors j 
as, for inftance, where he neglcdls to avail himfvlf of 
the negative roots of Cardan; the numeral exponents 
of Stiftlius, inHead of which he ufes the namcs.of the 
powers themfclves ; or the fractional exponents of &ts- 
vinus; or the commodious way of prefixing the co¬ 
efficient before the quantity or fadtor; and fuch like 
cireumffances ; the want of which gives his Algebra 
the appearance of an age much earlier than its own. 
But his real inventions of things before not known, 
may be reduced to the following particulars. 

ill. Vieta introduced the general ufe of the letters 
of the alphabet to denote indefinite given quantities ; 
which had only been done on fomc particular occafitms 
before his time. But the general ufe of letters for 
the unknown quantities was before pretty common 
with Stifeliusand his fucceffots. Vieta ufes the vowels 
A, E, 1, O, U, Y for the unknown quantities, and the 
confonants li, C, I), &c, for known ones. 

2d. He invented, and introduced many expreffions 
or terms, fevcral of which arc in ufe to this day: 
fuch as coefficient, affirmative and negative, pure and 
adfedted or affedted, uneur, lioinogcneuin adfedtiuni.', 
homogeneum comparationis, the line or \iuculum over 

compound quantities thus A + B. And his method of 
fetting dov n his equations, is to place the homogeneum 
comparationis, or abfoltiLC known term, on the right- 
hand lide alone, and on the other fide all the terms 
which contain the unknown quantity, with their proper 
figns. 

3d. In mod of the rules and reductions for cubic and 

other 
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other equations, he made fome improvements, and va¬ 
riations in the modes. 

4th. He (hewed how to change the root of an equa¬ 
tion in a given proportion. 

y. He derived or raifed the cubic and biquadratic, 
&c equation.!, from epiadratics; but not by compo¬ 
sition in Harriot's way, but by fquaring and otherwife 
multiplying certain parts of the quadratic. And as 
ionic quadratic equations have two roots, therefore the 
cubits and others raifed fioni them, have alfo the fame 
two roots, and no more. And hence he comes to 
know what relation their two mots bear to the co¬ 
efficients of ibe two lowed terni3 of cubic and other 
equations, when they have only 3 terms, namely, by 
comparing them with iimilar equations to raifed from 
quadratics. And, on the contrary, what the rootB are, 
in terms of fnch coefficients. 

6. He made fomc obfervations on the limits of the 
two roots of certain equations. 

7. He dated the general relation between the roots 
of certain equations ant! the coeflicicnts of its terms, 
when tlu- terms are alternately plus and minus, and 
none of them are wanting, or the roots all poiitivc. 

S. He extracted the roots of a defied equations, by a 
-tmthod <>! approximation fimilarto tliat for puie power:;. 

<). He gave tire conftrn&ion of certain equations, 
and exhibited their roots by means of angular ft cl ions ; 
before adverted to h\ Bombclli. 

OF AI.SERT GIRARD. 

Albert Girard was an ingenious Dutch or Flemifh 
mathematician, who died about the year tG33. He 
publilhed an edition of Slevinus’s Arithmetic in 1625, 
augmented with many notes; and the year after his 
death was publifhed hv Ids widow, an edition of the 
whole works of Stevinus, in the fame manner, which 
Girard had left ready for the prefs. But the work 
winch entitles him to a particular notice in this hiftory, 
is his “ Invention Now elk cn I'sllgrbre, tan/ four la fo- 
lution ties equations, que four reeognoijlrc It notnbre tiesfo- 
lulit.m qu'tiles reqoiver.t, aver phi/irurs chafes qui font ne- 
Cejfaires a !a perfeiiion de cejte divine fcience which 
was printed at Amftcnlam 16*9, in fmall quarto in 
63 pages, viz, 49 pages on Arithmetic and Algebra, 
and the left on the meafure of the fuperfiries of 
fpherical triangles and polygons, by him then lately 
difeoveted. 

In this work Girard firfl premifes a (hort traft on 
Arithmetic ; in the notation of which he has fomc- 
thing peculiar, viz, dividing the numbers into the 
ranks of millions, billions, trillions, Sic. 

He next delivers the common rules of Algebra, both 
in integers, fractions and radicals; with the nota¬ 
tion of the quantities and figus. In this part he ufes 
fometimes the letters A, B, C, &c, after the man¬ 
ner of Vieta, but more commonly the charadlers of 
Stevinus, viz, (T), Q, Q, Sic, for the powers of the 

unknown quantity, with their roofs (f), (T), (I), (T), Q, 
(fee, ufed by Stevinus; and fometimes the more unial 
marks of the roots as, or 4 /, %/, Sue -; prefixing 

the coefficients, as 6(2), or 3^/32, or 2©. In the 
figns he follows his prcdeccffors to far as to have + for 
plus, — or ~ for minus, — for general or indefinite 
difference, A + B for the fum, A - B or A r B-for 
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the difference, AB the product, and j- for the quotient 

of A and B. He ufes the parenthefes ( ) for the 

vinculum or bond of compound quantities, as is now 
commonly pradtifed on the continent; as A(AB + Bq), 
or ^/(A cub. — 3AqB); and he introduces the new 
characters ff for greater than, and § for left than ; but 
he ufes no character for equality, only the wotd itfelf. 

Girard gives a new rule tor extiailing the cube root 
of binomials, which however is in a good meafure ten¬ 
tative, and which he explains thus: To extract the cube 
root of 72 + 4/5 1 zo ‘ 

The fquares of the terms ^ 

their difference 64, and it a 
cube root 4. Which (hews that the difference be'ween 
the fquares of the terms required is 4$ and the .- it .on! 
part 72 being the greater, the greater term cl ihe r ict 
will be rational alfo ; and farther, that the grt.ites i- 1 i.r. 
of the power and root aie conimeiifmrl.le, a:- am il •, 
two lefs terms. Then having made a table a.- . tin- 

margin, where the fquare o‘‘ the l.tkr 1 

2 + 4/ O term always exceeds that of the oilier, by tin. 

3 +v'j number t above mentioned, one i.f tbcie ln- 

4 + 4/12 nomials mu!' bi the cubic root foi.gli*. it tii - 

5+ 21 given quantity have filch ;i loot, and il n.r.t 

be one of tlrrte fonrfoims, lor it isl.novu 
to be carried far enourh In obfcTving that the 1 iiijr 
root of 721s lels t'c , and the cube root ui yic j 
lefs than 21 ; indeed, t. 1-. being the cafe, the lull bino¬ 
mial is exclu led, as evidently too great , ami 1..1 *i-tV 
is excl"ded beeaufe one of its terms i.o; there foie 
the root mult be cither 3 + 4/5 or 4 + v 1 ’■ And to 
know whether of thcle two it mult In-, try >. loch or 
them has its two terms exact elivilors of I lie cone fpoiid- 
ing terms of the given quantity ; then it is found that 
3 and 4 arc both divifors of 72, but that only 5, and 
not 12, is a divifor of 5120; therefore is 1. 

root fought, which upon trial is found 10 anlwer. It 
is remarkable here that Girard ufes 44- v"?o inlbad i.f 
4+ and 5+ 4/29 in (lead of 5 + 4' ’O, coi.tmry to 
his own rule. 

Girard then gives diftindt and plain rules for bringing 
queitions to equations, and for the reduction «jf thole 
equations to their fimpleli form, for fohition, l>v the ufua! 
modes, and alfo by the way called by Vieta If,merits, 
multiplying the terms of the equation by the terms of 
a geometrical progrtffion, by which means the roots arc 
altered in the proportion of 1 to the ratio of the pro- 
greftion. He then treats of the methods of folding 
the roofs of the feveral forts of equations, quadratic, 
cubic, See ; and adds remarks, on the proper number of 
conditions or equations for limiting queftions. The 
quadratics are refolved by completing the fquare, and 
both the politive and negative roots arr taken ; anti he 
obferves that fometimes the equation is impoifiblc, as * 
eqti. b V) — 25, whole roots, he adds, arc 3 + 4/ — 16 
and 3 — 4/ — 16. 

The cubic equations he rcfolves by Cardan’s rule, 
except the irreducible cafe, which he the firil of any 
refolves by a table of fines ; the other cafes alfo he re- 
folves by tables of fines and tangentb ; and adds geo¬ 
metrical conflrudtious by means of the hyperbola or the 

trifedlion 
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trife&iou of angles. He next adds a particular mode 
of nrfolving all forts of equations, that have rational 
roots, upon the principle ofutbe roots being divifora of 
the lail or abfolute term, as before mentioned by Pele- 
tarius; and then gives the . method of approximating 
to other roots that are not rational, much the fame way 
as Stevinus. 

Having found one root of an equation, by any of the 
former methods, by means of it he deprefTcs the equation 
one degree lower, then finds another’ root, and fo on 
till they are all found ; for he fhc-wa that every algebraic 
equation admits of as many folutioos or roots, as there 
are units wt the index of the highefl power, which 
roots may be either pofitive or negative, or imaginary, 
or, as he calls them, greater than nothing, or lets than 
nothing, or involved ; fo the roots of the equation 1® 
equ. 7, 0 — 0, are 2, t, and — 3 j and the roots of the 
equation 1© cqu. 4® — 3 are 1, 

»> 

— H-v'-i, 

— 1 — —1. 

In c’ •prdfing an equation to lower degrees, lie docs 
not ufi. the method of refolution of Harriot, but that 
which is derived from the general relation of the roots 
and coefficients of the terms, which he here fully and 
ur.lvcrfuliy Hales, viz, that the coefficient of the id term 
is equal to the fum of all the ev ts ; that of the 3d 
term equal to the fum of all wn prodi' Is of the roots, 

1 ,»ken two by two ; that of tii i‘n terr-, the fum of 
the products, taken three by three , .md fo on, to the 
lait or abfolute tcim, which is th^. continual produ£l.,i#f 
all the roots • • property which was before ftaied by 
Vktn, as to .if equations that have all their roots pofi- 
live ; ami here extended by Girard to ail forts of roots 
whatever : but how either Vieta or he came b\ this pro¬ 
perty, no where appears that I know-of. From this 
gri al property, among other deductions, Girard fliews 
1. >w to find tin’ fums of the powers of the roots of an 
equation ; thus, let A, 15 , C, D, &c, be the ift, ad, 3d, 
4th, cm Ific'cnt, after the fn ft term, or the fums of 
the produels t;> ! en one by one, two by two, three by 
three, Sic ; then, in all loits of equations, 

a i -s u r ukhs » 

Aq — 2B „ ~ fquarcs, 

A cub. — 3AB + 3C cubes, 

Aqq — qAqB H-qAC + zBcj —-4!) J .3 hiquadrates. 

Giraid next explains the life of negative roots in 
Geometry, (hewing that they reprefent lines only 
drawn in a direction contrary to tlioie repiefenting the 
pofitive roots; and he remarks that this is a thing 
hitherto unknown. He then tcrmiiriUs the Algebra 
by fome quellions having two or more unknown quan¬ 
tities ; and fubjuinr. to the whole a tract on the lncii- 
fuiation of the furfaees of fphericul triangles and poly¬ 
gons, by him lately difeovered. 

From the foregoing account it appears that, 
iff. He was the firil ptrfon who undei flood the general 
An’drineof l he format ionof theco'flioients of the powers, 
from the futns of th.eir roots, and their produffs, &c. 

zd, He was the firfl who underflood the ufe of ne¬ 
gative roots in the folution of geometrical problems. 

3d, He was the Tu fl who fpokc of the imaginary roots, 
and underflood that every equation might have as many 
roots real and imugisarv, and no mote, as thetc aie 
Vot.. I. 


units in the index of the high ell power. And he wn 
the firil: who gave the whimfical name of Quantities left 
than nothing to the negative. And, 

4th, He was the firil who difeuvered the. rules for 
fuinming the powerstijkf the roots of any equation, 

OF HARRIOT. 

Thomas Harriott a celebrated aftronomer, pbilofo- 
pher, and mathematician, flourifhed about the year 16 to, 
about which time it is probable he wrote his Algebra, as 
he was then, and iiad been for many years before, 
celebrated for his mathematical and allronomical la* 
bours. Igt that year lie made obfervations on the fpots 
in the fun, and on Jupiter’s fatcliitea, the fame year aUo 
in which Galileo firil obferved them: he left many 
other curious agronomical obfervations, and amonglt 
them, fome on the remarkable comets of the years 160.7 
and 1618. His Algebra was left behind him unpublifhed, 
as well as thofe other papers, at his death, which hap* 
pened inathc year 1621, being then 60 years of age, and 
but fix years after the firil publication of the principal 
parts of Vieta’s Algebra by Alexander Anderfon 5 fo 
that it is probable that Harriot's Algebra was written 
before this time, and indeed-that he had never feen thefe 
pieces. Harriot’s Algebra, was publifhed by his friend 
Walter Warner, in the year 1631: and it yould doubt* 
lefs be highly grateful to the learned in thefe fciences, 
if his other curious algebraical and ailronomical work* 
were publifhed from his original papers in the pofleffion 
of the Earl of Egremont, to whom they have defeended 
fiom Henry Percy, the Earl of Northumberland, that 
noble Maecenas of his day. The book is ia folio, and 
intiilcd Artis • Analyticx Praxis , ad JF.quationes Algo~ 
Iraicas nova, expedita, & general's methodo, refolvendas ; 
a work in all parts of it (hewing marks of great geaiua 
and originality, and is the firft inflance of the modern 
form of Algebra in which it has ever fince appeared. 
It is prefaced by 18 defiuitions, which are thefe: ift, 
Logiuica Speciofa ; 2d, Equation; 3d, Synthefia; 

4, Analyfis ; 5, Cumpoiition and Refolution ; 6, Form¬ 
ing an Equation ; 7, Reduction of an Equation ; 8, Ve¬ 
rification ; 9, Numerofa & Speciofa ; 10, Excogitata j 
11, Refolution ; 12, Roots ; 13 and 14, The kinds and 
generation of equations by multiplication, from binomial 
roots or factors, called original equations, 
as a + h j = aa -f- la 

a — »' I — ca — he, 

or a + b — asm + baa q- Ira 
a ■+ r + caa — Ida 

a — d — da a—(da —bed, 

where he puts a for the unknown quantity, and the 
fmall confounnts, b, e , d, Pec, for its literal values or 
roots; 15, The firft form of canonical equations, which 
are derived from the above originals, by tranfpofing 
the homogencum, or abfolute term, 
thus aa + ba 

— 11J =r -}- be, kc ; 

1 6, The fecondary canonicals, formed from the pxH- 
mary by expelling the rd term, 
thus aa—+ lb, 
or ana — lb a 

— bra 

— ccj ~ -f- lie 

4 - Li ; 


N 
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17, That thefe arc called canonical*, becaufe they are 
adapted to canons or rules for finding the numeral roots, 
&c. 18, Reciprocal equations, in which the homo* 
geneum is the product of the coefficients of the other' 
terms, and the firlt term, or higheft power of the 
root, is equal to the product of t HP powers in the other 
terms, ns aaa — caa + Iba ss -f- bhc. 

After thefe definitions, the work is divided into two 
principal parts ; lit, of various generations, reductions, 
and preparations of .equations for their refolution in the 
ad port. The former is divided into 6 feCtions as fol¬ 
lows. 

SeS. I. Logiftices Speciift, exemplified in the 4 oper¬ 
ations of addition, fubtradtion, multiplication, and di- 
vifion ; as alfo the reduction of algebraic fractions, and 
the ordinary reduction of irregular equations to the 
form proper for the refutation of them, namely, fo that 
all the unknown terms be on one fide of the equation, 
and the known term on the other, the powers in the 
terms ranged in order, the greateft iirft, and thf firlt or 
higheit power made pofitive, and freed from its co¬ 
efficient j as aa + ba == cd, 

or aaa -\-bna —eda = — c*d. 

In this part he explains foine unufuai characters which 
ke introduces, namely 

=s for equality, ns a =. b. 

> for majority, as a >b, 

< for minority, as a < b ; 

hut the firlt had been before introduced by Robert 
Recorde. > 

SeS. 1. The generation of original equations from 
binomial faCtors or roots, and the deducing of canoni¬ 
cals from the originals. He fuppofes that every equa¬ 
tion has as many roots as dimeniions in its higheit 

C ower; then fuppofing the values of the unknown 
Her A in any equation to be b, c, d, f. See, that is a=b, 
aitt t~a — c, and a = d, Sic ; by tranfpolition, or equal 
fubtraCtion, thefe become a—b = o, and a—c = o, .and 
a —d — o, Sic, or the fame letters with contrary iigns, 
for negative values or roots; then two of thefe binomial 
faCtors multiplied together, gives a quadratic equation, 
three of them a cubic, four of them a biquadratic, and 
fo on, with all the terms on one fide of the equation, 
and O on the other fide, fmre, every binomial faClor 
b.cing = o, the continual produCt of all of them mult 
alfo be 5^ b. Thus, 

a + b = aaa -f- baa + bra 
a + c ~h caa — bda 

a —d — daa — eda—bed ~ o 

an original equation, 
and aaa -f baa + be a 

-f- caa — bda 
— daa — eda ~ 4 . bed 

its canonical, deduced from it. And thefe operations 
are carried through all the cafes of the 2d, 3d and 4th 
powers, as to the varieties of the ligns 4- and —, aiul 
the proportions of the roots as to equal and unequal, 
with the reciprocals, &c. From which are made evi¬ 
dent, at one glance of the eye, all the relations and 
properties between the roots of equations, and the co¬ 
efficients of the terms. 

SeS. 3, JEquationum canonicarum Jecundariarum a 
frimariit reduSio per gradtts alicujuj paradid fublatiuncm 


radict fufipo/itUia invariata matunte. Containing a great 
many examples of preparing equations by taking away 
the 2d, 3d, or any other of the, intermediate terms, 
which is done by making the pofitive coefficients in 
that term, equal to the negative ones, by wjiich means 
tlie whole term vanifhes, or becomes equal to nothing. 

They are extended ns far as equations of the jth 
degree; and at the end are collcdtd, and placed in 
regular order, all the fecondary canonicals, fo reduced, 
fo that by the uniform law which is vifible through 
them all, the feries may be continued to the higher de¬ 
grees as far as we pleafe. 

SeS. 4. JEquationum canonicarum tam ptkpariarum, 

i mam /ecundariarum , ra;fiam defignatio. A great many 
itetal equations arc here fet down, and their roots af- 
Jigned from the form of the equation, that is all their 
pofitive roots; for their negative roots are not noticed 
here ; and it is every where proved that they cafinot 
have any more pofitive roots than thefe, and confe- 
quently the rdt are negative. That thofe are roots, lie 
proves by fubllituting them inficad of the unknown 
letter a in the equation, when they make all the terms 
on one fide come to the lame thing as the homogeucuui 
on the other lidc. 

St ft. 5, In qua tcqualionum communium per canonicarum 
erquipollentiam , radicum numerus detennbuiur. On the 
number of the roots of common equations, that is the 
pofitive roots. 'Phis Harriot determines by comparing 
them with the like cafes found among his canonical 
forms, which two equations, having the fame number of 
terms with the fame ligns, and the relations of the co- 
d(fcicnts and homogenenm correspondent, he calls cqui- 
pollents. And whatever was the number of pofitive 
roots ufed in the compofition of the canonical, the 
fame, he infers, is the number in the propofed common 
equation. It is remarkable that in all the examples 
here ufed, the number of pofitive roots isjtill equal to 
tlie number ot the changes in the figns from + to — 
and from — to +, which is acircumftance, though not 
here exprefsly mentioned, that could not efc.ipe the 
obfervation, or the eye, of any one, much hfs of fo 
clear and eomprelienfive a light as that of Harriot. 
In this feition arc contained many ingenious ditqui- 
fitioiis concerning the limits and magnitudes of quan¬ 
tities, with fcvcral curious lemmas laid down to dc- 
inoidlrnte the propofitions by, which lemmas are tliem- 
felves dcmonflraled in a pure mathematical way, from 
the magnitudes themfelves, independent of geometrical 
figures; fuch as, 1, If a quantity be divided into any 
two unequal parts, the fquare of half the line w ill be 
greater than the product of the two unequal parts. 
S, In three continued proportionals, the ftim of the 
extremes is greater than double the mean. 3, In four 
continued proportionals, the Turn of the extremes is 
greater than the fum of the two means. 4, In any 
two quantities, one-fourth the fquare of the fum of the 
cubes, is greater than the cube of the product of the 
two quantities. 5, Of any two quantities q and r, then 
,V (77 + qr -f- rr ) 3 > (qqr+qrr) % . 6, If any quan¬ 
tity be divided into three unequal parts, the fquare of 
| of the whole quantity is greater than j of the fum of the 
three produds made of the three unequal parts. 7, Alfo 
the cube of the $ part of the whole, is greater than the 
folid or continual pjrodudl of the three unequal parts. 

2 SeS. 
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ScS. 6. JEquationum communium reJuRio ter gradus 
mUtujut parodici exclufionem lit radieis fuppqfititt * tnuia- 
tionem. Here are a great many examples of reducing 
and transforming equations of the ad, 3d, and 4th de¬ 
grees ; chiefly either by multiplying the rpotS of equa¬ 
tions in shy proportion, as was done by Victn, or in* 
crealing or dimiuifliing the root by a given quantity, 
after the manner of Cardan. The former of thefe re¬ 
ductions is performedby multiplying the terms of the 
equation by the correfponding terms of a geometrical 
progreflion, the 111 term being 1, and the 2d term the 
quantity by which the root is to be multiplied. And 
the other reduction, or transforming to another root, 
which may be greater or lefs than the given root by a 
given quantity, is performed commonly by fubflituting 
e + or — l for the given root a, by which the equation 
is reduced to a fimpler form. Other modes of fubili- 
tution arc alfo ufedj one of which is this, viz, fubftituting 
ee dt lb W ... 

■—or f ± - For the root a in the given equation 

aaa qp 3 .bba = 2.ere, by which it reduces to this qua- 
dratic form e 6 rp 2c 3 <• 3 = — b 6 , from whence Cardan’s 
forms are immediately deduced; namely e = ^3) c 3 

— t/c 6 ± b 6 , and therefore a or r ± j = »/ 3) c* + 

4/c 6 ± ± */.!) r 3 — \A 8 ± b 6 ; where he denotes 

tne cube or 3d root thus \/$), but without any vincu¬ 
lum over the compound quantities. 

In this fedtion, Harriot makes various remarks as they 
occur: thus he remarks, and demonilrates, that tee — 
3 %bbt — —ccc 

—2Mb is an impoflible equation, or has no 
affirmative root. He remarks alfo that the three cafes 
of the equation aaa — 3 .bba — -f- 2 .ccc are fimilar to 
the three conic fcCtions; namely to the hyperbola when 
e > b, to the parabola when c sr b, or. to the cllipfis 
when c < l, and for which rcafon this cafe is not ge- 
, nerally refolublc in fpecies. 

Having thus Ihewn how tb limplify equations, and 
prepare them for folution, Harriot alters next upon the 
Second part of his work, being the 

Excgttice Numerofa , 

or the numeral refolution of all forts of equations by a 
general method, which is exemplified in a great number 
of equations, both fimple and affcCted as far as the 5th 
power indufive; and they ire commonly prepared, by 
the foregoing parts, by freeing them from their 2d term, 
&c. Thefe extractions are explained and performed in 
2 way different from that of Vieta; and the examples 
are firlt in pcrfcCt or terminate roots, and afterwards for 
irrational or interminate ones, to which Harriot ap¬ 
proximates by adding always periods of ciphers to the 
given number or refolvend, as far as neceflary in deci¬ 
mals, which are continued and fet down, as fuch, but 
with their .proper denominator to, or loo, or 1000, &c. 

He then concludes the work with 

Canones DirtHorii , 

which form a collection of the cafes or theorems for 
making the foregoing numeral extractions, ready ar¬ 
ranged for ufe, under the various forms of equations, 
with the faCiors neceflary to form llw fcvcral refolvends 
and fubtrahends. 
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And from a review of the whole work, it appear* 
that Harriot’s inventions, peculiarities, and improve-, 
ments in algebra, may be comprehended in the follow¬ 
ing particulars. 

in. He introduced the uniform ufe of the ftriall let¬ 
ters a, b, c, d. See, viz, the vowels a, e, Stc for unknow* 
quantities, and the confonants 6 , c, d, f. See for the 
known ones; which he joins together like the letters of 
a word, to reprefent the multiplication or produCt of 
any number of thefe literal quantities, and prefixing the 
numeral coefficient as we do at prefent, except only 
feparated by a point, thus $.bbc. For a root he fet the 
index of the root after the mark a /; as ^3) for the 
cube root. He alfo introduced the characters > and < 
for greater and lefs; and in the reduction of equations, 
lie arranged the operations in feparate flops or lines, fet- 
ting the explanations in the margin on the left hand, 
for each line. By which, and other means, he may be 
confidcrcd as the introducer of the modern Hate of Al¬ 
gebra, which quite changed its form under his hands. 

2d. He fhewed the univerfal generation of all the 
compound or affeCted equations, by the continual mul¬ 
tiplication of fo many fimple ones, or binomial roots; 
thereby plainly exhibiting to the eye the whole circiim- 
flances of the nature, myllcry and number of the root* 
of equations; with the compoiition and relations of the 
coefficients of the terms ; and from which many of the 
mo ft important properties have fince been deduced. 

3d. He greatly improved the numeral exegefis, or 
extraction ot the roots of all equations, by clear and ex,, 
plicit rules and methods, drawn from the foregoing 
generation or compoiition of affeCted equations of m 
degnees. 

or oughtred’s clavis. 

Oughtred was contemporary with Harriot, bnt lived 
a long time after him. His Clavis was firft publifli&Hn 
1631, the fame year in which Harriot’s Algebra wa» 
published by his friend Warner. In this work, Ough¬ 
tred chiefly follows Vieta, in the notation by the capi¬ 
tals A, B, C, D, See, in the defignation of products, 
powers, and roots, though with fomc few variations* 
His work may be comprehended, under the following 
particulars. 

1. Notation. This extends to both Algebra and 
Arithmetic, vulgar and decimal. The Algebra chiefly 
after the manner of Vieta, as abovefaid. And he fepa- 
rates the decimals from the integers thus, 2 which 
is the firft time I have obferved fuch a reparation, and 
the decimals fet down without their denominator. 

2. The common rules or operations of Arithmetic 
and Algebra. In algebraic multiplication, he either 
joins the letters together like a word, or conneCls them 
by the mark x, which is the firft introduction of this 
character of multiplication : thus A X A or AA or 
Ay. But omitting the vinculum over compound fac¬ 
tors, ufed by Vieta. He introduces here many neat 
and ufeful contractions in multiplication and divilion of 
decimals: as that common one of inverting the multi¬ 
plier, to Iiave fewer decimals, and abridge the work ; 
th;it of omitting always one figure at a time, of the 
divifor, for the fame pu r pofe ; dividing by the compo- 
ncnt.faCtors of a number jnftead of the number itfelf; as 
4 and 6 for 24 ; and many other neat contractions. He 
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dates bis proportions thus 7.9 : : *8.36, and denotes 
continued proportion thus ~ ; which is the firft time I 
have obferved theft - characters. 

3. ' Invents and deferibes various fymbolical marks or 
abbreviations, which arc not now ul’cd. 

4. Thegcncjis and anatyjis of pouters. Denotes powers 

like Vieta, and alfo roots, thus \/czo t ^qqi\, 

&c} and much in his manner too performs the numeral 
extraction of roots. He here gives a table of the pow¬ 
ers of the binomial A + E as far »s the loth power, 
with all their terms and coefficients, or unciae as he calls 
them, after Vieta. 

5. Equations. He here gives exprefs and particular 
directions for the feveral forts of reductions, according 
as the form of the equation may require. And lie ufes 
the letter u after */, for univerfai, inflead of the vin¬ 
culum of Vieta. And obferves that the figus of all the 
terms of the powers of A + E are pofitive, but thofe 
of A - E arc alternately pofitive and negative. 

6 . Next follow many properties of triangles and 
Other geometrical figures; and the firft inftance of ap¬ 
plying Algebra to Geometry, fo as to invelligate new 
geometrical properties ; and after the algebraical refo- 
Kition of each problem, he commonly deduces and gives 
• geometrical couftrudioii adapted to it. He gives alfo 
a good trafi on angular fcCtions. 

7. The work concludes with the numeral refolution 
of afiiefted equations, in which he follows the manner of 
Vieta, but he is more explicit. 


Or DESCAETES. 

, .Dcfcartes’s Geometry was firft published in 1637, 
Ming fix years after the publication of Harriot’s Al¬ 
gebra. That work was rather an application of Algebra 
to Geometry, than the fcience either of Algebra or Geo¬ 
metry itfelf, purely and properly fo called. And yet 
he made improvements in both. We mull obferve 
however, that all the properties of equations. Sec, 
which he fets down, are not to be confidered as even 
meant by himfelf for new inventions or difcoverics j 
but as ftatements and enumerations of properties, before 
known and taught by other authors, which lie is about 
to make fume ufe or application of, and for which rea¬ 
son it is that he mentions thofe properties. 

Defcartes’s Geometry coniifts of three books. The 
firft of thefie is. Dr Problematilu :, qua cotdlrui pojfunt , 
adltibindo iantum rellas liucas circulos. He here ac¬ 
commodates or performs arithmetical operations by 
Geometry, fuppofing fome line to reprefent unity, and 
then, by means of proportionals, fhewing how to mul¬ 
tiply, divide, and extrad roots by lines. He next de¬ 
scribes the notation he ufes, but not becaufe it is a new 
one, for it is the fame as had been ufed by former au¬ 
thors, viz, a ■+■ b for the addition of a and b, alfo a — b 


for their fubtra&ion, ab multiplication, — divifion, aa 


ora* the fquarc of a, a* its cube, &c ; alfo K /a* + b* 

for the fquarc soot of a* + b*, and y'C.a* — b* -f abb 
for the cube root, dec. He then obferves, after Stife- 
lius, that there muft be as many equations as there are 
unknown lines or quantities; and that they muft be 
reduced alt to one final equation, by exterminating all 
the unknown letters except one; when, the final cqua- 
Win will appear like thefe. 


z » b, or 

» — az + l *, or 
c - 1 x> + az* + b*z — c 1 , or 
z* » + a + •/*, &e. 

Where he ufes » for = or equality, felting the big heft 
term or power alone on one fide of the equation, and all 
the other terms on tlic other fide, with their proper 
figns. 

Defcartcs next defines plane problems, namely, fuch 
as can be refolvcd by right lines and circles, deferibed 
on a plane funcrficies ; and then the final equation rifi-s 
only to the 2d power of the unknown letter, lie then 
conllrudls fmh equations, viz. quadratics, by the circle, 
thus finding geometrically the rui-t or roots, that is, the 
pofitive ones. But when the lines, by which the roots 
arc determined, neither cut nor touch, he obferves that 
the equation has then 110 poffible root, or that the pro¬ 
blem is impuflible. He then concludes this hook with 
the algehraic.il folmion of the celebrated problem - , be* 
fore tientcd of by the.* amicnls, namely, to find a point, 
or the locus of all the points, fioin whence a line being 
drawn to meet any number of given lines in given an¬ 
gles, the pioiiurtof the fegments of fume- of thetu Audi 
have a given ratio to that of the reft. 

Lib. 2. Dr Natura Linearum (lurvarum. Ti.-s is 
a-good algebraical treatife on curve lines in general, and 

the firft of the kind that h;ta been produced In th.. 

derns. Here the nature of the cm 1 c is cxpreflid by an 
equation containing two unknown or variable lines, ami 

(■* y 

others that are known or conflant, as v 1 x> . r — - 

b 

+ ay — ac. But, not relating to pure Algebra, the per. 
ticulars will be moll properly placed under the .11 title of 
curve lints, ami other term:, relating to them. Only one 
difeovery, among many ingenious applications of Alge¬ 
bra to Geometry, may here be particularly noticed, as it 
may be coniidered as the iirft flep towards the arithme¬ 
tic of infinites; and that is the method of tangents, hero 
given, or, which comes to the fame thing, of drawing a 
line perpendicular to a curve at any point, which u, an 
ingenious application of the general form of an equation, 
generated in Harriot’s way, that has two equal roots, to 
the equation of the curve. Of which a particular ac¬ 
count will be given at the article Tanui nts. 

Lib. 3. Dr ConJlmHime Problrmatum SnliJnrum, ct 
So/ida ixcedentium. Defcartcs begins this hook will re¬ 
marks on the nature and roots of equations, obferving 
that they have as many roots as dimenfions, which he 
fhevvs, after Harriot, by multiplying a certain number 
of fimple binomial equations together, as .v — 2 x> o, 
and x — 3 30 o, and x — 4 30 o, producing ,\ J — yxjv. 
-p l6x — 24 »o. He here remarks that equations 
may fometiincs have their roots falfr , or what we call 
negative, which he oppofes to thofe that arc pofitive, or- 
as he calls them true, as Cardan had done before. As a 
natural deduction from the generation or compofition of' 
equations, by multiplication, he infers their refolution, 
or depreifion, or dccompofition, namely, dividing them 
by the binomial fa&ors which were multiplied to pro¬ 
duce the equation: and he obferves that by this opera¬ 
tion it is known that this divifor is one of the binomial 
roots, and that there can be no more roots than diincn- 
fions, ox than .thole which form with the unknown letter, 
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*' binomials that will exa&ly divide the equation, as 
Harriot had (hewn before. Dcfcartes adverts to feveral 
other properties, moiUy known before, which he has 
occalion to make ufe of in the progrefs of his work; 
fach as, that equations rnay have as many true roots as 
the terms have changes of the figns + and —, and as 
many fa’fe ones as fucceflions of the fame figns: which 
number and nature of the roots had before been partly 
(hewn by Cardan and Vieta, from the relation of the 
coefficients, and their figns, and more fully by Harriot 
in his 5 tli feftion. And hence Defcartes infers the me¬ 
thod of changing the true roots to falfe, and the falfe 
to true, namely by changing the figns of the even terms 
only, as Cardan had taught before. Dcfcartes then ad¬ 
verts to other reductions and tranfmutations which had 
been taught by Cardan, Victa, and Harriot, fuch as. 
To incrcafc or diminiili the roots by any quantity j To 
take away the ad term : To alter the roots in any pro¬ 
portion, and thence to free the equation from fra&ions 
and radicals. 


Dcfcartc- next remarks that the roots of equations, 
whether true or falfe, may be either real or imaginary } 
as in the equation a ,j — ftxx + 13.1- — io » O, which 
has only one real root, namely 2. The imaginary’ roots 
weic lirll noticed by Albert (lirard, as before mentioned, 
lie then treats of the depreffion of a cubic equation to 
a quadratic, or plane problem, that it may be conftrii&ed 
by the circle, by dividing it by fotne one of the bino¬ 
mial factors, which, in Harriot’s way, compofe the 
equation/ Peletni ius having (hewn that the Ample root 
is one of the divifors of the known term of the equation, 
and Harriot that that term is the continual product 
of all tlie roots, Dcfcartes therefore tries all the Ample 
divifors of that term, till he finds one of them which, 
connected with the unknown letter x, by + or —, will 
exadtlv divide the equation. And the procefs is the 
fame for higher powers than the cube.. But when a 
divifor cannot be thus found, for dcprclfing a biquadra¬ 
tic equatiou to a cubic, he gives another rule, vrtiich is 
a new one, for dt’ffidving it into two quadratics, by 
means of a cubic equation, in this manner: 

Letthegiveubiqu.be + x . p\-x. qx, 

Which fuppofe 


equal to the 
product of 
tliefe two 


+ xx -j.v + \yy . . f. x) o, 


r » o; 

1 
zy 

9 


+ xx +yx f fjty. ip. »oj 

where the (ign of jp in the two quadratics mull be the 
lame as the fign of p in the given equation, and iu 


the j (l quadratic the fign of — mud be the fame as the 

the fign of q, but in the 2d quadratic the contrary. 
Then if there be found the root yy of this cubic equa¬ 


tion y 6 . ?py* + +PPyy — qq » O, 

when the fign of ip is the fame as of p in the given bi¬ 
quadratic, but the fign of 4r contrary to that of r in 
the fame : Then the value of y, hence deduced, being 
fubdituted for it in the two quadratic equations, and 
their two pairs of roots taken, they will be the four roots 
of the propofed biquadratic. And thus alfo, he hints, 
may equations of the 6th Mwer be reduced to thofc of 
the 5th, and thofie of the. W» power to thofc of .the. 7th, 


and.fo on. - Defcartes does not give the irvedigation of 
this rule j but it has evidently been done, by affirming 
indeterminate quantities, after the manner of Ferrari 
and Cardan, as coefficients of the terms of the two qua. 
dratic equations, and, after multiplying the two together, 
determining their values by comparing the refuhing 
terms-with thofe of the propofed biquadratic equation. 

After thefe rcdti&ions, which are only mentioned for 
the fake of the geometrical conftruftions which follow, 
by Amplifying and depreffing the equations as much as 
they'will admit, Defcartes,-then gives the conftrudtion 
of foil’d and other higher ,K problcms, or of cubic and 
higher equations, by means of parabolas and circles; 
where he obferves that the falfe roots are denotedby the 
ordinates to the parabola lying on the contrary fide of 
the axis to the true roots. Finally, thefe conuru&ions 
are illuftrated by various problems concerning the tri- 
fedling of an angle, and the finding of two or four mean- 
proportionals ; which concludes this ingenious work. 

From the foregoing analyfis may enfily be collected 
the real inventions and improvements made in algebra by 
Defcartes. His work, as has been obfcrvtd before, is 
not algebra itfclf, but the application of algebra to ge¬ 
ometry, and the algebraical dodtrine of curve lines, 
exprefling and explaining thdr nature by algebraical 
equations, and on the contrary, ionftrudf ing and explain¬ 
ing equations by means of'the curve lines. What re- 
fpetls the geometrical parts of this traft we (hall have 
occafion to advert to elfewhere } and therefore (hall here 
only enumerate the circumUancts which belong more 
peculiarly to the fciencc of Algebra, which I (hall 
didinguifh into the two heads of improvements and 
inventions. And 

! It, Of his improvements. That he might fit equa¬ 
tions the better for their application in the condru&ion 
of problems, Uefcdfcs mentions, as it were hy-the-bye, 
many things concerning the nature and redu&ion of 
equations, without troubling himfelf about the fir ft in¬ 
ventors of them, dating them in his own terms and man¬ 
ner, which is commonly more clear and explicit, and 
often with improvements of his own. And under this 
head we find that he chiefly followed Cardan, Vieta, and 
Harriot, but efpecially the laft, and explains fome of 
their rules and difeoveries more ditlindly, and varies 
but a little in the notation, putting the firil letters of 
the alphabet for the known, and the latter letters for the 
unknown quantities; alfo x 3 for aaa, &c; and » for =. 
But Herigonc ufed the numeral exponents in the fame 
manner two yeais before. Defcartes explained or im¬ 
proved mod parts of the reductions of equations, in 
their various tranfmutations, the number and nature of 
their roots, true and falfe, real and what he calls ima¬ 
ginary, called involved by Girard ; and the depreffion 
of equations to lower degrees. 

2d. As to his inventions and difeoveries in algebra,, 
they may be comprehended in thefe particulars, namely, 
the application of algebra to the geometry of curve lines, 
the condra&ing equations of the higher orders, and 
a rule for rcfolvmg biquadratic equations by means of 
a cubic and two quadratics. 

Having now traced the feience of Algebra from its 
origin and rude date, down to its modern and more 
pohfhed form, in which it has ever lince continued, 
with, very little vaiiatiou : liaving analyfed all or moft 
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of the principal authors, in a chronological order, and 
deduced the inventions and improvements made by each 
of them ; from this time the authors both become too 
numerous, and their improvements too inconfiderablr, 
to merit a detail in the lame minute and circumftautial 
way : and betides, thefcwilibe better explained in a 
particular manner under the word or article to which 
each ofthem fcverally belongs. It may therefore now 
fuffict to enumerate, or announce only in a curfory man- 
.tier, the chief improvements and authors on algebra 
■down to the prefent time.. 

After the publication of the Geometry of Defcartes, 
a great many other ingenious men followed the fame 
coutfc, applying thcmfclrcs to algebra and the new 
geometry, to the mutual improvement of them both ; 

■ which was done chiefly by rcafoning on the nature and 
forms of equations, as generated and compofed by 
Harriot. Before proceeding upon thefe however, it is 
but proper to take notice here of Fermat, a-learned 
and ingenious mathematician, who was contempo¬ 
rary and a competitor of Defcartes for his brighteft 
difeoveries, which he was iu pofleflion of before the 
geometry of Defcartes appeared. Namely, the appli¬ 
cation of algebra to curve lines, which he exprefled by 
an algebraical equation, and by them conftrudling equa¬ 
tions of the 3d and 4th orders ; alfo a method of tan¬ 
gents, and a method de maximis et minimis, which 
approach very near to the method of Fluxions or Incre¬ 
ments, which they ftriklngly referable both in the manner 
of treating the problems, and in the algebraic notation 
and procels. The particulars of which, fee under their 

a er heads. Betides thefe, Fermat was deeply learned 
c Diophantine problems, and the belt edition of 
DiophantusY Arithmetic, ia that which contains the 
notes of Fermat on that ingenious 1 work. 

But to return to the fuccefibriBf Defcartes. His 
geometry having been publifhed m Holland, feveral 
learned and ingenious mathematicians of that country, 
prefently applied themfelves to cultivate and improve it; 
as Schooten, Hudde, Van-Hcuraet, De Witte, Slufius, 
Huygens, &c; betides M. de Beaune, and perhaps 
fome others in France. 

• Francis Schooten, profeflbr of mathematics in the 
univerfity of Leyden, was one of the firft cultivators of 
the new geometry. He tranflated DefcartesY Geome¬ 
try out c Freqch into Latin, and publifhed it in 1649, 
with his commentary upon it,'as alio Brief Notes ofM. 
de Beaune; .both of them containing many ingenious 
and ufeful things. A nd in 19 he gave a new edition of 
the fame in two volumes, with the addition of feveral 
other ingenious pieces: as two pofthumous trails of 
de Beaune, the one on the nature and conliitution, the 
other on the limits of equations, (hewing how to aflign 
the limits between which are contained the greateft and 
lead roots of equations, extended and completed by 
Erafmus Bartholine : two letters of M. Hudde on the 
reduftion of equations, and on the maxima and mini¬ 
ma of quantities, containing many ingenious rules; 
among which are fome concerning the drawing of tan¬ 
gents, and on the equal root* of equations, which he 
determines by multiplying the terms of the equation by* 
the terms of any arithmetical progrefilon, o being one 
of the terms, the equation is commonly depreffed one 
degree lowers alfoatraftof Van Heuraeton the rectifi¬ 


cation of curve line*; the elements of curves by De Wittej 
Schooten Y principles of universal mathematics, or intro¬ 
duction to Defcartes’s geometry, which had before been 
publifhed by itfeif in 16^ 1 j and to the end of the work ia 
added a pofthumous piece of Schooten Y (for he died 
while the 2d vol. was printing) intitled Tm flatus de 
eoncinnandis deni on/lrationibus geometricis ex eakulo atge- 
braico. Schooten alfo publifhed, in 1657, JExereitali¬ 
enee Mathematiee, in whjch arc contained many curious 
algebraical and analytical pieces, amongft others of a 
geometrical nature. 

An elaborate commentary on DefcartesY Geometry 
was alfo publifhed by F. Rabuel, a Jefuit; and James 
Bernoulli, enriched with notes, an edition of the fame, 
printed at Baiil in 169—■. 

The celebrated Huygens alfo, among his great dif- 
Coveries, very much cultivated the nlgcbiaical anulytis : 
and he is often cited by Schooten, who relates divers in¬ 
ventions of his, while he was his pupil. 

Slufius , a canon of Liege, publifhed in <6,9, Mefula - 
bum, feu dug medi.r propor. per drculum iff ef/ips. vel ly- 
perb, injinitis madis exhibitg ; by which, any folid pro¬ 
blem-may be conflruCted by infinite different ways. 
And in 1668 he gave a fecond edition of the fame, with 
■ the addition of the analytis, and a mifcellancous collec¬ 
tion of curious and important problems, relating to fpi- 
rals, centres of gravity, maxima and minima, points of 
inflexion, and fome Diophantine ptoblcms; all (hewing 
him deeply (killed in Algebra and Geometry. 

There have been a great number of other writers and 
improvers of Algebra, of which it may fufficc flight ly 
to mention the chief part, as in the following cata¬ 
logue. 

'Peter Nonius, or Nunez, a Spaniard, wrote about the 
time of Cardan, or foon after. 

In 1619 feveral pieces of Van Cullen, or Cetilen, 
were tranflated out of Dutch into Latin, and publifhed 
at Leyden by W. Snell; among which arc contained a 
particular treatife on furds, and his proportion of the 
circumference of a circle, to its diameter. 

In 1621 Bachet publifhed, in Greek and I .at in, an 
edition of Diophantus, with many notes. And another 
edition of the fame was publifhed in 1670, with additions 
by Fermat. 

In 1624 Bachet Y Problemes Plat fans et De/r,tables, 
being curious problems in mathematical recreations. 

In 1634 Herigone putfifhed, at Parjs, the firft eomfc 
of mathematics, in $ voll. 8vo ; in tlifted of which is 
contained a good treatife on Algebra; in which he ufes 
the notation by final] letters, introduced by the Algebra 
of Harriot, which was publifhed three years before, 
though the reft of it does not rcfcmble that work, and 
one would fiifpcft that Herigone had not fecn it. The 
whole of this piece bears evident marks of originality 
and Ingenuity. Betides + for plus, lie ufes c n for 
minus, and | lor equality, with feveral other ufeful abhre- 
vations and marks of his own. In the notation of powers, 
he does not repeat the letters like Harriot, but lubjoins 
the numeral exponents, to the letter, as Defcartes did 
two years afterwards. And Herigone ufes the fame nu¬ 
meral exponents for roots, as */a for the cube root. 

In 1635 CaValerius publifhed his Indinifibles; which- 
proved a new sera in analytiakt and gave rife to other 
new modes of computation Htnaalyticj. 


About 
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About 1640* et .fg& fr. Roberval made ferentf no¬ 
table improvements MP'^wlytica, which are. publifhed 
in the eaily volumes of tlie Memoirs of the Academy 
of Sciences; as, 1. A traft on the compofition of mo¬ 
tion, and a method of tangents* 2, De recognitione 
eequationum. 3, De geometrtca planarum isf cu'bicarum 
erqualienum refolutione. 4, A treatife on indivifibles, &c. 

Iu 1643 Billy publifhed Nova Geometric davit 
Algebra. And in 1670 Dio/bant us Redivivus. He was an 
author particularly well fkdledin Diophantine problems. 

In 1644 Rcnaldinr publifhed, in 4to, Opus Algebrai- 
cum, both ancient and modern, witli mathematical re¬ 
futation and compofition. And in 1665, in folio, the 
fame, greatly enlarged, or rather a new work, which is 
very heavy and tedious. In this work Kcualdinc ufes the 
parvnthefcs (a* -j- b 1 ) as a vinculum, inltcad of the line 
over, as a* + b *. 

. In 1655 was publifhed Wallis’s Aritlimetica Infunto- 
mm, being a new method of rcafoning on quantities, or a 
great improvement on the Indivifibles of Cavalcrius, and 
which in a great meafure led the way to infinite feries, 
the binomial theorem, and the method of fluxions. Wal¬ 
lis here treats ingenioufly of quadratures and many other 
problems, and gives the firft expreflion for the quadra¬ 
ture ol the circle by an infinite feries. Another feries 
is here added for the fame purpofc, by the Lord 
Brouncker. 

In 1659 was puhlilhed Algebra Rbonii Germanice ; 
\\Inch was in 1668, tranflated into Englilh by Mr. Tho¬ 
mas Brancker, with additions and alterations by Dr. 
John Pell. 

In 1661 was publifhed in Dutch, a neat piece of Al¬ 
gebra by Mr. Kiuckhuyfen; which Sir I. Newton, 
while he was proft-ffiir of mathematics at Cambridge, 
made ufe of and improved, and he meant to republilh it, 
with the addition of liis merhod of fluxions and infinite 
feries; but he was prevented by the accidental burning of 
fome* of his papers. 

In 1665 or 1666 Sir Ifaac Newton made feveral of 
his bn'gliteft difcoverics, though they were not publifhed 
till afterwards: fiich a3 the binomial theorem; the 
method of fluxions and infinite feries ; the quadrature, 
rectification, &c of curves; to find the roots of all 
forty of equations, both numeral and literal, in infi¬ 
nite converging feries ; the icverfion of feries, See. Of. 
each of which a pai titular account may be feen in their 
proper articles. 

In 1666 M. Frcnicle gave feveral curious trndls con¬ 
cerning combinations, magic fquares, triangular num¬ 
bers, &e ; which were printed in the early volumes of 
Memoirs ol the Academy of Sciences. 

In 1668 Thomas Brancker publifhed a trae flat ion of 
Rhonius’s Algebra, with many additions by Dr. John 
Pell, who tiled a peculiar method of regiilering the 
Heps in any algebraical procefs, by means of marks and 
abbreviations in a final! column drawn down the mar¬ 
gin, by which each line, or flep, is clearly explained, 
as was before done by Harriot in words at length. 

In 1668 Mercator publifhed his Logetrithmotechnia , 
or method of conflructing logarithms; in which he 
gives the quadrature of the hyperbola, by means of 
an infinite feries of algebraical terms, found by dividing 
a fimplc algebraic quantity by a compound one, and 
for tin: firft time that this operation was given to the 
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public, though Nfewton had before that expanded afflortf* 
of compound algebraical quantities into infinite feries. * 

In thefame year was publifhed James Gregory’s' E* 
ercitationes Geometricee, containing, among other things, 
a demonflration of Mercator’s quadrature of the hy¬ 
perbola, by the fame feries. 

And in the fame year was publifhed, in the Philofo- 
phical Tranfa&ions, Lord Brouncker’s quadrature of 
the hyperbola by another infinite feries of Ample rational 
terms, which he had been in pofl'eflion of fince the year 
1657, when it was announced to the public by Dr. 
Wallis. Lord Bromicker’s feries for the quadrature of 
the circle, hud been publifhed by Wallis in his Arithmetic 
of Infinites. 

In 1669 Dr. Ifaac Barrow publifhed.hiB Optical and 
Geometrical* Leisures, abounding with profound re- 
fearches on the dimciifionsand properties of curve lines; 
but particularly to be noticed here for his method of 
tangents, by a mode of calculation fimilar to that of 
Fluxions, or Increments, from which thefe differ but 
little, except in the notation. 

In 1673 was publifhed, in 2 vols. folio, Elements of AI- 
gtbra , by John Kerfey ; a very ample and complete work, 
in which Diophantus’s problems are fully explained. 

In 1675 were publifhed Nouveaux Elemens des Ma- 
thematiques, par J. i’rellet, pretre : a prolix and tedious- 
work, which he pi efumptuoufly dedicated to God Al¬ 
mighty. 

About 1677 Leibnitz difeovered his Methodus Differ-- 
rentialis, or clfe made a variation in Newton’s Fluxions, 
or an extenfion of Barrow’s method, for it is not certain 
which. He gave the fifft in fiance of it in the Leipfic 
A£ls for the year 1684. He alfo improved infinite fe- 
ries, and gave a fimplc one for the quadrature of the cir¬ 
cle, in the fame adlsrfor 1682. 

In 1682 Ifmacl Bulliald publifhed, iii folio, his O/us 
Novum ad Ariihmelieam lnjuntorum , being a large Sim¬ 
plification of Wallis’* Arithmetic of Infinites. 

In 1683 Tfchirnaufen gave a memoir, in the Leipfic 
Adis, concerning the extraction of the roots of all equa¬ 
tions in a general way; in which he promifed too much, 
as the method did not fueeecd. 

In 1684 came out, iu Englifli and Latin, 4to, Tho¬ 
mas Baker’s Geometrical Key, nr Gate of Equations L r n- 
/oil’d; being an improvement of Defeartes’s conflruc- 
tion of all equations under the 5th degree, by meatis- 
of a circle and only one and the fame parabola for all 
equations, ufiiig any diameter infttad of the axis of the 
parabola. 

In J 68 J was publifhed, in folio, Wallis’s Treatife of 
Algebra , both Hijlorical and Practical, with the addition 
of feveral other pieces ; (hewing the origin, prog refs, 
and advancement of that fcience, from time to time. It 
cannot be denied that, in this work, Wallis has fhewn 
too much partiality to the Algebra of Harriot. Yet ? 
on the other hand, it is as true, that M. de Gun, in his 
account of it, in the Memoirs of the Academy of Sci¬ 
ences for 1741, has run at leaf! as tar into the fame 
extreme on the contrary fide, with refpedl to the dif- 
Riveries of Vieta; and both thefe I believe from the 
fame caufe, namely, the want of examining the works 
of all former writers on Algebra, and fpecifying their 
feveral difcoverics; as has bccu done in the courl'e of 
this article. 


In 



A L G 


[ g 6 ] .A LG 


In 16S7 Dr. Halley gave, in tlie Philof. Tranf. the 
conilrutf ion of cubic am] biquadratic equations, by a 
parabola and circle; with improvements on what had 
been done by Dctcaites, Baker, &c. Alfo, in the 
fame Tran factions, a memoir on the number of the roots 
of equations, with their limits and figns. 

In 16yo was publi/lied, in 4to, by M. Rolle, Trade 
d'Algclre ; in 1699 Une Method? pour In Ifefoiution dcs 
Proliant! incletermines ; and in 1704 Ah moires fur tiu- 
verft des tangents ; and other pieces. 

in 1690 Jofeph Kaphfun publifiicd Analyfs JEqua- 
tionum Uuivirfulis ; being a general method of approx¬ 
imating to the roots of equations in numbers. And in 
1715 he published the Hjhry of Fluxions, both in 
Englilh and Latin. 

In 1690 was alfo publifiicd, in 4 vols 4to, Dechnle’s 
Curfus feu m undos muthemuticus ; in which is a piece of 
algebra, of a very old-fufhioncd fort, coniidering the 
•time whin it was written. 

About 169a, and at difTcient times afterwards, Pe 
Lagny publilhed many pieces on the relblution of equa¬ 
tions in numbers, with many theorems and rules for 
that purpofe. • 

In 1693 was publilhed, in a neat little volume, Synop - 
fis Algrlraica, opus pofhumum jfohcmnis Altxattdri. 

In 1694, Dr. Halley gave, in the Philof. Tranf. an 
ingenious tradt on the numeral extraction of all roots, 
without any previous TcduCiion. And this trad is alfo 
added to fome editions of Newton’s Univerfal Arith¬ 
metic. 

In 1695 Mr. John Ward, of Chiller, publilhed, in 
$vo, A Compendium of Algebra, containing plain, eafy, 
and concife rules, with examples in an eafy and clear 
way. And in 1706 he publilhed the lirft edition of his 
Toting Mathematician''s Guile, or a plain and eafy in- 
trodu&ion to the mathematics: a book which is Hill 
in fj eat requeil, cfpecially with beginners, and which 
has been ever fince the ordinary introduction ofthe great- 
ell part of the mathematicians of this country. 

In 1(196 the Marquis de I’Hopital publilhed his Ana- 
Ijfedes infinhueni petits. And gave leveral papers to the 
Leipfic ACts and the Mcmoircs of the Academy of Sci¬ 
ences. He left behind him alfo an ingenious treatife, 
which was publilhed in 1707, intitlcd Traite ana/ytique 
des Seflions Cuniques, et de la conjlruflion da lieux geo- 
melriques. 

In J697, and fevcral other years, Mr. Ab. Demoivre 
gave various papers, in the Philof. Tranf. containing 
improvements in Algebra: viz. in 1697, A method of 
taifmg an infinite multinomial to any power, or extract¬ 
ing any root ofthe fame. In 1698, The extraction of 
the root of an infinite equation. In 1707, Analytical 
folution of certain equations of the 3d, 5th, 7th, Sic de¬ 
gree* In 1722, Of algebraic fra&ions and recurring 
leries. In 1738, The reduction of radicals into more 
Jimple forms. Alfo in 1730, he publilhed Mifcellanta 
analytica deferiebus IF quadiaiuris, containing great im¬ 
provements in ferics, See. ‘ 

In 169 , Mr. Richard Sanlt publilhed, in 4to, A 
Now Treatife of Algelra, apply'd to numeral qucjlitmt and 
geometry . With a converging feries for all manner of 
Adfefled Equations. The feries here alluded to, » Mr. 
Raphfonji method of approximation, which had been 
lately “publilhed. 


In-t‘699 Hyac, Chriftophq^PJiblilhed at Naples, in 
4to, be cottfiruflione iequatmutf^'. 

In 1702 was publilhed Ozaftam’s Algebra; which is 
chiefly remarkable for the Diophantiiic analyfis. He had 
publilhed his mathematical dictionary in 1691, and In 
1693 his courfe of mathematics, in 5 vols 8vo, contain¬ 
ing alfo a piece of algebra. 

In 1704, Dr. John Harris publilhed his Lexicon 
Technicum, the lirlt dictionary of arts and fcicnccs: a 
veiy plain and ufcful book, cfpecially in the mathema¬ 
tical articles. And in 1705 a neat little piece on alge¬ 
bra and fluxions. 

In 170$ M. GuifnCe publilhed, in 4to, his Application 
de Palgebre a la geometric : a ufcful book. 

In 1706 Mr. William Jones publilhed his Synopfis 
Palmariornm Mathrfeos, or a new introduction to the 
mathematics: a very ufcful compendium in the mathe¬ 
matical fcicnccs. And in 1711 lie publilhed, in 4to, a 
collection of Sir Ifaac Newton's papers, intitlcd Ana¬ 
lyfis per quanl'datum feries, Jluxiunet, at differentias : cum 
enumeratione liuearum tertii ordinis. 

In 1707 was publilhed by Mr.Whiflun, the firll edition 
©f Sir Ifaac Newton’s Aritimetica Unmtrjalis:five de com • 
pofitiime et refolutione arithmeticu liber : and many editions 
have been publilhed fince. This work was the textbook 
ufed by our great author in his leCturcs, while lie was 
profefl’or of mathematics in the univerfity of Cambridge. 
And although it was never intended for publication, it 
contains many and great improvements in analytics; par¬ 
ticularly in the nature and tranfmutation of equations; 
the limits of the roots of equations; the number of 
impoifible roots; the invention of divifors, both furd 
and rational; the refolution of problems, arithmetical 
and geometrical; the linear conllruCtion of equations ; 
approximating to the roots of all equations, &c. To 
the later editions of the book is commonly fubjoined 
Dr. Halley’s method of finding the roots of equations. 
As the principal parts of this work arc not adapted to 
the circuinflance of beginners, there have been publifiicd 
commentaries upon i: by feveral perfons, as s’ilravc- 
fande, Caililion, Wilder, Sic. 

In 1708 M. Reyneau publilhed his AnalyfeDemmtrcc, 
in 2 vols 4to. And in 1714 J.a Science ,/u Cut.ul, £s 7 . 

In 1709 w'as publilhed an Knglilli trunflation oi Alex¬ 
ander’s algebra. With an ingenious appendix by Hum¬ 
phry Ditton. 

In 1715 Dr. Brooke Taylor publilhed his MethcJus 
Incrementormn : an ingenious and learned work. Ami 
in the Philof. Tranf. for 17*8, "An improvement of the 
method of approximating to the roots of equations in 
numbers. 

In 171 j M. Nicole gave, in the memoirs of the aca¬ 
demy of fcicnccs, a traCt on the calculation of finite 
differences. And in fevcral following years, he gave 
vntious other trafls on the fame fubjedt, and on the re¬ 
folution of equations of the 3d degree, and particularly 
on the irreducible cafe in cubic equations. 

Alfo in 1717 was publilhed a treatife on Algebra by 
Philip Ronayne. 

Alfo in 1717 Mr. James Sterling publilhed Line* tertii 
Ordinis ; au ingenious work, containing good improve¬ 
ments in analytics. Alfo in 1730 Melhoaus Differenti¬ 
als : five tra flatus de fummatiane et inkrpolat lone Jtrie rum 
mfinitarvm: with great Improvements on infinite feries. 

In 
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In 1726 and 1729 Muclaurin gave, In the Philof. 
Tranf. trails on the imaginary roots of equations. 
And afterwards whs pubhfhed, from his polUurnioua 
papers, his treetife on Algebra, with its application 
to curve lines. 

I11 1727 came out s’Grnvcfande’s Algebra, with a 
fpecimen of a commentary on Newton's univerfai 
arithmi-tic. 

In 172'.? Mr. Campbell gave, in the Philof. Tranf. 
an ingenious paper 1 on the nnmbir of impoffiblc roots of 
equations. 

Jn 1732 was publifhed Wolfius’s Algebra, in bis 
courfe of mat hematics, in 5 vela. 4*0. 

In 1735 Mr. John Ivirkby publifhed his arithmetic 
and algebra. Ami in 174H bis doctrine of ultirnntors. 

In 17.40 were publifhed Mr. Thomas Simplon's F.f- 
fays ; in 1743 his Diiicrtations, and in 1757 bis T rafts; 
in all which arc contained feveral improvements in fenes 
and other parts of Algebra. As alio in his algebra, Jlrll 
printed in 1745, and in bis Select Exercifes, in 1752. 

Alfo in 1740 was publifhed profeffor Suuudei foil’s 
Elements of Algebra, in Z vols. 4to. 

In 1741 M. de la Caille publiflud lemons tie malhcma- 
ti.;ucs ; tut eletnens tfalgcbre & tie geemetrie. 

Alfo in 1741, in the memoirs of the academy of fei- 
ences, were given two articles by M. de Gua, on the 
number of politive, negative, and imaginary roots of 
equations. With an hiiloricalaccount of the improve¬ 
ments in Algebra; in which he fevercly cenfures Wal¬ 
lis for bis partiality ; a circumllance in which hehimfclf 
is not lei’s faulty. 

In 174b M. Clairaut publiflicd hisFJemensd’algebre, 
in which are contained feveral improvements, cfpccially 
on the irreducible cafe in cubic equations. He has alfo 
feveval good papers on different parts of analytics, in 
the memoirs of the academy of feiences. 

In 1 "47 M. Fontaine gave, in the memoirs of the 
academv of fcicticis, a paper on the refolution of cqua- 
t ions. 1 .elides lbme analytical papers in the memoirs of 
other years. 

In 1761 i\ 1 . Caflillion publifhed, in z vols .jto, New¬ 
ton's univeifal aiithnietic, with a large commentary. 

In ly.'i’ Mr. Emerfon puMilhcd bis Increments. In 
1 764 his Ah cbiw, e. 

In 17^14. Mi. l.amKii juibliflied bis Refidu:'] Analyfis. 
In lyfiv bis Mathfmaluat! Lucubrations. And in 17M0 
bis Matlienv.itieal Memoirs!. All containing good iin- 
prr-vcincnts in in finite fenes, &c. 

In 1770 was jnddiihed, in the German language, F.lc- 
meiitsof Alg< lira by M. Eukr. And in 1774 a French 
tranflat'on of the fame. The memoirs of the In rim and 
IVtcrfbuigli academics alfo abound with various im¬ 
provements on terics and other branches of analyils l;y 
this great man. 

In 1775 was publifhed a! Bologna, in Z vols .(to, 
Compendia tl'shiii!;/! if’ Gimhuiio Makdiui. 

Hefides the foiegoii g, then: have hen many other 
authors who have given tiealifcs on Algebia, or who 
have made improvement:, on feries ar.d other parts of 
Algebra; as Sebonuus, C'oignet, S dignae. I..ih»ubuv, 

I lemifcliius, Dcgrnave, Miteller, Hciilfchius, Robcntd, 
the Bernoullis, Malbrauelie, Agncfi, Wells, Dodfon, 
Jrlanfredi, Rt giuuh, Rowniug, Mafeteg, Vvariiu.’, I.org- 

Vor.. f. 


ns, de la Grange, de la Place, Bertrand, Kuhnius* 
Hales, and many others. 

Algkbra, numeral, is that which is chiefly con¬ 
cerned in the fulution of numeral problems, and in which 
all the given quantities are expreifed by numbers only. 
As ufed by the more early authors, Diopliantus, Paciolus, 
Stifelius, &c. 

Ai,g<-uka, Jpecious, or literal, is that commonly ufed 
by the moderns, in which all the quantities, both known 
and unknown, are reprefented or expreffed by l’pecies or 
general characters, as the letters of the alphabet, &c ; 
in confequcnce of which general defignation, all the 
conclufions become univerfai theorems for perfoiming 
every operation of the like kind. There arc fpecimen* 
of tin’s method from Cardan and others about his time, 
but it was more generally employed and introduced by 
Vieta. 

Aloskraical, fomething relating to algebra. 

Tims we fay ttlgebranal folutions, curves, characters 
or fymbols, &c. 

A i.GF ukaical Curve, is a curve in which the gene- 
ral relation between the abfcifl’e3 and ordinates can be 
expreffed by a common algebraical equation. 

Thefe are alfo called geometrical lines or curves, in cotl- 
tradifl inftion to mechanical or tranfcmdcntal ones. 

ALGEBRAIST, a perfon (killed in algebra. 

ALGENEB, or Alglnib, a fixed flarof the fecond 
magnitude, 011 the right fide of l’erfeus. 

ALGOL, or Mcdufa's Head, a fixed flarof the third 
magnitude, in the cunfkllation Perfetts. 

ALGORAB, a fixed liar of the third magnitude, in 
the right wing of the conflellation Corvus. 

ALGORISM, or Algorithm, is fimilar to logif- 
ticr., fignifyiug the ail of computing in any particular 
way, 01 about fome particular fubjid ; or the common 
rules of computing in any art. A* the algorithm of num¬ 
ber:;, of algebra, of integrity of fractions, of birds, tec ; 
meaning the common rules for performing the operations 
of nritliini;i<-, or algebra, or fractions, cxe. 

AL 1 JAZEN, Allaci'n, or Auhla/.i’m, was a 
learned Arabian, who lived in Spain about the rear 
1100, according to his editor Rifner, and Wcidlcr. 
He wrote upon Alirologv; and his vvoik upon Op¬ 
tics was printed, in Latin, at Bafil, in 1572, under 
the till.: of Opiate 7 h.fiun.s, by Rifner. Alliazen 
was the firfl who fliewed the importance of reflations 
in allmiinmy, fo liitle known to the uneients. He is alfo 
the firfl author who Juts treated on the twilight, upon 
which he wrote a work, in which he alfo fpwdts of the 
height of (lie clouds. 

ALIDADE, anAr. hie name for the label, index, 
or ruler, vvlu’ch is mownble about the centre of an 
allrclahc, qe.idrmt, i\c, and cniryiug the fights nr tc- 
hfo.pe, iitd by which :uc I'kewu the J g'ces cut eft 
the l.mh or arch of the toil. 'uMeut. 

AI.IQI’Ah f pii.t, tint ;sa;t which will nor ex- 
aclly meatiire n <'iv the wl-ive, vvi'bout having fome 
remainder. vVihv 1 11 :> fiuh, a-; being taken 
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ALIQUOT part, is fuchapnrt of any whole, as 
will exactly incatare it without any remainder. Ortho 
aliquot part is inch, as being taken or repeated a certain 
number of times, exactly makes up, or is equal to the 
whole. So i is an aliquot part of 6, or of any other whole 
number; 2 is alfo an alicprot part of 6, being contained 
Jnit 3 times in 6; anil 3 is alfo an aliquot pari ol 6, be¬ 
ing coirtaincel juIt 2 times: ies that ail the aliquot parts 
of 6 are I, 2, 3. 

Ail tint aliquot parts of any number may he 1 Inis found: 
Divide the given number by its le.dl diviloi ; tiioi ih- 
vidc the quotient alfo by its ball divitar; and ta on al¬ 
ways dividing tire hill quotient by iis lead i!iv:!‘i:, till 
the quotient I is obtained; and ail the doiloir, thus 
taken, arc the prime aliquot paits of ti.r ; iun number. 
Then multiply continually together tin (V ju inn divilurs, 
vix. every two of them, every three of them, every lour 
of then,, 5 :o ; and the products \v ill Ik i he other o: eo.'i- 
poimd aliquot ports of the given number. .So if tie- 
aliquot parts ot Od beiequiml; fu ll divide it by 2,;md 
.the quotient h 30: then 30 divided by 2 alfo, gives 17, 
and 15 divided by 3 gives- 3, and 3 divided In 3 gives 1: 
lb thal all the prime diviibrs or aliquot parts aiv t, 2,2, 
3, 5. Then the compound ones, by multiplying every 
two, arc 4, (., 10, 15; and every three to, 20, 30. So 
that all the aliquot parts of the given number 60, ate 1, 
2, 3, 4, 5, (>, ic, 12, 15, 20, 30.—In like manner it 
will he found that all the aliquot parts of 360 arc 1,2, 
3» 4, J» b, 8, 9, 10, 12, 15, t8, 20, 24,30, 36, 40, 
43, 60, 72, ISO. 

ALLEN (Thomas) a celebrated mathematician of 
the 16th century. He was born at Uttoxetcr in Staf- 
fordfhire, in 1542; was admitted a i'cholar of Trinity 
college, Oxfuid, in 1361; where he took his degrie of 
mailer of aits in 1567. In 1370 he quitted his college 
and ftUovvihip, and retired to Gloccltcr hall, where he 
itudk-d very clofely, and became famous fur his know¬ 
ledge in antiquity, philofophy and mathematics. He 
received an invitation from Henry earl of Northumber¬ 
land, a great friend and patron ot the mathematicians, 
and he fpent fome time at the earl’s houfe; where lie be¬ 
came acquainted with thofe celebrated mathematicians 
Thomas Harriot, John Dee, Walter Warner, and Na¬ 
thaniel Torporley. Robert carl of Leiccilcr, too, had 
a great tftcem for Allen, and would have conferred a 
bifhopric upon him ; but his love for folitude and re¬ 
tirement made him decline the offer. His great fkill in 
the mathematics gave occafion to the ignorant and vul¬ 
gar to look upon him as a magician or conjurer. Allen 
was very curious and indefatigable in collecting featured 
manuferipts relating to biliary, antiquity, adronomy, 
philofophy, and mathematics: which colledtions have 
been quoted by fcvcr'al learned authors, and mentioned 
as in the Bibliotheca Alltniana. He publifhed in Latin 
the fecond and third books of Ptolemy, Concerning the 
‘Judgment of the Stars, or, as it is ufually called, of the 
quadripartite cotijlruction, with an expolition. lie wrote 
alfo notes on many of Lilly's books, and fome on John 
Bale’s work, Dr feripturibus Alaj. Britannic. lie died 
at Glocefter hall in 1632, being 90 years of age. 

Mr. Burton, the author of his funeral oration, calls 
him the very foul and fun of all the mathematicians of his 
age. And Scldcn mentions him as a perfon of the moft 
exteufive learning and contaminate judgnii :it, the blight¬ 


ed ornament of the univcrfity of Oxford. Alfo Camden 
fays he was (killed in moil of the belt arts and fcicnces. 
A. Wood lias alio tranfcribetl part of his charadlet from 
a maiuifcript in the library of Trinity college, in theta 
words: “ lie iludied polite literal me with great appli¬ 
cation ; he was driclly tenacious of academic difeipline, 
always highly cllcemed botlt by foicigners and thofe of 
the muveriity, and by all of the highdl flations in the 
church of l'iigiand, and the univeriity of Oxford. lie 
was a fagaeiotis obierwr, an agreeable companion, tae.” 

Al.I.lG.ATiON, one oftheiulcs in arithmetic,hv 
which are retailed quell ions which relate to the com¬ 
pounding or coxing together ol divers Jimplc.- or iiign- 
diems, Ik ing lo called from aliigare, to tie or connect 
together, jnob.thlv7 from ceitain vincula, or ciookcd li- 
g itures, cuinmonly tiled to eomitcl or bind the numbers 
together. 

It is probable that this rule came to us from the 
Moorifh or Arabic writers, as we liml it, with till the 
other uilcs of arithmetic, in Janas J. Jlurgo, and the 
other early authors in Europe. 

si,'ligation is of two kinds, medial and alternate. 

Alligation medial is the method of finding the 
rate or quality of the compolitiou, from lulling given 
the ratis and quantities of the fnnplcs or ingtedieuis. 

The rule of operation is this: multiply each quantity 
by its rate, and add ail the products toget her ; then 
divide the lum of the products by the tarn of the quan¬ 
tities, or whole compound, and the quotient will be tlie 
rate fought. 

Ft r 1 xdHiple, Suppofc it were required to mix logit her 
6 gallons ol wine, worth ys. a gallon ; 8 gallons, worth 
6s. the gallon ; and 4 gallon:, worth 8s. the gallon ; and 
to find the worth or value, per gallon, of the whole 
mixture. 
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Alligation alternate is the method of finding the 
quantities of ingredients or fifhplc.-, necellltry to taint a 
compound of a given rate. 

The rule of operation is this: ifl, Place the given 
rates of the limplcs in a column, under each other; 
noting which rates are Id's, anil which are greater than 
the propofed compound. 2d, Con nett or link with * 
crooked line, each rate which is lefs than the propofed 
compound rate, with one or any number of thole which 
are greater than the fame ; and every greater rate with 
one or any number of the lefs ones. 3d, Take the differ¬ 
ence between the given compound rate and that of each 
fimple rate, and let this difference oppolite every rate 
with which that one is linked. 4th, Then if only 011c 
difference Aaud oppofitc any rate, it will he the quan¬ 
tity belonging to that rate ; hut when there are feveral 
differences to any one, take their film for its quantity. 

For example, Suppofc it were required to mix to¬ 
gether gold of various degrees of iinenefs, viz. of ty, 

of 
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•f at, and of 23 earafts fine, fo that the mixture (hall 
be of 20 c a rafts line. Hence, 

Rale, Diffs. Sum of Diffs, 

f 21S-1 C 1 of 21 cara&s fine, 

Comp, rate aoj W-- - 1+3^4 of 19 carafts fine, 
l 23J - - - 1 p 1 cf 23 caradts fipe. 

That is, there mult be an equal quantity of 21 and 23 
caradls line, and 4 times as much of ty caraf.ts fine. 

Various limitations, both of the compound and the 
ingredients, may he conceived ; and in fucli cafes, the 
differences are to be altered proportionally. 

Queilions of this fort are however commonly bell and 
eafielt refill ved by common Algebi a, of which they form 
a fpecirs of indeterminate problems, as they admit of 
many, or an indefinite number of nnlivcrs. 

There is recorded a remarkable inllance of a difeo- 
very made by Archimedes, both by alligation and fpe- 
cific gravity at the fame time, namely, concerning the 
crown of Hiero, king of Syracufe. The king had 
ordered a crow n to be made of pure gold, but when 
brought to him, a fulpieion arofe that it was mixed with 
alloy of cither iilver or copper, and the king recom¬ 
mended it to Archimedes to difeover the cheat without 
defin ing the crown. Archimedes, after long thinking 
on the matter, without lighting on the means of doing 
it, being one day in the bath, and ohfervifig how his 
body railed the water higher, conceived the idea that 
different metals of the fame weight would occupy dif¬ 
ferent (paces, and fo ruile or expel different quantities 
of water. Upon which he procured two other mafl’es, 
each of the fame weight with the crown, the one of 
pure gold, and the other of alloy; then immerfing 
them all three, feparately, in water, and obferving the 
ipaec each occupied, by the quantity it raifed the water, 
lie from thence computed the quantities of gold and 
elloy contained in the crown. 

AI.LIOTH, a flar in the tail of the great hear. 
The word in Arabic denotes a horfe ; and they gave 
this name to each of the three liars, in the tail of the. 
great hear, as they arc placed like three horfes, thus 
ai ranged for the purpofc of drawing the waggon com¬ 
monly called Charles’s wain, reprofented by the four 
liars on the body of the fume eonilcllation. 

ALM AC A NT A R. See Almucantar. 

ALMAGEST, the name of a celebrated book 
coinpoled by Ptolemy ; being a colledlion of a great 
numhei of the obfervatious ami problems of the ancients, 
relating to geometry and afirouomy, hut cfpceially the 
latter. And being the iirlt work of this kind which 
has come down to us, and containing a catalogue of the 
fixid liars, with their places, hefide numerous records 
and obfcrvatimij of eclipfcs, the motions of the planets, 
&c, this work will ever he held dear and valuable to the 
cultivators of nllronomy. 

In the original Greek it is called avira^if 01 ter, the 
great camf>qfition or colleBiou. And to the word //.syir>!» 
mrgj/le t the Arabians joined the particle a/, and thence 
called it Almagl.ujli, or, as we call it, from them, tlic 
A Image 11 . , 

Ptolemy was horn about the year of Clirifl fig, and 
died in 147, and wrote tliia work, confiding of 1 3 hooks, 
at Alexandria in Egypt, where the Arabians found it 
on the capture of that kingdom, it was by them 


tranfiated out of Greek, into Arabic, by order of the 
caliph Almaimon, about the year 827 j and firft into 
Lat in about 12 30, by favour of the emperor Frederic I f. 
The Greek text however was not known in Europe till 
about the beginning of the r Jth century, when it was 
brought from Conflautiiiople, then taken by the Turks, 
by George, a monk of Tnibezond, who tianflatcd it into 
I .at in, which tranflation has fcveral times been pub- 
lifltcd. 

Riccioli, ail Italian jefuit, alfo' publiflied, in ifijl, a 
body of Allionomy, which, in imitation of Ptolemy, he 
called jtV mage jl um Novum, the New Almugrjl ; being a 
large collection of ancient and modern obfcrvations aiul 
difeoveries, in thefciencc of Atlronomy. 

ALMAMON, caliph of Bagdat, a pliilofophcr and 
allmuomer in the beginning of the 9th century, he 
having afeended the throne in the year 814. He was 
fou of Huruii Al-Knfhid, and grand-ion of Almanfor. 
His name i:i otherwil'e written A l am on, Aknann, Alma- 
man. Alarm uh, or Al-Maimun, Having been educated 
with gtent care and with a fine for the liberal fcienccs, 
lu applied himfirlf to cultivate and encourage them in his 
own eounli y. For this purpofc he requcfled the Greek 
cmpeiors to fujqily him with fucli books on philofophy 
as they had among them ; and he colled led fkilfttl in¬ 
terpreters to tratiilate them into the Arabic language. 
He alfo encouraged his fuhjects to finely them ; fie* 
quenting the meetings of the learned, and aflifling at 
their cxercifes and delihetations. He caufed Ptolemy’s 
Ahnagell to he tranfiated in 827, by Ifaac Ben-honain, 
and Titabel Ben-korah, according to Herbelot, but ac¬ 
cording to others by Sergius, and Alhazcn, the foil of 
Jofeph. In his reign, and doubtlcfs by his encourage¬ 
ment, an allror.omer of Bagdat, named Habalh, cum- 
pofed three fets of aflronomical tables. 

Almamon hitnfelf made many allronontical oliferva- 
tions, and determined the obliquity of the ecliptic tetbe 
then 23 0 37' (or 23 0 33' in fome manufeiipts), but 
Vofiius fays 23 0 51' or 23 0 34'. He alfo caufed fkil- 
ful obfervers to procure proper inilruments to be made, 
and to cxercife themfelves in aflronomical obfcrvations ; 
which they did accordingly at Shemali in the province 
of Iktgdat, and upon Mount Cafius near Dantas. 

Under the aufpices of Mamon alfo a degree of the 
meridian was mtafured on the plains of Sinjar or Sind- 
giar (or according to fome Fingar), upon the borders of 
the Red Sea ; by which the degree was found to con¬ 
tain 56 s miles, of 4000 coudecs each, the coudec being 
a foot and a half: but it is not known what foot is here 
meant, whether the Roman, the Alexandrian, or fome 
other. Riccioli makes this mcaiitie of the degree 
amount to 8 X ancient Roman miles, which value anfwcra 
to 62046 French toifi..-: a quantity more than the true 
value of the degree hv ahttoil one-third. 

Finally, Mamon reined the fciences it) the Fall to 
fucli a degree, that many learned men were found, not 
only in his own time, but after him, in a country where 
the finely of the Lienee;, lied been long fiorgi tten. ’Phi* 
learned king died near Tarlus in Cilicia, by having eaten 
too freely of fome dates, on his return from a military 
expedition, in the year 833. 

ALMANAC, a calendar or table, in which ate fet 
down and marked the days and (calls of the year, the 
common cecleliallical notes, the courfc and phafes of 
O 1 the 
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the moon, &c, for each month: and anfwers to the 
fafli of the ancient Romans. 

The etymology of the word is much controverted 
among grammarians.-—Some derive it from the Arabic, 
viz, from the particle a/, and matin/.', to count. While 
Scaliger, and others, derive it from the fame a I, and the 
Greek f*aw»*oc, the com fe of the months. Hut doling 
controverts their opinions, and aforibes the word to 
another origin, though lie 11 ill makes it of Arabic extract, 
which it more evidently is. lie fays that, in the Kait 
it is the cuilom for the people, at the beginning of the 
year, to make prtfcnt.s to their princes; and that, among 
the red, the aftrologenj prefeiit them 'with their alma¬ 
nacs, or ephemcrides, for the year enfuing ; whence 
thefe came to be called alnuviha, that is, new-year’s 
gifts. But this derivation feeing rather drained and 
improbable; for, by the fame mle, the gifts or produc¬ 
tions of other ait ills, or claffes of men, might aifo be 
called almanacs. There are other gueffes at the ety¬ 
mology ; and Verbegan writes the word almonac, and 
makes it of German original. Our anccRors, he ob- 
ferves, uftd to carve the courfes of the moon, for the 
whole year, upon a fquare piece of wood, which they 
called al~n:oiwgh/, which is as much as to fay, in old 
lingldh or Saxon, all-moon-hcrt/. 

Almanacs are of various kinds and composition, fume 
hooks, others (hoots, &c, fome annual, otbets perpetual. 
The elfential part is the calendar of months, weeks, and 
days ; the motions, changes, and phafvs of the moon ; 
with the riftng and fitting of the fun and moon. To 
thefe are commonly added various matters, allronomical, 
aftrological, chronological, meteorological, and even 
political, rural, medical, &c ; as ullo eclipfes, folar in- 

{ ^re fit's, afpedls, and configuration., of the heavenly bodies, 
unations, heliocentric and geocentric mo'ions of the 
planets, prognofiieations of the weather, and predictions 
offither events, the tides, twilight, equation of time. See. 

Till about the 4th century, almanacs bore the marks 
of heathenifm only ; from thence to the 7th ceiitiny, 
they were a mixture of heathenifm and chrilli.inity ; 
and ever fince they have been altogether chriilian: but 
at all times, afirological and other pi editions have been 
conlidered as an effential part, and Hill arc fo to this day 
with fcvcral of them, notwithfianding that moil people 
ajfid to dilbelieve in fueh predictions. 

Nau/icaf Almanac, and AJlrommical Ej>htmrris, in a 
kind of national almanac, chit fly for nautical purpofts, 
which was begun in the year 1767 under the direction 
of the' Board of Longitude, on the recommendation of 
the prefent worthy Ailronomer Royal, who has the 
immediate conducting of it. Jt is ilill publiflicd by an¬ 
ticipation for fcvcral years before band, for the con¬ 
venience of (hips going out upon long voyages, for 
which it is highly uftful, and was found eminently fo in 
the courfe of the late voyages round the wo;Id for 
making difeoveries. Befidcs molt things effential to 
general ufe, that are to he found in other almanacs, it 
contains many new and important particulais ; more 
efpccially, the difiances of the moon from the fun and 
fixed flars, which are computed for the meridian of the 
Royal Obfervatory of Greenwich, and fi t down to every 
three hours of time, exprefsly defigued for computing 
the longitude at lea, by comparing thefe with the like 
difiances obferved there. 


ALMANAR, in the Arabian a Urology, denotes the 
pre-eminence or prevalence of one planet over another. 

ALMUCANTARS, Almacantars, or Almi- 
cantars, from the Arabic almoainthara' , are circles 
parallel to the horizon, conceived to pais through every 
degree of the meridian ; feiving to (hew the height of 
the fun, moon, or ilars, &c ; and are the fame as the 
pantile Is. of altitude. 

A l m u c anta K-Stttfl', was an infirument formerly 
v.fed at fea to obferve the fun’s amplitude at riling or 
fitting, and thence to determine the variation of the 
compafs, 5 a:. The infirument had an arch of 15 dc- 
giecs, made of fome fmooth wood. 

AbPHONS 1 NH Talus, arc aflronomical tables 
compiled by order of Alplionfus, king of Cafiilc. In 
the compiling of thefe it is thought that prince liimfelf 
affilled. See .. '/hunemiral tables. 

ALPHON.suI] the 10th, king of I.eon and Cafiilc, 
who has been furnamed The Wile, on account of his at¬ 
tachment to iiteiature, and is no.v more celebiatcd fo; 1 
having been an ailronomer than a king. He was born 
in 1203 ; fuccccifid his fallur I\rdiuand tile 3d, i;i 
127? ; and died in 1-84, confcqueutly at the age o( 81. 

Tlit affaiis of the reign of Alplionfus wire \in- 
cr.traoidinary and unfortimate fi.r him. But we Audi 
here only conlidcr him in that par! of liis ehaiailei, on 
account of which lie has a place in this work, namely, 
as an ailronomer mid man of fitters. He unde 1 Rond 
aftronomy, philofophy, and hiitoiy, as if he had been 
only a man of letters ; and eompofid hooks upon the 
motions of the heavens, and on the hillorv of S]>ain, 
which are highly commended. “ What can be more 
furprifing,” lays Mariana, “ than that a prince, educated 
in a camp, and handling arms bom his childhood, 
fhould have fueh a knowlei 'S' of the liars, of philofii- 
>hy, and the tranfactions of the world, as nun of 
cilurc can fcarcely acquire in their retirements ! 
There are extant lomc books of Alplionfus on tiic 
motions of the liars, and the hillory of Spain, written 
with great fkill and incredible care.” In his aihonomieal 
purl’uits he difeovered that the tables of Ptolemy were 
full of errors; and thence he conceived the firll of any 
the refolution of corre&ing them. For this purpofc, 
about the year 1240, and during the life of his father, 
lie affcinblcd at Toledo the moll fkilful ollronomcis of 
his time, Chrillians, Moors, or Jews, when a plan was 
formed for eonftrudting new tables. This talk was ac- 
coinplifiied about tzrz, the firft year of his rcigii; the 
tables being drawn up chiefly by the fkill and pains of 
Rabbi Ifaac Hasan a learned Jew, and the work called 
the Alphtnjine Tables , in honour of the prince, who was 
at vail expences concerning them. He fixed the epoch 
of the tables to the 30th of May 12 >2, being the day 
of his acccfiion to the throne. They were printed for 
the firft time in 1483, at Venice, by Rad toll, who ex¬ 
celled in printing at that time ; an edition extremely 
rare: there are others of 1492, 1521, 1545, &c. 
(Weidler, p. 280). 

Wc mull not omit a memorable faying of Alplionfus, 
which has been recorded for its lioldiiefs and pretended 
impiety ; namely, “ that if he had been of God’s privy 
council when he made the world, he could have advifed 
him better.” Mariana however fays only in general, 
that Alplionfus was fo bold as to blame the works of 
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Providence* and the conftru&ion of our bodiesj and he 
fays that this ftory concerning him refted only upon a 
vulgar tradition. The Jefint’s words are curious: 
“ Emanuel* the uncle of Sanchez (the fon of Alphon- 
fus), in his own name, and in the name of other nobles, 
deprived Alphonfus of his kingdom by a public fcntence: 
which that prince merited, for daring Severely ancLboldly 
to cenfurc the works of divine Providence, and the con- 
ftrudtion of the human body, as tradition fays he did. 
Heaven moil juftly punifhed the folly of his tongue.” 
Though the (ilencc of fucli an liiflorian as Mariana, in 
regard to Ptolemy’s fyftem, ought to be of fome weight, 
vet we cannot think it improbable, that if Alphonfus 
did pafs fo hold a cenfurc on any part of the univeife, 
it was on the cckflial fphere, and meant to glance upon 
the contrivers and fupportets of that f’yftem. For, hc- 
fidcs that he Audit'd nothing more, it is certain that at 
that time nflronomcrs explained the motions of the 
hcaveur, bj intricate and confufcd hypothefes, which did 
no honour to God, nor anyv/ife anfwvred the idea of 
an able workman. So that, from conlidcring the multi¬ 
tude of lphcics cu.-.p •'■.Ig the fy 11 cm of Ptolemy, and 
tliofe numerous t. :niie cycles and epicycles with 
vhh. ii it is emhan ailed, if we fuppofe Alphonfus to have 
laid, “ That if God -i.id a Iked his advice when lie made 
the vot'd, he would have given him better council,” 
the hohiiufi and impiety of the cenfurc will be greatly 
diminifhed. 

ALSfED (JouK-lIfNRv), a German proteftant 
divine, and one of tlu- moll indefatigable writers of the 
17th century. He was fome time profeffor af philolo- 
pliy and divinity at Herb-urn in the county of NalTau : 
from thence he went into Tranftlvauia, to be profeffor 
at Alba Julia ; where he Continued till his death, which 
happened in 1638, being then 50 years of age. He 
applied himfclf chiefly to compofe methods, and to re¬ 
duce the feveral branches of arts and fciences into fyllcms. 
His Evrydop/tilia has been much efteerned even by 
Roman Catholics; it was printed at Lyons, and fold 
very well throughout all France. Yufluis mentions the 
Encyclopaedia in general, but fpeaks of his treat ife of 
Arithmetic more partieulaily, and allows the author to 
have been a man of great reading and univcrfnl audition. 
His Thr f. turns Chrortlogirus is by fome cllccmed one 
of his bed works, and lias gone through feveral edi¬ 
tions, though others fpeak of it with contempt. In his 
Triumphal Jlibiuus Allied endeavours to prove that 
the materials and principles of ;.I1 the aits and fciences 
may he found in the feript tires ; hut he gained very few 
to his opinion. John Himrnclius wrote a piece again it 
his Thiuhgia Polemics, which was one of Allied’s bed 
performances. It feems he was a millenarian, having 
publifhed, in 1672, a tieatife De lidlc A tints, in which 
he afTerts that the faithful (hall reign with Jefus Chrilt 
upon earth a thoufand ycats ; after which will be the 
general refurreftion, and the lull judgment; and he pie- 
tended that this reign would commence in the year 1604. 

ALTERNATE tingles, ate the in¬ 
ternal angles, A and 15 , or a and b, 
made by a line cutting two parallel 
lines, and lying on ojipofitc tides of 
the cutting line. It ts the property 
of thefe angles to be always equal to 
each other, namely the angle A = the 


angle B, and the angle a — the angle t. And the ex ¬ 
terior alternate angles are alfo equal. 

Alternate Ratio or Proportion, is the ratio of the 
one antecedent to the other, or of one consequent to 
the other, in any proportion, in which the quantities 
are of the fame kind. So if A : B :: C : D, 
then alternately, or by alternation A : C r: B : D. 

ALTERNATION, or Permutation, of quantities 
or things, is the varying or changing the order or po- 
fition of them. 

As fuppofe two things a and b ; thefe may he placed 
either thus ab or ba that is two ways, or I x 2. If 
there he three things, a, b, c, then the 3d thing e , may¬ 
be placed three different ways with refpeft to each of 
the tw® pofitions ab and ba of the other two things, 
it may Hand either before them, or between them, or 
after them both, that is, it may Hand either 1 ft, ad, or 
3d ; and therefore with three things there will he three 
times as many changes as with two, that is 1 x 2 x 3 or 
fix changes with three things. Again, if there be four 
things a, b, e, d ; then the fourth thing d may be 
placed in four different ways with refpeft to each of the 
lix pofitions of the other three ; for it may be fet either 
ill or 2d or 3d or 4th in the order of each pofttion ; 
confcquenily from lour things there will be four times 
as many alternations as there arc from three things; 
and therefore 1 X : X 3 X 4: 24 is the number of 
changes with four things. And fo on, always multi¬ 
plying the lad found number of alternations by the next 
number of things; or to find the number of changes for 
any number of things, as n, multiply the fcrics of natural, 
numbers J, 2, 3, 4, 5, See, to «, continually together, 
and the laft product will be the number of alternations 
fought; fo 1x2x3X4X5 ----h is the number of 
changes in n things. 

So if, for example, it were required to find how many 
changes may be rung on 1 z hells ; it would he . 

1 X 2x3x4x5x6x7x8x9x10x11::® 2 ~ 
479001600,the number of changes. Now ftippofing 
there might he rung 10 changes in one minute, that is 
10 x 12 or 120 ftrokes in a minute, or 2 ilruh.es in each 
fecund of time ; then, according to this rate, it would 
t..ke upwards ol 91 years to ring over all thefe changes 
on the 12 hells only. Alfo, if hut two more hells were 
added, making 14 hells; then, at the fame rote of tinging,, 
it would require about 1657 7 years to ring nil the changes 
oil 14 hells hut once over. And if the number of bcll-i 
were 2 4, it would require more than 11 700COCOWC ooocoo 
years to ring all the different changes upon them ! 

ALTIMETRY, Altimetkia, tie art of taking 
or moafuving altitudes or heights, whether acccfilble or 
iiiacccfiibJe. Or 

Altimctria is the part of practical Geometry which 
refpefts the theory and practice of mtaluring both 
heights and depths, and both in rcfpcift of pcrpcndicui.ir 
ami oblique lines. 

ALT 1 NG (Jami s), was born at Heidelberg in 
1618. He travelled into England in ih.jo, wliete lie 
was ordained by the learned Dr. Prideaux, biihop of 
Worcefter. He aftet wards fucccvdcd Gomarus in the 
profefforfiiip of Ginning hen. He died in '697 ; and 
recommended the edition oi his works to Menlo Airing 
(author of Nolitia German. Infer. Amiquat) ; hut 
they were publifhed in 5 vols folio, with his life, by 
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Bekkcr of Amflcrdam. They contain various ana¬ 
lytical, excgctieal, pradlical, problematical, and philo- 
fophical tiads, which fhew his great incluttry and know¬ 
ledge. 

ALTITUDE, in Geometry is the third dimenfion of 
body, confidered with refper.l to its elevation above the 
ground: and is otherwife called its height when mea¬ 
sured from bottom to top, or its depth when meafured 
from lop to bottom. 

AtriTUDr; of a figure, is the diitancc of its vertex 
from the hair, or the length of a perpendicular let fall 
from ils vertex to the bale. The altitudes of figures 
are ufeful in computing their areas or folidities. 

An•rrwtii., or Height of any point of a terrrflrial 
object, is tlie perpendicular let fall from that point to the 
plane of the horizon. Altitudes are diitinguifhed into 
accejJUde and m.ieeeffible, 

Aceejjtble Alti ruDF. of an objeft, is that wliofe bafe 
there is acccfs to, to mcafure tlie nearell diitancc to it 
on the ground, fiom any place. 

Inatceffible Altituih, of an object, is that whofe 
bafe there is not free acccfs to, by which a difiance 
may be meafured to it, by rcafon of Ionic impediment, 
fuch as water, wood, or the like. 

To mcetfurc or take At- iirruEs. If an altitude 
cannot be meafured by dretching a firing from top lo 
bottom, which is the dirett and mod accurate way, then 
fome indirect way is ufed, by actually mcafuring lbme 
<itberline or dillauce which may lervc ar. a balis, in con¬ 
junction with Jbmc angles, or other proportional lines, 
cither to compute, or geometrically determine, the al¬ 
titude of tlie object fought. 

There are various ways of meafuring altitudes, or 
depths, by means of different iudruments, and by fhadows 
or reflected images, on optical principles. There are 
alfo various ways of computing the altitude in numbcis, 
from the meafurements taken as above, eithtr by geo- 
metifcal confirmation, or trigonometrical calculation, or 
by Ample numeral computation front the property of 
parallel lines, &c. 

The inllrmnciits moflly ufed in meafuring altitudes, 
arc the quadiaut, theodolite, geometrical ftjuarc, line 
of fliadows, icc ; the deferiptions of each of \shich may 
be feen under their rcfpec.tive names. 

To mcafure an AccefftLL• Altitude C\ metrically. Thus, 
fuppofc the height of the aeeefiible tower AB be re¬ 
quired. Firfl, by means of two tods, the one longer 
than the other: plant the longer upright at C; then 
move the fhorter back from it, till by trials you find fuch 
a place, D,that the eye placed at the top of it at E, may 
fee the top of the other, F, and the top of the object B 
ftraigbt in a line : next mcafure the didauevs DA or 
EG and DC or EH, alfo IIF the difference between the 
heights of the rods: then, by fimilar triangles, as hli : 
EG: : HF: the 4th proportional GB; to which add 
AG or DE, and the l'um will be the whole altitude AB 
fought. 

O h 



Or, with one rod CF only: plant it at fuch a place C, 
that the eye at tlie ground, or near it, at I, may fee the 
tops F and B in a right line: then, having meafured IC, 
I A, CF, tlie 4th proportional to thefe will be the al¬ 
titude AB fought. 

Or thus, by means of Shadows. Plant a rod ah at 
a , animcafure ils fhado'V ae, aw alfo tlie fhadow AC of* 
the object AB ; then the 4th piupurtiunal tour, ab, AC 
will he the altitude x\B longlit. 
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Or thus, by means of Optical Reflection. Place a 
vcffel of water, or a minor or otlur nil- Cling li t.f.-ee, 
horizontal at C ; and move nfl from it to Inch a d..’ 1. < 1, 
1), that the eye E may fee the image of the top of >'i 
objiOi in the min01 at C : then, by fimilar tigiuc., t D . 
DE :: CA : AB the altitude fougljt- 



Or thus, by the Gcomctiical Square. At any place. 
C, fix tbefland, and tin 11 the fipiare about tbe centu ot 
motion, D, till the eve there fee the top of the object 
through the fights or tclefcopc on the fide DE of the 
quadiaut, and note the number of divifiont cut of! the 
other fide by the plumb line EG: then as 11F: l'C V 
: : DH : 1IJ3 ; to which add All or CD, for the 
whole height AB. 





To mcafure an Acer flic Altitude Trigt. wrintri. , 1 1'y. A t 
any convenient flation, C, with a quadrant, theodohti, 
or other graduated iullrumcut, obf< I've the angle of 
elevation ACB above the horizontal line AC ; and mu- 
furc the diitancc AC. Then, A being a right angle, it 
will be, as radius is to the tangent of the angle A, lo is 
AC to Ali fought. 

If AC be not horizontal, but an inclined plane ; then 
the angle above it muft be cbfcrvcd at two flntions C and 
D in a right line, and the diftances AC, CD both men* 
fared. Then, from the angle C take the angle D, and 
there remains the angle CBD ; lienee in the triangle 
BCD, are given the angles and the fide DC, to find the 
fide CB ; and then in the triangle ABC, are given the 
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two (idea CA and CB, with the included angle C, to 
find the third fide AB. 



Or thus, menfure only the diftanee AC, and the an¬ 
gles A and C: then, in 1 lie triangle ABC, are given all 
the angles and the fide AC, to find the fide AB. 

Tn meafure an Jna crjfihle Attitude, as a hill, cloud, 
or otliei object. This is commonly done, by obfeiv- 
ing the angle of its altitude at two flations, and inca- 
iin ing tin' dilhmce between them. Thus, for the height 
AB of a hill, nuaftire the did anee Cl) at the foot of it, 
and ofifiTW the quantity of the two angles C and 1 ). 
Tk< 1:, from the angle C taking the angle 1 ), leaves the 
yi,■•le CBJ) ; lienee 

j\;. fine Z.CBI): fine Z. 1 ) : : CD; CB ; and 
As tad.: line L. ALB : : CB : AB the altitude. 



And for a balloon, or cloud, nr other moveable ohjeft 
C, let twoohlcrveis at A and 13 , in a plane with C, take 
at the fame time the angles A an 1 B, and meafure the 
fiillunee h. tween them All; then calculate the altitude 
CD ex.ii.ih as in the lad example. 



To find the height of an object, by knowing theut- 
irnill ditlance at which its top can be juft feen in the ho¬ 
rizon. As fnppofe the top II of a tower FH can be 
jull ficn from E when the diftanee 11 F is 25 miles, fhp- 
poliug the eireumltienee of the eatth to be 25000 miles, 
or the radius 3979 miles or 2 k 09120 feet. Fit ft, as 
2 scoo : 25 ; : 360°; 2 1' $(>" equal to the angle G ; 
then as radius : fee. Z.G : : EG : GU, which will be 
found to be 21009536 feet; from whieh take EG or 
GF, and there remains 416 feet, for Fll the height of 
the tower fought.— Or lather thus, as xccoooco radius; 
198 =2 fee. CG —radius :; 21009120 = EG : 416 = 
FH, as before. 

Or the fame may be found eafier thus : The horizon 
slips nearly 8 inches or * of a foot at the diftanee of 1 
mile, and according to the fquarc of the diilaucc for 


other diftanccs ; therefore as 1* or 1:25* or 625 : : f : 
| of 625 or 416 feet, the fame as before. * 

There is a very tafy method of taking great terreftrial 
altitudes, fuch as mountains &c, by means of the differ¬ 
ence between the heights of the barometer obferved at 
the bottom and top of the fame. Which fee under the 
aiticlc 13 AR.OMi.TfcR. 

Altitude of the Eye , in PerfpePive, is a right line 
let fall from the eye, perpendicular to the geometrical 
plane. 

Altitude, in AJJronomy, is the arch of a vertical 
circle, lneafm ing the height of the fun, moon, liar, or 
other ccldlial object, above the horizon. 

This altitude may be either true or apparent. The 
apparent altitude is that whieh appears by finfible ob¬ 
servations made at any place on the fur fate of the earth. 
And the true altitude is that which refultsby correcting 
the apparent, on account of refraction and parallax. 

The quantity of the refraction is different at different 
altitudes; and the quantity of the parallax is different 
according to the ditlance of the different luminaries ; in 
the fixed liars this is too fmall to be obferved ; in the fun 
it is but. about 84 ficomls; but in the moon it is about 
52 minutes. 

Altitudes are obferved by a quadrant, or fextant, 
or by the fiiaduw of a gnomon or high pole, and by 
various other ways, as may be fecn in moil books of 
aftronotriy. 

Meridian Altitude, is an arch of the meridian in¬ 
tercepted between any point in it and the horizon. So 
if HO be the horizon, and HKZO the meridian ; then 
the arch HE, or the angle HCE, is the meridian alti¬ 
tude of an object in the meridian at the point E. 



Altitude, .or eh vat ton, of the Pole, is the angle 
OCP, or arch Ol’of the meridian, intercepted between 
the liori/.ou and pole P. 

This is equal to the latitude of the place ; and it may 
be found by obfeiving the meridian altitude of the pole 
liar, when it is both above anti below the pole, and 
taking half the fum, when courted on aexuint of 
refraction. Or the fame may be found b) the decli¬ 
nation and meridian altitude of the fun. 

Alt itude, or elevatiun, of tin' equator, is the an de 
HCE , or arch HE of the meridian, between the horizon 
and the equator at E ; and it is equal to ZP the co- 
latitude of tiie place. 

Altitude of the Tropics, the fame as what is other- 
wile called the f/fitia/ ahituJt of the fun, or his meridian 
altitude when in the foliliiial points. 

Altu uuf, or bright, of the !:■/> izott, or of ftars &c 
feen in it, Is the quautilv by which it is raifed by re¬ 
flation. 

liefaflwn of Altitude, is an arch of a vertical cir¬ 
cle, by which the true altitude of the moon, or a liar, 
or other object, is increafcd by means of the icfration; 

and 
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■amd is different at different altitudes, being nothing in 
the zenith, and grcntdl at the horizon, where it is about 
33'. - 

Parallax of Altitude, is an arch of a vertical circle, 
by which the true altitude, cbferved at the centre of the 
earth, exceeds that which is oblervrd on the furfacc ; 
or the difference between the angles (! LM mid 1 IK of 
altitude there ; and is equal to the angle 1 d L formed at 
the moon or cthci body, and fubtended by the radius 
IIj of the earth. 

It is evident that this angle is left, as the luminqry is 
■farther diftant from the earth; and alio let's, for \iny 
one luminary, as it is higher above the horizon ; being 
glinted there, and nothing in tl;c‘ zenith. 

Altitude of the Nnnayfu a', in the altitude of the 
9 Cth degree of the ecliptic, counted upon it from where 
it cuts the horizon, or of the middle or higheft point of 
it which is above tire horizon, at any time ; and Is equal 
to the angle made by the ecliptic and horizon where they 
inteffect at that time. 

Altitude of the cone rf the earth's or naan'sJhaaorv, 
the height of the fhadow of the body, made by the fun, 
and tncaftircd from the centre of the body. To 11 nd it, 
fay, As the tangent of the angle of the fun’s apparent 
femidiametcr is to radius, fo is i to a 4U1 proportional, 
which will he the height of the lhadow, in femidiamc- 
ters of tire body. 

So, the greeted height, of the earth’s (hadow, is 
217-8 femidiameters of the earth, when the-fun is at 
his greateft dillance, or his feniidiameter fuhtends an 
angle of about 15' 4.7"; and the height of the fame is 
210*7 femidiameters of the earth, when the fun is ncaretl 
the earth, or when his femidiametcr is about 1 Ci 19”: 
And proportionally between thelc limits for the inter¬ 
mediate diftanccs or femidiameters of the fun. 

The altitudes of the fliadows of the earth and moon, 
are nearly as 11 to 3, the proportion of their diameters. 

Altitu r>F, or exaltation, in nftrology, denotes the 
fecond -of the five cffcntial dignities, which the planets 
acquire by virtue of the ligns they are found in. 

Altitude of motion, is a term 11 fed by Dr. Wallis, 
for the mcafure of any motion, eflimated in the line of 
direction of the moving force. 

Altitude, in fpeaking of fluids, is more frequently 
exprefied by the term fifth. The preffure of fluids, 
in every direction, is in proportion to their altitude or 
depth. 

Altitude of the mercury, in the lammrt'r and ther¬ 
mometer, is marked by degrees, or equal divilions, placed 
by the fide of the tube of thofe in liniments. 

The altitude of the barometer, or of the mercury in 
its tube, at London, is ufually comprifed between the 
limits of 28 arid 31 inches; and the mean blight, for 
every day in feveral years, is nearly 29-87 inches. 

Altitude of the pyramids in Jfypt, was meafured 
fo long fmee as the time of Thales, which lie effected 
by means of their fhadow, and that of a pole fit upright 
befide them, making the altitudes of the pole and py¬ 
ramid proportional to the lengths of their fliadows. Plu¬ 
tarch has given an account of the manner of this ope¬ 
ration, which is one of the firfl geometrical obfervat ions 
vve have an exaft account of. 

Altitude, circles of, parallels of, quadrant of, (s'c. 

See the rcfpedlive words. 


JRqtta! Altii vnt hflrmtnt , is »n inflntmsnt ufed t* 
obferve a celcllial object, when it has the fame or an 
equal altitude, on both tides of tIre meridian, or bcfoic 
and after it paffes the meridian: «n tiiftrutncni very 
ufeful in adjuftie.g clocks &c, and for comparing equal 
and apparent time. 

AM BIENT, cncompafftng round about 5 nr. the budu * 
which are placed about any other body, are called am¬ 
bient bodies, and fometimes cbeum-amli'nt bodies; and 
the whole mafs of the air or atinofphere, bivaufe it en- 
comjvilTcs all thing’s on the ace of the earth, is cubed 
the and lent ;ur. 

AMB 1 GENAL Tfyperholt, a name given by Newton, 
in his r.numeralia I’tnrarum tertii oe.t.n:., to one of the tri¬ 
ple hyperbolas EOF of the fecond onltr. having i>r* 
of its infinite legs, a, KG, falling within the midr 
A CD, formed by the iilympiotiAt’, CD, and tlie 
other leg OF falling without that angle. 



AMBIT, of a fyure, in Geometry, is the pc rime 
ter, or line, or fum of the lilies, by which the figure 
is bounded. 

AMBLIGON, or Amdi.igon • 1., in Gimnetry, frg- 
nitics oh tuft -angular, as a triangle which has one of ns 
angles obtufc, or confiding of more than 90 degrees. 

AMICABLE numbers, denote pairs of niimh.’ir, of 
which each of them is mutually equal to the fum of all 
the aliquot parts of the other. So the foil or lea It pair 
of amicable numbers are 220 and 284 ; all the aliquot 
parts of which, witi. their films, are a:- follow, v;/., » 
of 2 20, they are 1,2,4,31 1 5 , 11, 20, •*-, 44i 55 * 

110, their fum — — -d?4; 

of 284, they arc 1, 2, 4, 7 r, 142, and their fum is 220. 

The ad pair of amicable iiii.r.beis arc 1729b and 
18416, which have alio the fame property as above. 

And the 3d pair of atm.sib a umulnis are 936 35 s -! 
and 9437056. 

Tliefc three pairs of amic.’.Ne iniir.hers wen found 
out by F. Schoolen, fcCt. 9 of his lix-r.}:.• t -:.. n ,r Mat '. ■ 
malic at, who 1 believe fitft give the name of ami. aide 10 
fuch numbers, though finh proveities of numbers it 
feems had before been treated of by Kudolphus, lJei- 
cartes, and others. 

To find the fit fl pair, Sehoot. n puts 4.V a-id qvs, or 
a % x and a'y/. for the two numbers vvheie a ~ 1 ; then 
making each of tliequal to the fum of the aliquot 
parts of the other, gives two equation?, from which arc 
found the values of x and a:, anil coufeqiinitly, afi.i.ning 
a proper value for y, the two amicable numbers them* 
fclves 4.1- and 4y-s. 

Iu like manner for the other pain of f.tch numbers ; 
in which he finds it ncccffnry to affume 16 .v and 1 tyr. or 
a*x and a 4 yz for the 2d pair, and 128.V and la.-j’z or 
a 1 x and a n yz. for the 3d pair. 

Schootcii 
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Schooten tfeeo gtvej tbi# praftical rple, from Def* 
partes, for finding amicable number#, yiz # Aflume the, 
pulfibcr 2, or fome power of the number #, fuch that 
if unity or i be fubtrafted from each of thefe three fol¬ 
lowing quantities viz; , 

from 3 times the a (Turned number, 

alfo from.6 times the aflinned number,. 

and from 18 times thcfquarcof the aflumed .number, 
the three remainders may be all prime numbers; then 
the lad prime number being multiplied by double the af- 
fumed number, the product will be one of tire amicable 
numbers fought, and the fum of its aliquot parts will be 
the other. 

That is, if a be put = the number 2, and n fome 
integer number, fueh that 30“ — 1, and 6a n —T, and 
18rt S| ' — t be all three prime numbers; then is i8tf lrt -r l 
X ?a n one of the amicable numbers} and the fum of its 
aliquot parts is the other. 

AMONTONS (William), an ingenious French 
experimental philofopher, was born in Normandy the 
3ill of Augull 1663. While at the grammar febool, 
lie by ficknefs contracted a deafnefn that almod excluded 
him from the converfation of mankind. In tin’s fitu- 
ation he applied liiniielf to the. ltudv of geometry' and 
mechanics; with which he was fo delighted that it is 
faid he refufed to try any remedy for his diforder, cither 
heenufe he deemed it incurable, or bceaufe it increafed 
his audition to his lludies. Among other objects of his 
duly, were the arts of drawing, of land-furveying, and 
of lmihling; and (hortly after he acquired• fome know¬ 
ledge of iliofc more fuhlime laws by which the univerfe 
is regulated. He (tndied with great care the nature of 
barometers and thermometers; and wrote his treatife of 
Oljl r vtitioHi and Experiments concerning a new Hour-gla/r, 
undeoneernsng Hammeters, Thermomiters, and Hygrofiopes; 
as alfo fome pieces in the Journal des Savans. In 1687, 
lie preiented a new hygrfJTcope to the Academy of Sci¬ 
ences, which was much approved. He found out a 
method of conveying intelligence to a great didance in 
a (liort fpacc of time : this was by making fignals from 
one pet fun to another, placed at as great didances from 
each other as they could fee the fignals by means of te- 
leicopc.i. When the Royal Academy was new regulated 
in 1(199, Amontons was chofen a member of it, as an 
vievc under the third Adronomcr; and he read there 
liis blew 'Theory nj Friflion, in which he happily cleared 
up an important object in mechanics. In fa 61 he had a 
particular genius for making experiments : his notions 
were jud and delicate : and he knew how to prevent the 
inconveniences of his new inventions, and had a won¬ 
derful (kill in executing them. He died of an inflam¬ 
mation in liis bowels, the 1 ith of October 1705, being 
only 42 years of age. 

The elope of Amontons may be feen in the volume of 
the Memoirs of the Academy of Sciences for the year 
1 7 oc .\ Hid. pa. 150. And his pieces contained in 
the different volumes of that work, which are pretty 
numerous, and upon various fubjc6ts, as the air, a£lion 
of fire, barometers, thermometers, hygrometers, fridtion, 
machines, heat, cold, rarefactions, pumps, flic, may be 
feen in the volumes for the years 1696, 1699, 170?, 
1703, 1704, and 1705. 

AMPHlSCil, or Amphiscians, arc the people 
who inhabit the torrid zone; which arc id called, bceaufe 

Vol.1. 


they liipre their (htdow at noon turned fometime* pent 
way, and fomettinea another, namely, at one titne of 
the year toward# the north, and at the other toward# the 
fouth. , , ( . .. 

_ AMPLITUDE, ia gunnery, the raage of the projec¬ 
tile, or the right line upon the ground fobtending the 
curvilinear path in which it moves. 

Amplitude, in ajlronamy, iaan arch of the horizon, 
intercepted between the true eaft or weft point, and the 
centre of the fun or a liar at its riling or Getting« fo 
that the amplitude is of two kinds; ort'vue or eaftetn, and 
occiduout or weltern. Each of thefe amplitudes is alfo 
either northern or fouthern, according as the point of 
riling or fetting is in the northern or fouthern part of the 
horizon : and the complement of the amplitude, or the 
arch of diilance of the point of riling or fetting, from 
the north or fouth point of the horizon, is the azimuth. 

The amplitude is of ufc in navigation, to find the va¬ 
riation of the compafs or magnetic needle. And the 
rule to find it is this: As the cofine of the latitude is to 
radius, fo is the fine of the fun’s or liar’s declination, 
to the fine of the amplitude. So irt the latitude of London, 
viz, 5i* 31', when the fun’s declination is 23° # 3 '; then 
cos. 51 0 31' the lat. - - —97939907 

fin. 23 28 the deck - ■+■ 9*6001181 

fin. 39 47 the ampk 9*8061274 

That is, the fun then rifes or fets 39 0 47' from the caft 
or weft point, to the north or fouth according as the 
declination is north or fouth. 

Magnetical Amplitude, is an arch of the horizon, 
contained between the fun or liar, at the rifing or fet¬ 
ting, and the magnetical eaft or weft point of the hori¬ 
zon, pointed out by the magnetical compafs, or the 
amplitude or azimnth compafs. And the difference be¬ 
tween this magnetical amplitude, fo obferved, *aud the 
true amplitude, as computed in the laft article, ia the 
variation of the compafs. 

So if, for inftance, the magnetical amplitude he ob¬ 
ferved, by die compafs, to be 6i° 47', at the time when 
it is computed to be - 39 47, 

then the difference - - *20 is the variation well* 

ANABIBAZON, a name fometimes given to the 
dragon’s tail, or northern node of the moon. 

ANACAMPTICS, or the fcicnce of the refle£lion« 
of (bunds, frequently ufed in reference t& echoes, which 
arc faid to be founds produced amicampticaHy, or by rc- 
flcflion. And in this fenfe it was ufed by the ancients 
for that jiart of optics which is otherwife called Catop¬ 
trics. 

ANACHRONISM, in Chronology*, an error in 
computation of time, by which an event is placed earlier 
than it really happened. Such is that of Virgil, who 
makes Dido to reign at Carthage in the time of Aineas, 
though,' in realitv, fhe did not arrive in Africa till 300 
years after the taking of Troy, 

An error on the other fide, by winch a fa6l is placed 
later, or lower than it fliould be, is called a parachronifm. 
But in common life, this dillin6lion, though p-oper, it 
not attended to; and the word anachrunifm is uted in¬ 
differently for tiie miilake on both fidcs. 

ANACLASTICS, or An ac l ati ts, an ancient name 
for that part of Optics which confidfis refracted light; 

P being 
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feeing tfee fame as what is more ufually called 1 dioptrics. 
See the Compendium of Amlrofiu: Rhodius, lib. 3, Op- 
tice, pa. 384 feq. 

Anaclastic Curves, a name given by M-. cfoMairan 
to certain apparent curves formed at the bottom of a 
veffel full of water, to an eye placed in the air ; or the 
vault of the heavens* feen by refra&ioa through the at k 
mofphere. 

M. de Mairan determines thcfe curves by a' principle 
not admitted by all authors; but Dr. Barrow, at the end 
of hit Optics, determines the fame curves by other prin¬ 
ciples. 

ANALEMMA, a planifphene, or projection of the 
fphere, orthographically made on the plcrne of the 
meridian, by perpendiculars from every point of that 
plane, the eve fuppofed to be at an mhnite di (lance, 
and in the eaii or wed point of the horiaon. In this 
projection, the folditial colure, and all its parallels, are 
projected into concentric circles, equal to the real cir¬ 
cles in the fphere; and all circles whofe planes pais 
through the eye, as the horiaon and its parallels, arc pro¬ 
jected into right lines equal to their diameters; but all 
oblique circles are projected into eQipfes, having die di¬ 
ameter of the circle for the tranfverie axis. 

This inftrument, having the furniture drawn on a 
plate of wood or brafs, with an horizon fitted to it, 
is uied for revolving many aftronomical problems; as 
the time of the fun's rifing and fetting, the length 
and hour of the day. &c. It is alfo ufeful in di¬ 
alling, for laying down the figns of the zodiac, with 
the lengths of days, and other matters of furniture, upon 
dials. 

The oldeft treatife vve have on the analemma, was 
written bv Ptolemy, which was printed at Rome in 
1562, with a commentary by F. Commandine. Pappus 
alfo treated of the fame. Since that time, many other 
authors have treated very well of the analemma; as 
Aguiionius,Taquet, Dechales, Witty, See. 

ANALOGY, the fame as proportion, dr equality, 
or fimilkude of ratios. Which fee. 

ANALYSIS, is, generally, the refolution of any 
thing into its component parts, to difeover the thing or 
the compofition. And in mathematics it is properly the 
method of rcfolviag problems, by reducing them to 
equations. Analyfts may be difiinguifhcd into the ancient 
and the modem. 

The ancient analyfts, as deferibed by Pappus, is the me¬ 
thod of proceeding from the thing fought as taken for 
granted, through its confcquences, to Something that is 
really granted or known ; in which fenfe it is the reverie 
of fynthefis or eompofition, in which we lay that down 
firfi which was the Iqfl ftep of the analyfis, and tracing 
the fteps of the analyfis back, making that antecedent 
here which was confequent there, till we arrive at the 
thing fought, which was taken or affumed as granted in 
the &rft ftep of the analyfts. This chiefly rcfpcAed 
geometrical enquiries. 

The principal authors on the ancient analyfts, as re¬ 
counted by Pappus, in the 7th book of his Mathematical 
ColieB'ums, are Euclid in his Data, P or if mat a, & de Locis 
ad Superfciem } Apollonius de SeBione Rati emit, de StBione 
SpatH, de Ta&ionious, de IncliHationibtis , de Loci* Plants, 
& de SeBionibus Conieis ; Ariftacus, de Locis So/itlis ; and 
Eiatofthcaes, de Mtdiis Propertionalibtu: from which 


Pappus gives many examples in the fame book. To 
thefc authors we may add Pappus himfelf. The fame 
fort of analyfis has alfo been well cultivated by many of 
the moderns; as Fermat, Viviani, Getaldus, SneJlius, 
Huygens, Simfon, Stewart, Lawfon, &c, and more 
efpecially Hugo d'Oineriquc, in his Analyfis Geometrica , 
in which he has endeavoured to reftore the Analyfis of 
the ancients. And, on this head. Dr. Pemberton tells 
us “that Sir Kaac Newton ufed to cenfurc himfelf for 
not following the ancients more elofely than he did; and 
fpoke with regret of his mi (lake, at the beginning of 
his mathematical fttidies, in applying himjelf to the 
works of Dcfcartes, and other algebraical writers, before 
he had confidered the Elements of Euclid with that at¬ 
tention fa excellent a writer deferves: that he highly 
approved the laudable attempt of Hugo d'Omerique to 
reftore the ancient analyfis.’’ 

In the application of the ancient analyfts mgeometri- 
cal problems, every thing cannot be brought within llridfe 
rules; nor any invariable directions given, by which we 
may fucceed in all cafes; but fume previous preparation 
is neceflary, a kind of mental contrivance and eonftruc- 
tion, to form a connexion between the data and quefita , 
which mult be left to every one’s fancy to find out; being 
various, according to the various nature of the problems 
propofed: Right lines muft be drawn in particular di¬ 
rections, or of particular magnitudes ; bifcCting perhaps 
a given, angle, or perpendicular to a given line ; or per¬ 
haps tangents mult be drawn to a given curve, fiom a 
given point; or circles deferibed from a given centre, 
with a given radius. Or touching given lines, or other 
given circles ; or fuch-likc other operations. Whoever 
is converfant with the works of Archimedes, Apollonius, 
or Pappus, well knows that they founded their analyfts 
upon fomc fuch previous operations; and the great (kill 
or the analyit conftftt' in difeoveriug the molt proper af- 
feCtions on which to found his analyfts: for the fame 
problem may often be effected in many different ways : 
of which- it may be proper to give here an example or 
two. Let there he taken, for inftancc, this problem* 
which is-the 15 $th prop, of the 7th book of Pappus. 

From the extremities of the bafe A, B, of a given 
Segment of a circle, it is required to- draw two lines AC, 
BC, meeting at a point C in the circumference, fo that 
they dial! have a given ratio to each other, fuppofc that 
of F to G. 

The Solution of this problem, as given- by Pappus, 1V 
thus. 

Analysis. 

Suppofc tbe thing done, and that the point C is found 1 
then fuppofe CD is drawn a tangent to the circle at C, 
and meeting the line AB produced in the point D. Now 
by the hypothefis AC 1 BC ; 1 F : G, and alfo AC 1 1 
BC*:: DA : DB, as may be thus proved. 



Since DC touches the circle, and BC cuts it, the an¬ 
gle BCD is equal to BAC By Euc. iti. 32 j alfo the angle 

Di* 
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D it common to both the triangles DC A, DCB; thefe 
are therefore fimilar, and To, by vi 4, DA: DC: : DC: 
DB, and hence DA* : DC* : : DA : DB by cor. vi 
20. But alfo, by vi 4, DA: AC : j'D'C :CB, and by 
permutation DA ; DC : : AC : BC, or DA* : DC* :: 
AC* s BC*; and hence, by equality, AC*: BC*:: DA: 
DB. 

But the ratio of AC* to BC* is given by prop. LVII 
of Simfon’s edition of the Data, bccaufe the ratio of 
AC to BC it given, and confequtntly that of 1 )A to DB 
is given. Now fincc the ratio of DA to DB is given, 
therefore alfo, by Data vi, that of DA to AB, and 
hence, by Data li, DA is given in magnitude. 

And here the analyfis properly ends. For it having 
been (hewn that DA is given, or that a point D may be 
found in AB produced, fuch, that a tangent being drawn 
from it to the circumference, the point of contaft will 
be the point fought; wp may now begin the compo¬ 
sition, or fynthetical demonft ration; which mud be done 
by finding the point D, or laying down the line AD, 
which, it was affirmed, wag given, in the lad dep of the 
analyfis. 

Synthesis. 

ConJlruSion. Make as F*: G*:: AD : DB, (which 
may be done, fincc AB is given, by making it as F* — 
G* : G* :: AB : DB, and then by compofition it will be 
as F* : G* : ; AD : DB); and then from the point D, 
thus found, draw a tangent to the circle, and from the 
point of contaft C drawing CA and CD, the tiling is 
done. 

Dtmtmflratton. Since, by the conftr. F* : G*;: 
AD : DB, and alfo AD : DB : : AC* : BC*, which 
hat been already demondiated in the analyfis, and might 
be here proved in the fame manner. Therefore F* : 
G* : : AC* : BC*, and confequently F : G : : AC: 
BC. S^E.D. 

Here we fee an indance of the method of refolution 
and compaction , as it was praftifed by the ancients, the 
dilution here given being that of Pappus himfelf. But as 
the method of referring and reducing every thing to the 
Data , and condantly quoting the fame, may appear now 
to he tedious and troublcfome: and indeed it is unne- 
cefiary to thofe who have already made themfeives ma¬ 
ilers of the fubflance of that valuable book of Euclid, 
and have by practice and experience acquired a facility 
of reafoning in fuch matters: I fhall therefore now 
fhew how we may abate fomething of the rigour and 
drift form of the ancient method of folution, without 
diminifiiing any part of its admirable elegance and per- 
fpicuity.. And this may be done by tbeinllance of ano¬ 
ther folution, of the many more which might be given, 
of the fame problem, as follows. 

Analysis. 

Let us again fuppofe that the thing is done, via AC : 
BC :: F: G, and let there be drawn BH making the 
angle ABH equal to the angle ACB, and meeting AC 
produced in H. Then, the angle A being alfo com¬ 
mon, the two triangles ABC and ABH are equiangular, 
and therefore, by vi 4, AC : BC 2 : AB: BH, in a 
given ratio; and, AB being given, therefore BH is 
given in poiition and magnitude. 


Synthesis. 

ConJlruSion /■ Draw BH making the angle ABH 
equal to that which may be contained in the given feg- 
ment, and take AB to BH in the given ratio of F to G. 
Draw ACH, and BG 

Demon/lration. The triangles ABC, ABH are equi¬ 
angular, therefore, vi 4, AC: CB: : AB : BH, which 
is the given ratio by conllruftion. 

Modern Analysis, confids chiefly of algebra# arith¬ 
metic of infinites, infinite feries, increments* fluxions, 
&c; of each of which a particular account may be fee a 
under their refpeftive articles. 

Thefe form a kind of arithmetical and fymbolt’ca! ana- 
lyfis, depending partly on modes of arithmetical com¬ 
putation, partly on - rules peculiar to the fymbols made 
ufe of, and partly on rules drawn from the nature and 
fpecies of the quantities they reprefeut, or from the 
modes of their cxidcnce or generation. 

The modern analyiia is a general iuilrument by which 
the fined inventions and the greatell improvements have 
been made in mathematics and philofophy, for near two 
centuries pad. It fumifhes the mod perfeft examples of 
the manner in which the art of reafoning fhould be em¬ 
ployed ; it gives to the mind a wonderful /kill for dif- 
covering things unknown, by means of a fmall number 
that are given ; and by employing fhort and eafy fym¬ 
bols for exprefling ideas, it prefeuts to the underflanding 
things which otherwife would feem to lie above its fphere. 
By this means geometrical demondrations may be greatly 
abridged: a long train of arguments, in which the mind 
cannot, without the greeted effort of attention, difeover 
the conneftion of ideas, is converted into viiible fym¬ 
bols ; and the various operations which they require, are 
Amply effefted by the combination of thofe fymbols. 
And, what is dill more extraordinary, by this artifice, 
a great number of truths are often exprefled in oqc line 
only: indead of which, by following the ordinary way 
of explanation and demonnration, the fame truths would 
occupy whole pages or volumes. And thus, by the barb 
contemplation of one line of calculation, we may under- 
fland in a fhort time whole fciences, which otherwife 
could hardly be comprehended in feveral years. 

It is true that Newton, who bed knew all the advan¬ 
tages of analyfis in geometry and other fciences, laments, 
in feveral parts of his works, that the dudy of the an¬ 
cient geometry is abandoned or negtefted. And indeed 
the method employed by the ancients in their geome¬ 
trical writings, is commonly regarded as more rigor¬ 
ous, than that of the modern analyfis : and though it 
be greatly inferior to that of the moderns, in point of 
difpatch and facility of invention; it is nevertheless 
highly ufcful in itrengthening the mind, improving the 
reafoning faculties, and in accudoming the young mathe¬ 
matician to a pure, clear, and accurate mode of iuvefti- 
gation and demon 1I1 ation, though by a long and laboured 
procefs, which he would with difficulty have fubmitted 
to if his tadc had before been vitiated, as it were, by 
the more piquant fweets of the fhodern analyfis. And 
it is principally on this that the complaints of Newton 
are founded, who feared led by tbq too early and fre¬ 
quent ufe of the modern analyfis, the fcienceof geometry 
fhould lofe that rigour and purity which charaftcrife its 
invedigations, and the mind become debilitated by the 
F 2 facility 
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facility of our analyfis. This great man was therefore 
well founded, in recommending, to a certain extentj the 
ftudy of the ancient geometricians: for, their demon- 
ft rations being more difficult, give more exercife to the 
mind, accuftom it to a clofer application, give it a 

S eater feope, and habituate it to patience and rcfolution, 
ncceffary for making difcoverics. But this is the 
only or principal advantage from it; for if we fhould 
look no farther than the method of the ancients, it is 
probable that, even with the belt genius, we fhould 
Rave made but few or fmall difcoverics, in compurifon 
of tliofe obtained by means of the modern analyfis. 
And even with regard to the advantage given to in- 
veftigations made in the manner of the ancients, namely 
of being more rigorous, it may perhaps be doubted 
whether this pretenfion be well founded. For to in¬ 
fiance in thofe of Newton himfelf, although his de- 
monllrationa be managed in the manner of the ancients ; 
yet at the fame time it is evident that he inveftigates 
his theorems by a method different from that employed 
in thedemonftrations, which are commonly analytical 
calculations, difguifed by fubfiituting the name ot lines 
for their algebraical value : and though it be true that 
his demonftrations are rigorous, it is no lefs fo 
that they would be the fame when tranfiated and deli¬ 
vered in algebraic language ; and what difference can it 
make in this refpedt, whether we call a line AB, or 
denote it by the algebraic character a? Indeed this laft; 
deiignation has this peculiarity, that when all the lines 
are denoted by algebraic characters, many operations 
can be performed upon them, without thinking of the 
lines or the figure. And this circumftance proves of no 
fmall advantage: the mind is relieved, and fpared as 
much as poffible, that its whole force may be employed 
in overcoming the natural difficulty of the problem 
alone. 

Upon the whole therefore the date of the comparifon 
feems to- be this; That the method of the ancients is 
fitted to begin our dudies with, to form the mind and 
to edabliih proper habits; and that of the modems to 
fucceed, by extending our views beyond the prefent 
limits, and enabling us to make new difcoverics and 
improvements. 

Analyfis is divided, with refpeft to its objeft, into that 
of finitely and that of infinites. 

Analyfis of finite quantities* is what is otherwife called 
algebra, or fpecious arithmetic. 

Analyfis of infinites , called alfo the new analyfis, is 
that which is concerned in calculating the relations of 
quantities which are confidered as infinite, or infinitely 
little; one of its chief branches being the method of 
fiuxiotis, or the differential calculus. And the great ad¬ 
vantage of the modern mathematicians over the ancients, 
arifes chiefly from the ufe of this modern analyfis. 

Analysis of powers, is the fame as refolving them 
into their roots, and Is otherwife called evolution. 

Analysis of curve lilies , (hews their confiitution, 
nature and properties, their points of inflexion, fiation, 
retrogradation, variation, &c. 

ANALYST, a perfon who analyfes fomething, or 
makes ufe of the analytical method. In mathematics, 
it is a perfon (killed in algebra, or in the mathematical 
aualy fis in general. 

* 


Analyst, the title of an ingenious, though foplufti- 
cal book, written by the celebrated Dr. Berkeley, 
againfi the do&rinc of fluxions. 

ANALYTIC, or Analytical, fomething belong¬ 
ing to, or partaking of, the nature of analyfis! or per¬ 
formed by the method of analyfis. 

Thus we fay analytical demonftration, analytical en¬ 
quiry, analytical table or fclicme, analytical method, See. 
The analytical (lands oppofed to the fynthctical , or that 
which pioceeds by the way of fynihefis. 

ANALYTICS, the fcicnce, or doftrinc, and ufe 
of aualylis. 

ANAMORPHOSIS, in perfpc&ivc and painting, 
a monttrous projection j or a reprefentat'on of fume 
image, either on a plane or curve furfac •, defouned 
or .diftortedj but which in a certain point jf view fliall 
appear regular, and drawn in juft proportion. 

To covjlrufl an Anautorphdfis, or monjlrous prof*! ti , on 
a plane. —Draw the fquare "ABCD (fig. i), of any 
fize at pleafure, and divide it by crofling lines in> - a 
number of areolae or fmaller fquares: and then in this 
fquare, or reticle, called alfo the craticnW j>i"tn t \v. 
draw the regular image which is to he diiloricd.— 
about any image, propoled to be dillorted, draw a re¬ 
ticle of fmall fquares. 



Then draw the line ab (fig. 2.) equal to AB, di¬ 
viding it into the fame number of equal puts, as llie 
fide of the prototype AB ; and on its middle point 
E erefl: the perpendicular EV, and alfo VS perpendi¬ 
cular to EV, making EV fo much the longer, and VS 
fo much the ftiortcr, as it is intended the image fhall be 
more diftorted From each of the points of divifion draw 
right lines to the point V, and draw the right line «S. 
Laftly through the points?, e,f,g, &c, draw lines parallel 
to ab: So fhalln^/ d be the fpace upon which the monftroua 
proieflion is to be drawn; and is called the craticular cSype. 

Then, in every areola, or fmall trapezium, of the 
fpace abed , draw what appears contained in the corre- 
fponding areola of the original fpace A BCD: fo fhall 
there be produced a deformed image in the fpace abed, 
which yet will appear to juft proportion to an eye diftant 

from 
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from it the length of EV, and raifed above It by a 
height equal to VS. 

It will be amufing to contrive it fo, that the deformed 
image may not reprefent a mere chaos, but fome certain 
figure: thus, a river with foldiers, waggons, and other 
objects on the fide of it, have been fo drawn and dis¬ 
torted, that when viewed by an eye at S, it appeared 
like the face of a fatyr. 

An image may alfo be diftorted mechanically, by 
perforating through in feveral places with a fine pin j 
then, placing it againil a candle or lamp, obferve where 
the ravs, which pafs through ihefe fmall holes, fall oh 
any plane or curve Superficies; for they will give the 
correfgondenf points of the image deformed, and by 
means of which the deformation may be completed. 

To dr.inn an Anamorpbofis upon the convex furface of 
a c.inc. it appears from the conltruftion above, that we 
..;tvc o' lr to make a craticular eftype upon the furface 
of the. cone, which may appear equal to the craticular 
prototype, to an eye placed at a proper height above 
the vertex of the cone. Hence, 

Let. the bafe, or circumference, ABCD, of the cone 
v 3) I s : divided by radii into any numher of equal 
p.i> ' j; am! ie f ionic one radius be likewife divided into 
equal nuts ; ‘Ii„n through each point of divifion draw 
coma it,', circles: fo fh all the craticular prototype be 
f-jr 'ii. cd. 



With double the diameter All, as a radius, deferibe 
th'. quadrant EFG (fig. a.) fo as*t!ie aich EG be 
< ; i.-'i to the whole petiphery then tin’s quadrant, beiug 
i'hcd or Sent round, will form the fupuficics of a cone, 
tvhofe bale is the circle. 

Next divide the arch EG into the tame number of 
> ]u«d parts as the craticular prototype is divided into ; 
arid draw radii from all the points of divifion. Produce 
GE to I, lo that FI be equal to FG ; and from the centre 
I, with the radius IF, deferibe the quadrant FKH; and 
draw the right line IE. Then divide the arch XF in¬ 
to the fame number of equal parts as the radius of the 
craticular prototype is divided into; and from the centre 
I draw radii through all the points of divifion, meeting 
EF in i, 2, 3, See. Laftly, from the centre F, with 
the radii Fr, E z, F3, See, deferibe concentric circles. 
So will the craticular eftype be formed, whofe arcolas 
will appear equal to each other. 

Hence, what is delineated in every areola of the cra¬ 
ticular prototype, being transferred into the areolas of 
the craticular eftype, the images will be difiorted or 
deformed; and yet they will appear in jull proportion 


to an eye elevated above the vertex at a height equal to 
the height of the cone itfelf. 

If the chords of the quadrants be drawn in the era* 
ticular prototype, and chords of each of the 4th parts 
in the craticular eftype, every thing elfe remaining the 
fame, there will be obtained the craticular eftype in a 
quadrangular pyramid. • 

And hence it will be eafy to deforjn an image, in 
any other pyramid, whofe bafe is any regular polygon. ’ 

Becaufe the illufrou is more perfeft when tire eye, by 
the contiguous objefts, cannot dlimate the diftanCe of 
the parts of the deformed image, it is therefore proper 
to view it through a Email hole. 

Anamorpliofes, or monilrous images,, may alfo be 
made to appear in their natural fhape and juft propor¬ 
tions, by means of mirrors ot certain (hapes, from which 
thofe images arc reflefted again ; and then they are laid 
to be reformed. 1 

For farther particulars, fee Wolfius’s Catoptrics and 
Dioptrics , and fome other optical authors. 

ANAPHORA, in AJkology, the fecund houfe, or 
that part of the heavens which is 30 degrees from the 
horofeope. 

The term anaphora is alfo fometimes applied pro- 
mifeuoufly to fome of the fucceeding houfes, as the 5th, 
the 8th, and the tlth. In this fenfe anaphora is the 
fame as rpanaphora, and Hands oppofed to cataphora. 

ANASTROUS Jigns^n Ajlronomy, a name given to 
the duodecatemoria , or the 12 portions of the ecliptic, 
which the figns poffeffed anciently, bnt have fince de¬ 
le it ed by the preceifion of the equinox. 

ANAXAGORAS, one of the molt celebrated phi- 
lofophers among the ancients. He was born at Glaxo- 
mene in Ionia, about the 7Cth Olympiad. He was a 
difciple of Anaximenes; and he gave up his patrimony, 
to be more at leifure for the lludy of philofophy, {jiving 
leftures in that fcicnce at Athens. Being perfected 
in this place, and at laft banithed from it, he opened a 
fchool at Lampfacum, where he was greatly honoured 
during h.a life, and Hill moic after his death, ftatucs 
having Keen erefted to his memory. It is faid he made 
fome predictions relative to the phenomena of nature, 
as earthquakes &c, upon which he wrote lbme treatifes. 
His principal tenets maybe reduced to the following:— 
All things were in the beginning confufedly mixed to¬ 
gether, without order and without motion. The prin¬ 
ciple of things is at the fame'time one and multiplex, 
which had the name of homeemerirs, or fimilar particles, 
deprived of life. But there is befide this, from all 
eternity, another principle, an infinite and incorporeal 
fpirit, who gave motion to thefe particles; in virtue of 
which, ftrch as are homogencal united, and fuch as were 
heterogeneal feparated according to their different kinds. 
All things being thus put into motion by the fpirit, and 
every thing being united to fucb as are fimilar, thofe 
that had a circular motion produced heavenly bodies, 
the lighter particles afeending, while thofe that were 
heavier defeended. The rocks of the earth, being drawn 
up by the whirling force of the air, took fire, and became 
ftars, hcncath which the fun and moon took their Ihitions. 
—It was faid he alfo wrote upon the gpyadrattirt of the 
Circle ,• the treatife upon which, Plutarch fays, lie 
compofed during his imprifonment at Athens. 

ANAX- 
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ANAXIMANDER, a very celebrated Greek phi- 
lofopher, was born at Miletus in the 4 ad olympiad; for, 
according to Apollodorus, he was 64 years of age in the 
2d year of the 58th olympiad. He wis one of the firft 
who publicly taught philofuphy, and wrote upon phi- 
tofophical fubjetls. He was the kinfman, companion, 
and difciple of Thales. He wrote alfo upon the fpherc 
and geometiy, &c. And he carried his researches into 
‘ nature very far, for the time in which he lived. It is 
faid that he dilcovered the obliquity of the zodiac; that 
he firft publiflird a geographical table: that he invented 
the gnomon, and let up the firft fun-dial in an open 
place at Lacedxmon. He taught, that infinity of 
things was the principal and univerfal element; that 
this infinite always preferred its unity, but that its parts 
underwent changes; that all things ramefromit; and 
that all were about to return to it. lly this obfeure and 
indeterminate principle he probably meant the chaos of 
other philofophcrs. He held that the worlds are infinite; 
that the ftars arc compofcd of air and fire, which arc 
carried about in their fphercs, and that thefe fphercs are 
gods ; and that the earth is placed in the midft of the 
univerfe, as in a common centre. Farther, that infinite 
worlds were the produce of infinity; and that corruption 
proceeded from reparation. 

ANAXIMENES, an eminent Greek philofopher, 
born at Miletus, the friend, fcholar, and fucceflor of 
Anaximander. He diffufed fonae degree of light upon the 
obfeurity of his mailer's fy Item. He made the firll prin¬ 
ciple of things to con fill in the air, which he confidered as 
infinite or immenfe, and to which he aferibed a perpetual 
motion ; that this air was the fame as fpirit or God, 
fince the divine power refided in it, and agitated it. 
The ftars were as fiery nails in the heavens; the fun a 
fiat plate of fire ; the earth an extended flat furface, kc. 

ANDERSON (Alexander), one of the hrighteft 
ornaments of the mathematical world, who fiourifhed 
about 200 years ago. He was born at Aberdeen in 
Scotland, it would feem towards the latter part of the 
16th century, as he was profefior of mathematics at 
Paris in the early part of the 17th, where he publifiled 
feveral ingenious works in geometry and algebra, both 
of his own, and of his friend Vieta’s. Thus he pub- 
liDied his “Supplemeiitum Apollonii Redivivi; (of Ghe- 
taldus) five aualyfis problematis haftenus dciiderati ad 
Apollonii Perga?i doftrinam mrin, a Marino Ghe- 
taldo Patritio Ragufinn hujufque, non ita pridem refti- 
tutam. In qua exbibctur mechanicc aequalitatum tertii 
gradus five folidarum, in quibus magnitudo omnino da¬ 
ta, aequatur homogeneae fub altera tantum coefficiente 
ignoto. Huic fubnexa eft variorum problcmatum prac¬ 
tice.” Paris, 1612, in 4to. 

“ A»TioX«<yi« : Pro Zetetico Apollonian! problematis 
a fe jam pridem edito in fupplemcnto Apollonii Rtdi- 
vivi. Ad clarifliinum Sc ornatiifimum virum Marinum 
Ghetaldum Patritium Ragufinum. In qua ad ea quae 
obiter mibi perllrinxit Ghetaldus refpondetur, & aaa- 
lytices ckrius detegitur.” Paris, 1615, in 4to. 

He publi (bed alfo, 

«* Francifci Vietie Fontenacenfis de Aequatiomsm 
Recognitione Sc Emendatione Tra&atus duo.” Paris, 
1615, in 4to; with a Dedication, Preface, and an 
Appendix, by Anderfon. 


And Vieta’s Angulaves Se&ionet, with the Demoa- 
ftrations by Anderfon. 

Alexander was coufin german to a Mr. David Ander¬ 
fon, of Finfhaugh, a gentleman who alfo pofTefled a An¬ 
gular turn for mathematical and mechanical knowledge* 
This mathematical genius was hereditary in the family 
of the Anderfons, and from them it feems to have been 
tranfmitted to their descendant;) of the name of Grego¬ 
ry in the fame country: the daughter of the laid Da¬ 
vid Anderfon having been the mother of the celebrated 
mathematician James Gregory, and who herfclf firft 
inilrudted her fon James in the elements of the Mathe¬ 
matics, upon her obferving in him, while yet a child, a 
ftrong propenfity to thofc Sciences. . 

The time either of the birth or death of our author 
Alexander, has not come to my knowledge. 

ANDROGYNOUS, an appellation given, by aflro- 
logers, to fuch of the planets as are fometimej hot, and 
Sometimes cold ; as mercury, which is accounted hut and 
dry when near the fun, and cold and moift when near the 
moon. 

ANDROMEDA, in AJlronomy. a conftellation of 
the northern hemifphere, reprefenting the figure of a 
woman almoft naked, her feet at a dillance from each 
other, and her arms extended and chained ; being one 
of the original48 afterifms, or figures under which the 
ancients comprehended the ftars, as derived to ns from 
the Greeks, who probably had them from the Egyp¬ 
tians or Indians, and who, it is fufpc&ed, altered their 
names, and accompanied them with fabulous ftories 
of their own. According to them, Cepheus, the father 
of Andromeda, was obliged to give her up to be de¬ 
voured by a monfter, to preferve his kingdom from the 
plague; but that fhe was delivered by Porfens, who flew 
the monfter, and efpoufed her. And the family were 
all tranflated by Minerva to heaven, the mother being 
the conftellation Caifiopeia. 

She is fometimes called, in Latin, Per/ea, Mul'tcr ca- 
tenata % Virgo devota, See. The Arabians, whofe reli¬ 
gion did not permit them to draw the figure of the 
human body on any occafion whatever, have changed 
this conftellation into the figure of a fea-calf. Schickard 
has changed the nalhe for that of the Scripture name 
Abigail, And Schiller has alfo changed the figure of 
the conftellation, for that of a fcpuk hre, and calls it 
the Holy Sepulchre. 

This conftellation contains about 27 ftars that are 
vifible to the naked eye; of which the principal aic, » 
Andromeda’s head ; 0 in the girdle, and called mirach or 
mizar; y on the fouth foot, and named alamah, and 
fometimes alhames. 

The number of ftars placed in this conftellation by 
the catalogue of Ptolemy is 23, by that of Tycho Brahe 
alfo 23, by that of Hcvelius 47, and by that of Flam- 
Heed 66. 

ANEMOMETER, an xnftrumcnt for meafuring the 
force of the wind. 

An inftrumeiit of this fort, it feems, was firft in¬ 
vented by Wolfius in the year 1708, and firft publifhed 
in his Areometry in 1709, alfo in the Atia Eruditorum 
of the fame year; afterwards in his Mathematical Dic¬ 
tionary,, and in his Elm. Mathefeos. He fuys he tried 
the goodnefs of it, and observes that the internal ftruc- 
% tare 
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tare may be preferred, fo as to meafure the force of run- refinance of 1 1 ounces from the wind, when blowing 
ning water, or that of men or horfes when they draw with a velocity of 20 feet per fecond; and that the force 
or pull. The machine confifts of fails. A, B, C, like is uearly as the fquare of the velocity. Hence then, 
thofe of a wind-mill, agatnft which the wind blows, and taking the force of l$f pounds, above found for the 
by turning them about, raifes an arm K with a weight force of the wind when it fuflaim 3 inches of water, and 
L upon it, to different angles of elevation, (hewn by taking the fquare roots of the forces, it will be, as -/iz. 
the index M, according to the force of the wind. (Plate : 4/1 fj : : 20 : 22$ the 4th proportional, that is * 
III. fig. 3) m velocity of 2 if feet per fecond, or 15 J miles per hour. 

In the Philof. Tranf. another anemometer is de- is the rate or velocity at which the wind blows, when it 
feribed, in which the wind being fuppofed to blow raifes the water 3 inches higher in the one tube than 
direftly again ft a flat fide, or board, which moves along the other. And farther, as the faid height is as the 
the graduated arch of a quadrant, the number of degrees force, and the force as the fquare of the velocity, we 
it advances flievvs the comparative forccof the wiud. Audi have the force and velocity, correfponding to fe- 

In the fame Tranfa&ions, for the year 1766, Mr. veral heights of the water in the one tube, above that 
Alex. Brice defciibes a method, fuccefsfully praftifed in the other, as in the following table, 
by him, of meafuring the velocity of the wind, by 

means of that of the fhadow of clouds palling over a Table of the correfponding height of water , force on a 
plane upon the earth. fi uare f°°h a *d velocity of wind. 

Alfo in the fame Tranfaflions, for the year 1773, 

Dr. Lind gives a defeription of a very ingenious port¬ 
able Wind- Gauge, by which the force of the wind is 
eafily mealured ; a brief defeription of the principal 
parts of which here follows. This Ample inftrument 
conlillsof two glafstubes, AB, CD, (Plate III. fig. 4.) 
which fhould not be lefs than 8 or 9 inches long, the 
bore of each being about yV of an inch diameter, and 
conne£kd together by a fmall bent glafs tube ah, only 
of about -,V of an inch diameter, to check the undula¬ 
tions oi the water can fed by a hidden guft of wind. 

On the upper end of the leg AB is fitted a thin metal 
tube, which is bent perpendicularly outwards, and 
having its mouth open to receive the wind blowing 
horizontally into it. The two tubes, or rather the two 
bramhes of the tube, are connedied-to a Heel fpindle KL 
by fl ips of biafs near the top and bottom, by the fockets 
of which at e and f the whole inilrument turns eafily 

about the fpindle, which is fixed into a block by a , m 

ferewin its bottom, by the wind blowing in at the Mr. Leutmann improved upon Wolfius’sanemometer, 
orifice at 1 *. When the inftrument is ufed, a quantity by placing the fails horizontal, inftead of vertical, which 

of water is poured in, till the tubes are about half full; are cafier to move, and turn what way foever the wind 
tlu-n expofing the inilrument to the wind, by blowing in blows. 

at the orifice F, it forces the water down lower in the Mr. Benjamin Martin alfo (Plate III. fig. 5) im- 

tubr AB, and raifes. tlo much higher in the other tube; proved upon the fame. He made the axis like the 

and the di fiance between the fur faces oi the water in fufec of a watch, having a cord winding upon it, with 
the two tubes, eftimuted by a fcale of inches and parts two wt ights at the ends which make always a balance 

HI, placed by the fides of the tubes, will be the height to t i, c force of the wind on the fails. Sec his Philof. 

a column of water whofc weight is equal to the force Britan, 
or momentum of the wind blowing or ftriking again!! an And M. D’Ons-en-Bray invented a new anemometer, 
equal bafe. And as a cubic foot of water weighs 1000 which of itfclf expreffes on paper, not only the feveral 
ounces, or 62 j pounds, the 12th part of which is j/r winds that have blown during the fpace of 24 hours, 
or S 4 pounds nearly, therefore for every inch the furface a nd at w h at hour each began and ended, biit alfo the 
of the water is raiftd, the force of the wind will be equal different ftrength or velocity of each. See Mem. Acad, 
to fo many times U pounds on a fquare foot. Thus, Scienc. an. 1734. See alfo the article H r inJ Gau?e. 
foppoft the water Hand 3 inches higher in the one tube, ANEMOSCOPE, is fometimes ufed to denote a 
than in the other s then 3 times or 15 3 pounds is machine invented to foretell the changes of the wind, 
equal to the preffure or force of the wind on the furface or wea ther; and fometimes lot an inftrument fhewing 
®* ® * *S uarc - . by an index what the prefent di reel ion of the wind is. 

his inftrument of Dr. Lind’s, meafures only the Of this latter fort, it feems, was that ufed by the an- 
foree or momentum of the wind, but not its velocity, cients, and deferibeu by Vitruvius; and we liave many 
However the velocity of the wuid may be deduced from of them at prefent in large or public buildings, where 
its force fo obtained, by help of fome experiments per- an index wiihinfide a room or hall, points to the name 
formed iy me at the Royal Military Academy, in the c f the quarter from whence the wind blows without; 
years i78t, 1787, and **7S8 ; from which experiments which is fimply effe&ed by connecting an index to the 
it appears that a plane furface of a fquare foot fuffers a lower end of the fpindle of a weather-cock. 


Height ol 
water. 

Force of 
wind. 

Velocity of 
wind per hour. 

inches. 

Pounds. 

Miles. 

oi 


4 ’ 5 

oi 


6*4 

I 

5*2 

9*0 

2 

IO *4 

12*7 

3 

15 * 6 

' 5*5 

4 

zo - 8 

18 • 0 

5 

26* 0 

20 • 1 

6 

3I *2J 

22 ‘O 

7 

3 6 ’S 

23*8 

8 

4 > *7 

a 5 * 4 

9 

*6 • 9 

27 ‘O 

10 

*2- I 

28*4 

11 

47-3 

29*8 

J 3 

62 ‘ 5 

31 *o 


In one inilance Dr. 
Lind found that the 
force of the wind was 
fuch as to be equal 34,^ 
pounds, on a fquare 
foot; and this by pro¬ 
portion, in the follow¬ 
ing table, will be found* 
to anfwer to a velocity 
> of 23^ miles per hour. 


It 
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, Tt has been obferved that hygrofeopes made of cat- 
gat, or fuch like, prove very good anemofeopes ; feldom 
Failing, by the turning of the index, to foretell the 
(hifting of the wind. See accounts of two different 
ancmolcopes; one by Mr. Pickering, vol. 43 Philof. 
Tranf. the other by Mr. B. Martin, vol. 2 of nis Philof. 
Britan. * 

Otto Gueric alfo gave the title anamofeope to a 
machine invented by him to foretell the change of the 
weather, as to rain and fair. It confided of the fmall 
wooden figure of a man, which rofe and fell in a glafs 
tube, as the atmofphere was more or lefs heavy. Which 
was only an application of the common barometer, as 
Ihewn by M. Couriers in the Ada Eruditorum for 1684. 

ANGLE, Atigu/us, in Geometry , the opening or mu¬ 
tual inclination of two lines, or two planes, or three 
planes, meeting in a point called the vertex or angular 
point. Such as the angle formed by, or between, 
the two lines AB and AC, at the vertex or angular 
point A.—Alfo the two lines AB and AC, are called 
the legs or the Jides of the angle. 



Angles are fometimes denoted, or named, by the 
Angle letter placed at the angular point, as the angle A; 
and fometimes by three let lets, placing always that of 
the veitex in the middle. Tin* former method is 
tifed*u hen only one angle ha.-, the fune vertex ; .11.d the 
latCcY method it is neceflary to tile when feveral angles 
have the fame vertex, to diilinguiih them from one 
another. 

The mcafure of an angle, by which its quantity or 
magnitude is expreffed, is an arch, as DE defetibed 
from the centre A, with any radius at pieafure, and 
contained between its legs AB 3nd AC. —Hence 
angles are computed and dillinguifiied bv tiie ratio of 
the arcs which fitbtend them, to the whole circum¬ 
ference of the circle ; or by the number of degrees 
contained in the arc DE by which they are meafured, 
to 360, the number of degrees in the whole circum¬ 
ference of the circle. And thus an angle is faid to be 
of fo many degrees, viz, as are contained in the arc DE. 

Hence it matters not, with what radius the arc is 
deferihed, by which an angle is meafured, when great 
or fmall, as AL), or Ad, or any other: for the arcs 
I)E, tie, being fimilar, have the fame ratio as their 
xefpc&ivc radii or circumferences, ami therefore they 
contain the fame number of degrees.—Hence it follows, 
that the quantity or magnitude of the angle remains 
ft ill the fame, though the legs be ever fo much ia- 
ereafed or diminilhed.—And thus, in fimilar figures, 
.the like or cyrrefpondiug angles are equal. 

The tul iuy or menfuring of angles, is an operation of 
jljrcat life and extent in fuivcying, navigation, geo¬ 
graphy, aftronomy, &c. And the inflruments chiefly 
•ufed fur this purpule, arc quadrants, (extant*, octants, 


theodolites, circumferentors, &c. Mr. Hadley invented 
an excellent inftrument for taking the _ larger fort of 
angles, where much accuracy is required, or where 
the motion of the objeft, or any circumftance caufing 
an unfteadinefs in the common inflruments, renders the 
obfervations difficult, or uncertain. And Mr. Dollond 
contrived an inftrument for mcafuring fmall angles. 
See Hadley's Quadrant, Micrometer , and the Philof* 
Tranf. Numbers 420, 425, and vol. 48. 

To meefure the Quantity of an Angle. 

1. On paper. Apply the centre of a protraftor to 
the vertex A of the angle, fo that the radius may co¬ 
incide with one leg, ns AB; then the degree on the 
arch that is cut by the other leg AC, will give the 
mcafure of the angle requiied. 

Or thus, by-a line of chords. Take off the chord of 
60 with a pair ofeompaffes; and with that radius, from 
the centre A, deferibe an arc as DE. Then take this 
aic DE between the compaffes, and apply the extent to 
the fcale of chords, which will give the degrees in the 
angle as before. 

M. De Lagny gave, in- feveral memoirs of the Royal 
Academy of Sciences, a new method of mcafuring 
angles, which he called G'.iuouutry. The method con- 
fills in mcafuring, with a pair of compaffes, the aic 
which l'ubtends the propoled angle, not by applying its 
extent to a pre-conl'ntided fcale, like clouds, but in the 
following manner: From the angular point as a centre, 
with a pretty large radius, deieiiht a circle, poulticing 
one leg of the angle backwards to cut off a len.ieirele ; 
thcii fearch out whet part of the femierrcle the arc is 
which mcafures the given angle, in this manner ; viz, 
take the extent of this arc with a vciy fine pair of cum- 
pa lies, and apply it feveral times to the arc of the femi- 
circle, to find how often it is contained, with a fmall 
part remaining over; in the fame manner take the ex¬ 
tent of this fmall part, and apply it to the lirfl are, to 
find how often it is contained in it ; and what remains 
this 2d time, apply in like manner to the firft remainder; 
then the 3d remainder apply to the 2d, and fo on, 
always counting how often the lafl remainder is con¬ 
tained in the next foregoing, till nothing remain, or till 
the remainder is infcnlible, and too fmall to be meafured : 
Then, beginning at the lafl, and returning backwards, 
make a feries of fruitions of which the nnmeratois are 
always i, and the denominators are the number of times 
each remainder is contained in iis next remainder, with 
the fractional part more, as derived from the following 
remainder; then the lafl fraction, thus obtained, will 
(hew what part the given angle is of 180° or the femi- 
circle ; and being turned into degrees &c, will be the 
meafure of the angle, and nearer, it is afforted, than it 
can be obtained by any other means; whether it be 
mcafuring, or calculating by trigonometrical tables.— 
Thus, if it be required to mcafure the' angle G 1 *’H: 
With a large radius defenbe the fcmicirele Glil, 
meeting the leg FG produced in I; then take the ex¬ 
tent of the arc GH in the compaffes, and applying it 
from G upon the femicirclc, fuppofe it contains 4 times 
to the point 4, and the part 4 I over; take 4 I and 
apply it from H to 1, fo that HG contains 4 I once, 
and t G over; alfo apply this remainder to the former 
4 r, and it contains 5 times, from 4-to 5, and JI over ; 

4 sail/) 
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and laftly tlie remainder 5 J is juft two time# con¬ 
tained in the former remainder 1 G or l 2, without 
any remainder. Here then, the feriet of quotients, or 
numbers of times contained, are 4, f, 5, 2 ; therefore, 
beginning at the latt, the firll fraction is 4, or the lait 
remainder is half the preceding one j and the ad frac¬ 
tion is or •**, ; the 3d is~- or * ] J and the fourth is 
5 * 1 ft 

-VT or Jj j that is, the arc GI I is J J of a femicircle, 
4 » 1 

or the angle GFII is *5 of two right angles, or of 180®, 
which is equivalent to 37$ degrees, or 37 0 8* 3 +"r- 

2. On the ground. Place a i’urvcying inftrument with 
its centre over the angular point to he meafured, turn¬ 
ing the inilrumcnt about till o, the beginning of its arch, 
fall in the line or direction of one leg of the angle ; 
then turn the index about to the direction of the other 
leg, and it will cut oft fioni the arch the degrees an- 
fwering to the given angle. 

To plot or lay down any given angle, either on paper 
or on the ground, may he performed iit the fame man¬ 
ner; and tire method is farther explained under the 
articles Plotting and Protracting, and under the 
names of the fcvcral inflrumenls. 

To bifect a given tingle, as ftippofe tire angle LKM. 
Front tiie centre K, with airy radius, deferrhe the arc 
LM ; then with the centres 1 . and M, deferibc two 
nr'-M interfering in N ; and draw the line KN, which 
will bife<H the given angle LlvM, dividing it into the 
two equal angles LKN, M KN. 



To triftfl an angle, fee Tr erection. 

Pappus, in his Mathematical Cohesions, hook 4, 
treats of angular fedtious, but particularly and more 
largely, of tufc&ions. He alfo treats of any fedtiorr in 
general, in tire 36th and following propofitions. 

Angli.s are of various kinds and denominations. 
With regard to the form of their legs, they are di¬ 
vided into rectilinear, curvilinear, and mixed. 

Rectilinear, or right-lined Angle, is that whofe legs 
are both right lines; as the foregoing angle CAB. 

Curvilinear Angle, is that whofe legs arc both of 
them curves. 

Mixt, or mixlilinear Angle, is that of which one 
leg is a right line, and the other a curve. 

_ With regard to their magnitude , angles are again di¬ 
vided into right and oblique, acute and obtu/e. 

Right A ncie, is that which is formed by one line 
perpendicular to another; or that which is fublendcd 
by a quadrant of a circle. As the angle BAC_There¬ 

fore the meafure of a Tight angle is a quadrant of a 
circle, or 90°; and consequently all right angles are 
equal to each other. 

Oblique^ Angle, is a common name for any angle that 
is not a right one ; and it is cither acute or abtuje , 

Vol. I. 


Acute Ancle, is that which is lefs than a eight 
angle, or lefs than 90 degrees; as the angle BAD. 
And # • 

Obtu/e Angle, is greater than a right angle, or whofe 
meafure exceeds 90 degrees ; as the angle B AE. 

With regard to their iituation in refpedl of each 
other, angles are diflinguifhed into contiguous, adjacent, 
vertical, oppojite., and alternate. 

Contiguous Angles, are fuch as have the lame vertex, 
and one leg common to both. As the angles BAD, 
CAD, which have AD common. 

Adjacent Angles, are lliufe of which a leg of the 
one produced forms a leg of the other: as the angles 
GFH and IFH, which have the legs IF and FG in a 
ftraight line.-—Hence adjacent angles arc fupplcmenta 
to each other, making together 180 degtees. And 
therefore if one of thefe he given, the other will he 
known by fuhtra&ing the given one from 180 degrees. 
Which property is ufc-ful in furveying, to find the 
quantity of an inacceflible angle; viz, meafuie its ad- 
jaccht acecflible one, and fubtract this from 180 degrees. 



Vertical ax oppofite An a Lis, are fuch as have their 
legs mutually continuations of each other ; as the two 
angles a and b, or c and tl .—The property' of thefe is, 
that the vertical or oppofite angles are always equal to 
each other, viz, /La — /L b, and /. c — /. d. And 
hence the quantity of an inacceflible angle of a field, 
&c, may be found, by meafuring its acecflible oppofite 
angle. 

Alternate Angles, are thofe made on the oppofite 
fidcs of a line cutting two parallel lines; fo, the angles 
r and f, or g and h, are alternates. And thefe are al¬ 
ways equal to eacli other; viz, the Z. c ss Z. f, or Z g 

— Z h. 



External Angles, arc the angles of a figftre made 
without it, by producing its fidcs outwards ; as the 
angles i, h, l, m. All the external angles of any right- 
lined figure, taken together, are equal to 4 right 
angles ; and the external angle of a triangle is equal to 
both the internal oppofite ones taken together; alfo 
any external angle of a trapezium inferibed in a circle, 
is equal to the internal oppofite angle. 

Internal Angles, are the angles within any figure 
made by the fides of it; as the angles n, 0, />, q .— In 
any right-lined figure, an internal angle as n, and its ad¬ 
jacent external angle i, together make two right angles, 
ur t8o drgices; and all the internal angles n, 0, p, q, 
ti.. taken 
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takes together, make twice aamany right angle*, want¬ 
ing 4 right angle*; alfo any two oppofite internal 
angle* of a trapezium infcribed in a circle, taken to¬ 
gether, make two right angle*, or I So degrees. _ 

Homologous, or like Angles, are fuch angles in two 
figures, as retain the fame order from the firft, in both 
figures. 

Angle out of the centre, as G, is one whofe vertex 
is not in the centre of the circle.—And its meafure is 


half the fum of the arcs intercepted by its legs 
2 

when it Is within the circle, or half the difference — 
when It is without. 



Angle at the centre , is an angle whofe vertex is in 
the centre ; as the angle AFC, formed by two radii Al', 
FC, and meafured by the arc ADC.—An angle at the 
centre, as AFC, is always double of the angle ABC 
at the circumference,Handing upon the fame arc ADC; 
and all angles at the centre are equal that (land upon the 
fame or equal arcs: alfo all angles at the centre, are 
proportional to the arcs they (laud upon ; and fo alfo 
are all angles at the circumference. 




Angle at the circumference , is an angle whofe vertex 
is fomewhere in the circumference of a circle; as 
the angle ABC. 

Angle in afegmrnt , is an angle whofe legs meet the 
extremities of the bafe of the fegment, ana its vertex 
is anywhere in its arch; as the angle B is in the feg- 
ment ABC, or {landing upon the fupplcmental feg- 
ment ADC ; and is comprehended between two chords 
AB and BC.—An angle at the circumference is mea¬ 
fured by half the arc ADC upon which it {lands ; and 
all the angles ABC, AEC, in the fame fegment, arc 
equal to each other. 

Angle in a fcmicircle is an angle at the circum¬ 
ference contained in a fcmicircle, or Handing upon a 
femicircle, or on a diameter.—An angle in a fcmicircle, 
is always a right angle ; in a greater fegment, the 
angle is lefs, and in a lei* fegment the angle is greater 
than a right angle. 

Angle of a fegment, is that made by a chord with a 
tangent, at the point of contact. So IHK. is the 


angle of the left fegment IMH, and IHL, the angle of 
the greater fegment INH.—And the meafure of each 
of thefc angles, is half the alternate or fupplemenUl 
fegment, or equal to the angle in it; viz, the 4 IHK. 
= 4. INH, and the JL IHL = /- IMH. 

Angle of a femicircle , is the anglfc which the dia¬ 
meter of a circle makes with the circumference. And 
Euclid demonftrates that this is lefs than a right angle* 
but greater than any acute angle. 




Angle of contact, is that made by a curve line and 
a tangent to it, at the point of contaft ; as the angle 
IHK. It is proved by Endid, that the angle of con¬ 
tact between a right line and a circle, is Ids than any 
right-lined angle whatever; though it does not there¬ 
fore follow that it is of no magnitude or quantity. 
This has been the fubjeft of great difputcs amonglt 
geometricians, in which Pclctarius, Clavius, Taquet, 
Wallis, tie, bore a coniiderablc {hare ; Peletarius and 
Wallis contending that it is no angle at all, againft 
Clavius, who rightly aflerts that it is not abiblutely 
nothing in itfelf, but only of no magnitude in companion 
with a right-lined angle, being a quantity of a dif¬ 
ferent kind or nature ; like as a line in refpeci to a fur- 
face, or a furface in refpedk to a folid, flee. And fince 
his time, it has been proved by Sir I. Newton, and 
others, that angles of contact can be compared to each 
other, though not to right-lined angles, and what arc 
the proportions which they bear to each other. Thus, 
the circular angles of contact IHK, I HI., are to each 
other in the reciprocal fuhdtiplicatc ratio of the diameters 
HM, HN. And hence the circular angle of tout aft 
may be divided, by describing intermediate circles, into 
anv number of parts, and in any proportion. And if^ 
in dead of circles, the curves be parabolas, and the 
point of contaft H the common vertex of their axes; 
the angleB of contact would then be reciprocally in the 
fubduplicate ratio of their parameters. But in fuch 
elliptical and hyperbolical angles of contafl, thefe will 
be reciprocally in the fubduplicate of the ratio com¬ 
pounded of the ratios of the parameters, and the 
tranfverfc axes. Moreover, if TOQJjc a common pa¬ 
rabola, to the axis OP, and tangent VOW, and whofe 
equation is i x x —y % , or x —y*, where x is the ab- 
feifs OP, and y the ordinate PQ^the parameter being t s 
and if OR, OS, &c, be other parabolas to the fame 
axis, tangent, and parameter, their ordinate y being PR, 
or PS, See, and their equations x=y*, x =y*, x— 

&e : then the fcries of angles of contafl will be in fuc- 
cefiiun infinitely greater than each other, viz, the angle 
of contaft WOQ^infinitely greater than WOR, and 
this infinitely greater than WOS, and fo on infinitely. 

And farther, between the angles of contact of any 
two of this kind, may other angles of eontafl be found 
ad infinitum, which fliaU infinitely exceed each other, 

and 
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•ml vet the greateft of them be infinitely lcfs then the 
fmalleft rightlincd angle. So alfo #* x*y l , x* *=sy\ 
a* *j/‘, &c, denote a feries of curves* of which every 
fucceeding one makes an angle with its tangent, in¬ 
finitely greater than the preceding one ; and the lead 
of thefe, vi/., that whofe equation is a* = y*, or the 
l'cmicubical parabola, is infinitely greater than any cir¬ 
cular angle of contadl. 

Angles are again divided int aph:ne,fpherical, and fol'td. 

Plane Angles, are all thole above mated of ; which 
arc defined by the inclination of two lines in a plane, 
meeting in a point. 

Spherical Angle, is an angle formed on the furface 
of a fpherc by the interfe&ion of two great circles; or, 
it is the inclination of the planes of the two great circles. 

The meafure of a fphencal angle, is the arc of a great 
circle of the fpherc, intercepted bet ween the two planes 
which form the angle, and which cuts the faid planes at 
light angles, For their properties, &c, fee Sphere, 
Spherical, and Spherical Trigonometry. 

Solid Angle, is the mutual inclination of more than 
two planes, or plane angles, meeting in a point, and 
not contained in the fame plane; like the angles or 
corners of folid bodies. For their mcal'urc, properties, 
&c, fee Solid Angie, 

Angles of other lcfs ufual kinds and denominations, 
arc alio to be found in fume books of Geometry. As, 

Homed Angle, angulut cornu/ns , that which is 
made by a t ight line, whether a tangent or fecant, with 
the circumference of a circle. 

i.unular Angle, avgulus lunularis, is that which is 
formed by the intcrfedlion of two curve lines, the one 
concave, and the other eon vex. 

Ct/fjul Angle, angulus effoidts , the inner angle made 
Lu- two iplieiical convex lines interfering each other. 

Si/'roiJ Angle, angulusftfir aides, is that which is in 
fonn of a (idrum. 

Pelecoiel Anci.r, anguluspelecoidcs , is that in form of 
a hatchet. 

Angle, in Trigonometry. See Triangle, Tri¬ 
gonometry, Sine, Tangent, fsV. 

Angle, in Mechanics. — Angle of Direction, is that 
which is comprehended between the lines of direction 
of two conlpiring forces. 

Angle of ELvatiov, is that which is comprehended 
between the line of direction and any plane upon which 
the projection is made, whcthci horizontal or oblique. 

Angle of Incidence, is that made by the line of di¬ 
lution of an impinging tody, at the point of uupaCi. 
As the angle ABC. 

Angle of Reflection, is that, made by the line of di- 
reftion of the reflected body, at the point of impact. 
As the angle DD1L 

In (lead of the angles of incidence and rcflcdlion being 
rfticnated from the plane on which the body impinges, 
fometimes the complements of tlicfc are underflood, 
vi/, as eitim.ued from a perpendicular to the reflecting 
ji.mc; as the two angles A11F and DBF. 



Anol* in Optics.—Viftusl Or Optic Angle, it tfM 
angle included between the two rays drawn from the 
two extreme points of an objedl to the centre of the 
pupil of the eye : as the angle HG1. The apparent 
magnitude of objedts is greater or lcfs, according to the 
angle under which they appear.—Objedts feen under 
the fame or an equal angle, always appear equal—.The 
lead viftble angle, or lead angle under which a body can 
be feen, according to Dr. Hook, is one minute ; but 
Dr. Jurin (hews, that at the time of his debate with 
Hevelius on this fuhjtdf, the latter could probably dif- 
cover a linglellar under fo final! an angle as id". But 
bodies ate vifible under finaller angles as they are more 
bright or luminous. Dr. Jurin Hates the grounds of 
this controverfy, and difeufles the queftion at large, in 
his EfTav upon diHindi and indiilincl Vifiou, publilhed 
in Smith's Optics, pa. 148, £3" feq. 

Ancle of the interval, of two places, is the angle 
fubtended by two lines diredled from the eye to thofr 
places. 

Angle of incidence, or rtfleHion, or refraff ion. See. 
See the refpedtive words Incidence, Reflection, 
Refraction, &c. 

Angle in Aflronomy.—Angle of Commutation • S«c 
Commutation. 

Angle of elongation , or Angle at the Earth, Sec 
Elongation. 

ParallaSic Angle, or the parallax , is the angle 
made at the centre of a Aar, the fun, 8c c, by two lines 
drawn, the one to the centre of the earth, and the other 
to its furface. See Parallactic, and Parallax. 

Angle of the pofltion of the fun, of the fun’s apparent 
Jims-diameter. See. See the refpedtive words. 

Angle at the fun , is the angle under which the 
diflance of a planet from the ecliptic, is feen from the 
fun. . 

Angle of the Eajl. See Nonagesimal. ** 

Angle of obliquity, of the ecliptic, or the angle of 
inclination of the axis of the earth, to the axis of the 
ecliptic, is now nearly 23 0 iS 7 . Sec Obliqjuity, and 
Fr r.irnc. 

Angi e of longitude, is the angle which the circle of 
a liar’s longitude makes with the meridian, at the pole 
of the ecliptic. 

Angle of right nfeenflon, is the angle which the 
circle of a fiat's right afeenfion makes with the me¬ 
ridian at the pole of the equator. 

Angle in Navigation. Angle of the rhumb, or 
loxodromic angle. See Rhumb and Doxodromic. 

Angles, in Fortification, are underflood of thole 
formed by the feverallines ui'ed in fortifying, or making 
a place defend file. 

Thefe arc of two forts ; real and imaginary.—P.eal 
angles are thofe which actually exift and appear in the 
Works. Such as the jlunled angle, the angle of the ef.iuie, 
angle of the flaul, and the re-entering angle of the counter- 
f nip. Imaginary, or occult angles, arc tl.ofe which 
are only fubfervient to the conlliuCtion, and which 
cxill no more after the fortification is drawn. Such ;.s 
the angle of the centre, angle of the polygon, fueling angie, 
fsdicuU angle of the cnurtlnfarp, &.V. • 

Angle of, or at, the centre , is the angle formed r.t-tlte 
centre of the polygon, by two radii drawn from the 
centre to two adjacent angles, and fubtended by a fide 
Qjt ‘ of 
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of it* M the angle ACB. This is found by dividing 
360 degrees by the number of fide* in the regular po¬ 
lygon. 



Ancle of the Polygon, is the angle intercepted be¬ 
tween two fides of the polygon ; as DAB, or ABE. 
This is the fupplement of the angle at the centre, and 
is therefore found by fubtra&ing the angle C from 
tSo degrees. 

Ancle of the ’Triangle, is half the angle of the po¬ 
lygon j as CAB or CBA ; and is therefore half the 
fupplement of the angle C at the centre. 

Ancle of the Bafliun, is the angle FAG made by 
the two faces of the baftion. Ana is otherwife called 
the flanked angle. 

Dimini/bed Angle, is the angle BAG made by the 
meeting of the exterior fide of the polygon with the 
face AG of the baftion. 

Angle of the curtin, or of the flank , is the angle 
GHI made between the curtin and the flank. 

Ancle of the epaule , or Jhoulder , is the angle AGH 
made'by the flank and the face of the bullion. 

Angle of the tenaille, or exterior Jl'anting angle, is 
the angle AKB made by the two rafant lines of de¬ 
fence, or the faces of two ball ions produced. 

Angle of the counterfearp, is the angle made by the 
two fides of the counterfearp, meeting before the middle 
of the curtin. 

Angle, flanking inward, is the angle made by the 
flanking line with the curtin. 

Ancle forming the flank, is that confilling of one 
flank and one demigorge. 

Anci.f. forming the face, is that compofcd of one 
flank and one face. 

Anglf of the moat, is that made before the curtin, 
where it is interfered. 

Re-entering, or re-entrant Angle, is that whofe 
vertex is turmd inwards, towards the place; as li 
or l. 

Saliant, or fortant Angle, is that turned outwards, 
advancing its point towards the field ; as A or G. 

Dead Angle, is a re-entering angle, which is not 
flanked or defended. 

Angle of a wall, in Architecture, is the point or 
corner where the two fides or faces of a wall meet. 

Ancles, in Aflrology, denote certain houfes of a 
figure, or feheme of the heavens. So the horofeope of 
the firft houfe, is termed the angle of the caji. 

ANGUINE AX. Hyperbola, a name given by Sir 


I. Newton to four of his curves of the fecond order, 
viz, fpecies 33, 34. 3S» 3 6 » expreffed by the equation 
#y* + ey = — ax 1 + bx % + cx -f d\ being hyperbolas 
of a ferpentine figure. See Cur ves. 

ANGULAR, fomething relating to, or that hath 
angles. 

At a diftancc, angular bodies appear round; the an¬ 
gles and fmall inequalities disappearing at a much Ida 
diitance than the bulk of the body. 

ANGULAR Motion, is the motion of a body which 
moves circularly about a point; or the variation in the 
angle deferibed by a line, or radius, connecting a body 
with the centre about which it moves.—Thus, a pen¬ 
dulum lias an angular motion about its centre of mo¬ 
tion ; and the planets have an angular motion about 
the fun.—Two moveable points M 
and O, of which the one” ddcribes 
the arc MN, and the other the arc 
OP, in the fame time, have an equal, 
or the fame angularmotion, although 
the real motion of the point O be 
much greater than that of the point 
M, viz, as the arc OP is greater than 
the arc MN. The angular motions of revolving bodies, 
as of the planets about the fun, are reciprocally propor¬ 
tional to their periodic times. And they are alfo, as 
their real or abfolute motions diredtly, and as their ra¬ 
dii of motion inverfely. 

Angular motion is alfo a kind of compound motion 
compofcd of a circular and a redilinear motion ; like 
the wheel of a coach, or other vehicle. 

ANIMATED needle, a needle touched with a mag¬ 
net or load-done. 

ANNUAL, in AJlronomy, fomething that returns 
every year, or which terminates with the year. 

Annual motion of the earth. See Earth. 

Annual argument of longitude. See Argument* 

Annual epafts. See Ei-act. 

Annual equation of the mean motion of the fun and 
moon, and of the moon’s apogee and nodes. See Equa¬ 
tion. 

ANNUITIES, a term for any periodical income, 
arifing from money lent, or from houft-s, lands, fabrics, 
penliotis, &c; payable from time to time; either an¬ 
nually, or at other intervals of time. 

Annuities may be divided into Inch as are certain , 
and fuch as depend on fome contingency, as the continu¬ 
ance of a life, &c. 

Annuities arc alfo divided into annuities in poffcffion, 
and annuities in revtrjian; the former meaning fuch as 
have commenced; and the latter fuch as will not com¬ 
mence till fome particular event has happened, or till 
fome given period of time has clapfed. 

Annuities may be farther confidered as payable cither 
yearly, or half yearly, or quarterly. Sc c. 

The prefent value of an annuity, is that fum, which, 
being improved at intereft, will be fuflicient to pay the 
annuity. 

The prefent value of an annuity certain, payable yearly, 
is calculated in the following manner.—Let the annuity 
be 1, and let r denote the amount of il. for a year, or 
I/. increafed by its intereft foroncyear. Then, 1 being 
the prefent value of the fum r, and having to find the 
prefent value of the fum j, it will be, by proportion 
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thus, r : t :: x : —the prefent value of iL due a. 
year hence* In like manner will be the prefent va¬ 
lue of il, due a years hence ; for *•: i In like 

r r 

manner —, —, —, &c. will Be the prcfent value of 

r i r * r i * 


il. due at the end of 3, 4, $> &c, years refpeftively ; 

and in general, -i-will be the value of 1/. to be received 

after the expiration of n years. Confequcntly the fum 

of all thefe, or — + — 4 - — + — + &c, continued to 
r r z r 3 r* 

n terms, will be the prefent value of all the » years an¬ 
nuities. And the value of the perpetuity, is the fum of 
the feries continued ad infinitum. 

But this feries, it is evident* is a geometrical pro- 

greflion, whofe firfl term and common ratio are each —, 

and the number of its terms » ; and therefore the fum * 
of all the terms, or the prefent value of all the annual 


.... 1 l 1 

payments, will be s --X -. 

r— 1 r — I r" 

When the annuity is a perpetuity, it is plain that 

the laft term — vaniflies, and therefore —-— X — alfo 
»“ r—1 r n 

vanifhes ; and confequcntly the expreffion becomes 
barely t = ~~~i that is, any annuity divided by its 
intcrcll for one year, is the value of the perpetuity. 


So, if the rate of intereft be 5 per cent; then 20 

is the value of the perpetuity at 5 per cent. Alfo -^2 

4 

= 25 is the value of the perpetuity at 4 per cent. And 


100 


— 33 J is the value of the perpetuity at 3 per cent. 


intend. And fo on. 


If the annuity is not to be entered on immediately, 
but after a certain number of years, as m years; then 
the prcfent value of the reverfion is equal to the differ¬ 
ence between two prefent values, the one for the fir ft 
term of m years, and the other for the end of the laft 
term n : that is, equal to the difference between 



t 


r—1 


X 


1 1 


fin 


Annuities certain differ in value, as they are made 
payable yearly, half-yearly, or quarterly. And by pro¬ 
ceed ing as above, ufing the intereft or amount of a 
half year, or a quarter, as thofefor the whole year were 

2 


ufed, the following fet of theorems will arife j where r 
denotes, as before, the amount of il. and its intereft for 
a year, and n the number of years, during which, any 
annuity is to be paid; alfo P denotes the perpetuity 

——, -Y denotes —---— x —the value of 

r—1 r—1 r—t r“ 

the annuity fuppofed payable yearly, H the value of the 
fame when it is payable half-yearly, and Q^the value 
when payable quarterly; or univerfally, M the value 
when it is payable every m part of a year. 

Theor. i. Y = P - P X (-)' 

r • 

Theor. 2. H = P — P x (—— ) * 

V + x • 

Theor. 3 . Q_— P - P x 

Mr BV' 

THKOR. 4. M = P - P X <—;-) 

V + m — 1 1 


Example IV 

Let the rate of intereft be 4 per cent, and the terns 
5 years ; and confequcntly r = 1 -04, n — 5, P = 25 
alfo let m — 12, or the intereft payable monthly in 
theorem 4 : then the prefent value of fuch annuity of 
I/, a year, for 5 years, according as it is fuppofed pay¬ 
able il. yearly, or J/. every half year, or \l. every quar¬ 
ter, or T y. every month or T 'jtli part of a year, will- 
be as follows: 

Y = 25 — 25 x '821928 — 4*45*8 

H = 25 — 25 x *820348 = 4 * 49*3 

C) = 25 - 25 x *819543 = 4'5**4- 

M = 25 — 25 x '818996 = 4-5251 

Example 2. Suppofing the annuity to continue 25 
years, the rate of intereft and every thing elfe being a* 
beforethen the values of the annuities for 25 years will- 
be 

Y = 25 — 25 X *375118 = 15*6221 

H = 25 — 25 x '371527 = 15-7118 

Qj= 25 - 25 x *369709 = * 5*7573 
M = 25 — 25 x *368477 = 15*7881 

Example 3. And if the term be 50 years, the va¬ 
lues will be 

Y = 25 — 25 X *140713 = 21*4822 

H = 25 — 25 X *138032 = 21*5492 

Qj= 25 — 25 x *136685 = 21*5829 
M = 25 — 25 x **35775 = 21*6056 

Example 4. Alfo if the term be 100 years, the 
values will be 

Y = 25 — 25 x *019800 = 24*5050 

H = 25 — 25 x *019053 = 24*5237 

Q_= 25 — 25 x *018683 = 24-5329 
M r= 25 — 25 X *018435 = -24*5391 

Hence the difference in the value by making periods 
of payments fmaller, for any given term of years, is the 
more as the intervals are fmaller, or the periods more 
frequent. The fame difference is alfo variable, both as 
the rate of intereft varies, and alfo as the whole *tcrm- 
of years m varies $ and, for any given rate of intereft, it 
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is evident that the difference, for any period* m of pay 
meats, firft increafts from nothing us the term n in- 
creafes, when » is o, to fume ceitain finite term or value 
of«, when the difference D is the greateft or a maxi¬ 
mum ; and that afterwards, as n increafes more, that 
difference will continually decreafc to nothing again, and 
vanifh when n is infinite: alfo the term or value of », 
for the maximum of the difference, will be different ac¬ 
cording to the periods of payment, or value of m. And 
the general value of«, when the difference is a maximum 
between the yearly payments and the payments of m 
times in a year, is expreffed by this formula, viz, 


ml. 


« 4- r — I 




/. 


H SS ■ 


where /. denotes the log - 


m -f- r — I 
m 




arithm of the quantity following it. Hence, taking 
the different values of m, vi/., 2 for half years, 4 for 
quarters, 12 for monthly payments, See, and lubllituting 
in the general formula, the term or value of v for each 
cafe, when the difference in the prefent worths of the 
annuities, will be as follows, reckoning intetell at 4 per 
cent, viz. 


* 


2/.' 

/ ■ 


r + t 
2 

1. r 


21 . 


r + > 
2 


Years 

—= 25-3777 for half-yearly payments, 
/.r 


r + 3 



-- = 25*3200 for quarterly payments, 
l.r 


12/. 

1 . 


r + it 


12 


n ~ 


J. r 


ill. 


r 4- 11 


12 


= 25*2643 f°r monthly payments. 
l.r 


Annuities may alfo be Corfu!crcd as in arrears, or as 
forhorn, for any number of years ; in which cafe each 
payment is to be confidered as a fum put out to in- 
terell for the remainder of the term after the time it 
becomes due. And as 1 /. due at the end of 1 year, 
amounts to r at the end of another year, and to r* at 
the end of the 3d year, and to r> at the end of the 4th 
year, and fo on; therefore by adding always the la It 
yent’s annuity, or 1, to the amounts of allthefoimer 
years, the fum of all the annuities and their intereils, 
will be the fum ,of the following geometrical feries, 
* + tr r* + r J -+• r* ----- - - to r*“ *, conti¬ 
nued till the lail term be r n ~ *, or till the number of 
terms be n, the number of years the annuity is forborn. 

But the fum of this geometrical progreffion is --■*, 


which therefore is the amount of l/. annuity forbom far 
n years. And this quantity being multiplied by *»7 
other annuity a, inftead of. I, will produce the amount 
for that other annuity. 

But the amounts of annuities, or their prefent values, 
are cafieft found by the two following tables of numbers 
for the annuity of il. ready computed from the fore* 
going principles. 


Table I. 

The Amount of an Annuity of il. at Comp . Interefi. 


< 

a« 3 per 

3 -i P ,r 

4 per 

4 { per 

5 rer 

6 prr 

“ 

CPSit. 

cent. 

cent. 

cent. 

cent. 

cent. 

. 

VCCW 

i •ODe‘C r - 

| V1O.1OI 

1 •. 0 \>o 

1*0 

1 'uOJ'.v 


t ’ fjorr . 

2-03500 

+ *o40o< 

2'04 $00 

2*0500. 

fction ... 

3 

V 09 -- 9 - 

3*1 :0i; 

3-12161 

3 ** .5703 

3 *‘ 5*5 

3 *i 8 { 9 . 

4 

4-1 «i 3 01 

4*21494 

4-24646 

4-27819) 4*31011 

4*17462 

« 

3-3^914 

5*36247 

5 * 4 ' 6 1 * 

5-470711 5-51564 

5-03709 

(« 

t> *40 ^1 

6 - 54 -‘i• 

6-63298 

6 • 711» S 9 j 6*80191 

6 - 975(2 

7 

7-<16:46 

7 ‘ 7794 > 

•J *89829 

8-0191 5 

14201 

8-39384 

8 

8 - 39*34 

9-05169 

9-214*3 

9 ' 38 .->oi 

9*54911 

9 " 8 '; 74 *- 

9 

1-''•15911 

I‘J* Cv.* 

i 

lO'iV Z r I 

11-/2056 

11-49132 

u 

11 '46388 

U-751 39 

12 -«o(> 1 1 

ifi88n 

12-5778.) 

ij-i8i?7 1 

l I 

12-8:780 

13-14199 

i j -4X0 3 5 

13*84118 

14-20679 

14-97104 

IZ 


14*60196 

15-02581 

15-464^3 

i 5 ’ 9 ’ 7 i 1 

1 (>’86994 

‘.1 

15-61779 

16‘i 1303 

19-92684 

17-15991 

17-7129!! 

t8-8S2i4 

‘4 

17- >81,3; 

17-67699 

18-29191 

i8-or.li 

14-5986; 

2 1* H^07 

1 5 


20-32359 

*.-*>s.ps 

21-57856 

25*27197 

1 

i:' - 1 5938 

20-97105 

ZI*M4*. 3 

**-.-' 9;4 

*3 *6 -, 74 *; 

.’. 1 * 07*5 1 

1 7 

21-7(159 

2Z*70%C.2 

. *3-6975' 

- 4 *’ 4 ' 7 i 

•*•5 * 4 - 37 

28-21*88 

iX 

23-41444 

24-49969 

25-64541 

26-85508 

*8-1 3:3 : 

30-90565 

'9 

24*116S7 

20-35718 

27-67123 

zyoO ’ 56 Ws 

31*75996 

1-4 

*6-87037 

28-17968 

29*77808 

31*37141 

3 3-06505 

36-78159 

Z 1 

28-67049 

30-26047 

31 *96920 

33*78314 

35-7*915 

. 39 *y-ri 


30*52678 

32*32800 

34 ** 479 ' 

36-50338 

38*50521 

43 * 39**9 


32452 38 

34-46-41 

36-0178 , 

5 «-c) 37 ' 3 

4 > *4 5048 

46*9938 1 

*4 

34 - 4 iH 7 

36-6665. 

^9*o8x(»c 

41 'ftHysr 44’ 

557-8 145X 

- 5 

56-459-6 

38-94986 

41 -6.< 591 

44 * 565 * I 

47 - 72-1 | 54 'X64> ' 

,6 

58-55504 

41*^1 lh« 

44-31174 

47 ■ * 7064! 5 1 - 1 1 34 "• 

59 'l 565'’ 

27 

40-7. 965 

43-75901. 

47-08421 

50-71132 

54 "66), 1 3 

6 . 1-7 - 5 ." 

z* 

42 *y 3097 . 

46-29063 

49 ' 9 fi 7 -.S 

53*99333 

90-4^ 2 9 S 

06’1*811 

*9 

45-21885 

48-9!' 8 ■ 

51-96629 

37 - 4 -’ 303 

62 - -,2271 

71 -(> • 

? 1 

47 *t 7 c-.» 

51-62268 

56-08404 

6 r -7 7 

66- 4 ,-8 

7 ’»* 

3 * 

50-00268 

54 ’ 4 a 947 

59 ' 3 t '> 3 *l 

64-752,9 

7 :• * 7 t> c ' 7 ‘> 

b 4 - 8 ('i 6.5 

11 

52’C027fi 

57-3 345 

"O^l-t** 

68*6^62^ 

75-29XX ; 

r,i *£:’i;7 K 

j > 

55-27784 

6i.i-44121 

66-20953 

72-75623 

80-/6377 

97-3+31" 

VT 

57*7 ?:>18 

63-4531.- 

69-8 579 1 

77-03 26 

85-0669*’ 

154-161 ■ 

.3 - 

65-46108 

^>6*674 C 1 

73-6522: 

t? 1 fs » 

9 — 32 -s* 

' 1 ' ' 434"1 

. 3 * 

65-27 >94 


77 ” ' 9 ^ 3 ' 

86-16397, 95-556:.- 

119-1 25 b- 

*7 

66*17422 

73 * 41/87 

81*70225 

91 -04134,101 -'12814 

127-26812 

yi't 

69-145,45 

77-02889 

85-<17034 

96*1382,-. 

107-7- 9 -r 

( 35 - 0 ,-.421 

.39 

72-23425 

80-72491 

90-40915 

101-4644’ 

f 14*-5 ?. 

I 41 * 75 v ’ 4 - 

4 

74-40126 

84-5501- 

9 5-..*5 5 * 

107*030^2 

I.-..-79977 

' 54 * 76 i‘.; 

4 i 

78-6633 

88-50954 

99*82654 

11^-84669! 12 7 *b 1976 

105- 470•' j 

42 

82-02520 

92-60737 

104*8196. 

1 *3-92479 

• 3 '**.» 1 7 t |* 7 ; ' l / 5 u 54 

+ ; 

85-48 589 

96-84863 

110*01238 

r *5 *2764:1 

i 4*'97 314 ;'87- 5 -' 75 '-i 

43 

89*04841 

IH-2 3834 

115-41288 

131-91384 

151 * 14501 

199*7 38, .] 

+ ; 

92-71986 

105-78167 

121*02939 

138-84497 

1 59-7./016 

212-7435.; 


96-,0146 

110-4840, 

126-87047 

146-09821 

168-68516 

2 16 ■ 5 t’S 1 21 

43 

100-5965.- 

IIS- 3509 : 

' 3**94 5 3 '' 

133-67263 

178-1194? 

241-CKIX6I 

♦ v 

104-412840 

120-18826 

139*16321 

161-5X790 

13 5-02 5 19 

-36-564; -( 

4 .- 

108-5426. 

125-60181 

' 45*83373 

169-85936 

198 -42666 

272-9584 

;; 

11 ’-79687 

>30-99791 

1 ;:-667oS 

17 X* 5 ' , 3.-5 

*09*148. 

29:- 335 " 

>' 

117-18077 

136-58284 

• 59-77 377 

187-5' 5 *' fi 

220'S 1 541 

3 -i 8 ’ 75 'ii 6 

V* 

121*69610 

142-36324 

167-16472 

« 9-'**97477 

3^‘S .617 

328-2814! 

> s 

126*34708 

I 48 - 3449 t 

174*8513' 

<06-83863 

245-4989- 

348-97811 

5 +j 

1 Ji"i. 17 jo 

i S 4 -5 j8o6 

181-84536 

217*14637 

258-7719* 

17 '- 9 I 7 i 
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Table II. 

7 'he prefent Value of an Annuity of xl 


*< 

at 3 per 

3 $ PW 

4 per 

4{- per 

5 per 

6 per 

3 

cent. 

cent. 

cent. 

cent. 

Cent. 

cent. 

t 

Q *97087 

0*96618 

0*96154 

0*95694 

0*95238 

0-94340 

1 

>‘91347 

1*89969 

1 *886ir» 

1*87267 

1*85941 

j-83339 

3 

£*82861 

2*80164 

** 775«9 

2*74896 

2*72315 

2-67301 

4 

3 ' 7 * 7 10 

3*67308 

3-62990 

3*5^75 ? 

3 *545 9 5 

3-465*2 

5 

4 * 5797 * 

4 ’qi 505 

4 * 45 l 8 * 

4*38998 

4*32448 

4-21236 

6 

5*4 * 7 1 9 

5 * 3* 8 55 

5*24214 

5*15787 

5*07569 

4-9 >732 

7 

6*23028 

6m 1454 

6*00205 

5*89270 

5*78637 

5-58238 

8 

7*01969 

6*87396 

6*73274 

6*59589 

6*46321 

6-20979 

9 

7*78611 

7*60769 

'*43533 

7*26879 

7*1078* 

6*80169 

IO 

8*53020 

8*31661 

8*ii 090 

7*91271 

7-72173 

7*36009 

I 1 

9*25162 

9*00155 

8*76048 

8*52892 

8-30541 

7*88687 

12 

9*95400 

9*66333 

9*38507 

9*11858 

8-86325 

8*38384 

>3 

ICO $496 

ro*50274 

9*98565 

9-68285 

9*393 57 

8*85268 

14 

11*29607 

10*92052 

10*56312 

10-22283 

9-89864 

9*2941,8 


11*03794 

11*51741 

11*11839 

10 *7 3955 

10*37966 

9*71225 

16 

12*56110 

12*09412 

11 '6523c 

II # 23402 

>0-83777 

1 Cl 0590 

f 7 

1 3*i66»i 

12*65132 

12*16567 

11-70719 

11-27407 

10*47726 

iS 

r 3'753 5 * 

13*13968 

12*65930 

12*15999 

11-68959 

10*82760 

'9 

14*32383 

13*70984 

' 3'*3394 

12*59329 

1 2*08532 

11*15812 


14*87747 

I/J-ZI24C 

13 * 5903 ? 

13-00794 

12*46221 

11-46992 

2 1 

15*415 2 

14-69797 

14*02916 

13-4047* 

12 * 8*115 

11*76408 

l.Z 

13*93692 

15* 16712 

14*45112 

13-78442 

13-16300 

12*04158 


16*44361 

I5-62041 

14*85684 

> 4->4777 

13'48557 

12*30338 

14 

16*93; 54 

16-05837 

15 *.'4 6 9 6 

14*49548 

>3-79864 

12*55036 

2 s 

> 7 ‘ 4 r m I&* 4 «> 5 » 

12*621.-8 

14*8:821 

i 4 ’OQ 394 

12*78336 


17*87684 


•5 • 9 ' 9-77 

15*14661 

> 4 * 375 , 9 


27 

18*32703 

r 7 * * S 5 3 6 

16-32959 

> 5 * 45 M< 

14-64303 

13*21053 

iS 

18*76411 

17*66702 

16.66306 

> 5 * 74*37 

14*89813 

13 *40616 

19 

119*18845:18*03577 

16*98371 

16*02189 

15-14107 

13*5907* 

n 

19*62044 

'ih*-? 92 C 5 

17*19303 

16*28889 

> 5*37245 

13*76483 

11 

£0*00143 

18*7362? 

17*58849 

16*54439 

15-59281 

13*92909 

32 

£0*38677 

'19*06887 

' 7*87355 

16*78889 

15-80268 

14*08404 

33 

10*76-79 19*39021 

18*147115 

17*02286 

16*00255 

14*23023 

34 

21*1 2 184! 19 *70068 

l8*4\ >20 

17*24676 

16*19290 

14*36814 

33 

21 * 4^*722 

2 <» t » oo 66 

18*661461 

17 * 46 ict 

16*37419 

14*49825 

3 & 

21*83225 

20*29049 

18*90828 

17*1111604 

16*54685 

14*62099 

37 

2^*1672412.1’ ^705^ 

19*14158 

17*89224 

16*71129 

14*73678 

3 « 

21 *49246 

20*84109 

I 9 * 3 ^ 7 S 6 

18*04999 

16*86789 

14*84602 

39 

2i-8o822 

21*1225.- 

1 9*58448 

18*22966 

17*01704 

14*94907 

40 

23 *II 477 

21*3550; 

19*79277 

18*401 5$ 

17 *' 59 , *>9 

15 *046 30 

4 ' 

23*41240 

21*59910 

ly* 903 O 5 

18*56611 

17*29437 

15*1380 * 

41 

23*70136 

21*83483 

20*18563 

>«-72355 

17*42321 

> 5-22454 

43 

2 3 *1,8 I90 

22*06269 

20*37079 

18*87421 

I 7 * 5459 t 

15*30617 

44 

24*25427 

22*28279 

20*54884 

19*01838 

17*66277 

15*38318 

45 

£4-51871 

22*49545 

20*72004 

19*1563; 

17*77407 

> 5 ’ 45<83 

46 

2 4 ' 77 S 43 

22*7009? 

20*88465 

19*28837 

17*88007 

> 5*52437 

4 ' 

25-02471 

22*89944 

21*04294 

19*41471 

17*98102 

15*58903 

4 ? 

25*26671 

23*09124 

21-1951? 

19*5356' 

18*07716 

15*65003 

49 

25*50166 

23*27656 

2 «* 34'47 

19*65130 

18*1687: 

15-70757 

<c 

25 * 7297 * 

23.45562 

2 1 *4Rj »8 

19*76201 

1 8*2 5 59 3 

1 5*76186 

31 

15*95113 

2 3.62862 

21 -61749 

19*86795 

18*3 3)198 

1 5*81308 

5 2 

26*16624 

23-79576 

21-74758 

>9*9693; 

18*41807 

1 5*86139 

33 

26*37499 

2 1 * 957*6 

21 "87267 

20*06634 

18*49340 

15*90697 

34 

26*5776(1 

* 4 ’ 11 33 * 

11 *9Q29(j 

20*15918 

>8-56515 

15-9499* 


The Use or Table I. 

7 o find the Amount of an annuity forhorn any number of 
years. Take out the amount from the t ft table, for the 
propofed years and rate of filtered; then multiply it 
by the annuity in queition; and the prodinft will be 
its amount for the lame number of years, and rate of 
intereil. 

And the coovcrfe to find the rate or time. 
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Exam. i. To find haw much an annuity of yol. wilf 
amount to in 20 years at 3* per cent, compound in- 
tereft.—On the line of 20 years, and in the column of 
per cent, (lands 28*27968, which is the amount of 
an annuity of il. for the 20 years; and therefore 
28*27968 multiplied by 50, gives 1413*9841. or 1413!. 
19s. 8d. for the anfwer. 

Exam. 2. In what time will an annuity of sol. amount 
to ioool. at 4 per cent, compound intereil ? —Here the 
amount of ioool. divided by 2cl. the annuity, gives 50,. 
the amount of il. annuity for the fame time and rate. 
Then, the neared tabular number in the column of 4 
per cent, is 49*96758, which (landing on the line of 
28, (hews that 28 years is the anfwer. 

Exam. 3. If it be required to find at what rate of 
intereil an annuity of 2d. will amount to ioool. for* 
born for 28 years.—Here 1000 divided by 20 gives co 
as before. Then looking along the line of 28 years, for 
the neareil to this number 50, I find 49*96758 in the 
column of 4 per cent, which is therefore the rate if 
intereil required. 

The Use of Table IL. 

Exam. j. To find the prefent value of an annuity of 
col. which is to continue 20 years, at 3.J per cent.— 
lly the table, the prefent value of il. fortne fame rate 
and time,, is 14*21240; therefore 14*2124 X 50 rs 
710*621. or 7 id. 12s. 4d. is the prefent value fought. 

Exam. 2. To find the prefent value of an annuity 
of 2d. to commence 10 years hence, and then to con¬ 
tinue for 40 years, or to terminate 50 years hence, at 
4 per cent, intereil.—In fuch cafes as this, it is plain 
w<* have to find the difference between the prefent value# 
of two equal annuities, for the two given times ; which, 
therefore will be effected by fubtradting the tabular va¬ 
lue of the one term from that of the other, and mul¬ 
tiplying by the annuity. Thus, 

tabular value for 50 years 21 *48218 
tabular value for 10 years 8* 11090 


the difference 13*37128 
mult, by - 20 


gives - 267*4256 

or 267I, 8s. 6d. the anfwer. 

The foregoing obfervations, rules, and tables, con* 
tain all that is important in the doftrinc of annuities 
certain. And for farther information, reference may 
be had to arithmetical writings, particularly Mal¬ 
colm's Arithmetic, page 595 ; Simpfon’s Algebra, 
fc6l. 16; Dodfon’s Mathematical Repofitory, page 
298, &e; Jones’s Synopfis, ch. ic; l’hilof. Tranf. 
vol Ixvi, page 109. 

For what rebates to tlic doftrine of annuities on lives, 
fee A-SURANCE, CoMl’LEMLNT, EXPECTATION, LlFE 
Annuities, Reversions, &c. 

ANNULETS, in Architecture , arc fmall fquare 
members, in the Doric capital, placed under the quar¬ 
ter round. 

A.tnulet is alfo ufed for a narrow flat moulding, com¬ 
mon to other parts of a column, as well aa to the ca¬ 
pital ; and fo called, becaufc it encompaffca the column 

around. 
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arotmd. In which feufc annulet is frequently ufed for 
baguette, or little afiragaL 

ANNULUS, a fpccies of Volcta. See alfo Ring. 

ANOMA LISTICAL Tear, in Afironomy , called 
alfo periodic a! year, is the fpacc of time in which the 
caith, or a planet, pafles through its orbit. The ano- 
maliftical, or common year, is fomewhat kmger than 
the tropical year; by reafon of the precdlioa of the 
equinox. 

And the apfes of all the planets have a like progref- 
five motion ; by which it happens that a longer time is 
necefiary to arrive at the aphelion, which has advanced 
a little, than to arrive at the fame fixed liar. For ex¬ 
ample, the tropical revolution of the fun, with refpett 
to the equinox, is - 3 f, S d " > h 4 ® m 45 s » 

but the lidereal, or return to the fame 

ftar, - - 365 6 9 it; 

and the auomaliftic revolution is 365 6 15 20, 

becaufe the fun’s apogee advances each year 65 '£ with 
refpedt to the equinoxes, and the fun cannot arrive at 
the apogee til! he has palled over the 6 more than 
the revolution of the year anfwering to the equinoxes. 

To find the anomaliftic revolution, fay. As the whole 
fccular motion of a planet minus the motion of its aphe¬ 
lion, is to 100 years or 31 5 J 760000 feconds, ibis 360°, 
to the duration of the auomaliftic revolution. 

ANOMALOUS, is fomething irregular, or that 
deviates from the ordinary rule and method of other 
things of the fame kind. 

ANOMALY, in Afironomy, is an irregularity in 
the motion of a planet, by which it deviates from the 
aphelion or apogee ; or it is the angular dillance of the 
planet from the aphelion or apogee; that is, the angle 
formed by the line of the apfes, and another line drawn 
through the planet. 

Kepler diftinguilhes three kinds of anomaly; mean , 
eccentric, and true . 

Mean or Simple Anomaly, in the ancient aftronomy, 
is the diftance of a planet’s mean place from the apogee. 
Which Ptolomy calls the angle of the mean motion. 

But in the modern aftronomy, in which a planet P is 
confidered as describing an ellipfc APB about the fun 
S, placed in one focus, it is the time in which the planet 
moves from its aphelion A, to the mean place or point 
of its orbit P. 



Hence, as the elliptic area ASP is proportional to 
the time in which the planet deferibes the arc AP, that 
area may reprefent the mean anomaly.*—Or, if PD 
be .drawn perpendicular to the tranfverle axis AB, and 
meet the circle in D deferibed on the fame axis; then 
ftta mean anomaly may alfo be reprefented by the cir¬ 


cular trilineal A^D, which is always proportional to 
the elliptic one ASP, as is proved in my Menfuration, 
pr. 8, page 396, feeoiid editiog.—Or, drawing SG 
perpendicular to the radius DC produced ; then the 
mean anomaly is alfo proportional to SG + the circu¬ 
lar arc AD, as is demonftrated by Keil in his Lett. 
Afiron. — Hence, taking DH = SO, the arc All, or 
angle ACH will be the mean anomaly in prafticr, as 
expreffed in degrees of a circle, the number of thofe 
degrees being to 360°, as the elliptic trilineal area ASP, 
is to the whole area of the dlipfe; the degrees of 
mean anomaly, being thofe in the arc AH, or angle 
ACH. 

Eccentric Anomaly, or nf the centre, in the modern 
aftronomy, is the arc AD of the circle ADP> inter¬ 
cepted between the apfis A and the point D determined 
by the perpendicular PPL to the line of the apfes, 
drawn through the place P of the planet. Or it is the 
angle ACD at the centre of the circle.—Hence the 
eccentric anomaly is to the mean anomaly, as Al) to 
AD 4- SG, or as AD to AH, or as the angle ACD 
to the angle ACH. 

True or liquated Anomaly, is the angle ASP at 
the fun, which the planet’s dillance AP front the aphe¬ 
lion, appears tinder; or the angle formed by the ra¬ 
dius vector or line SP drawn horn the fun to the planet, 
with the line of the apfer. 

The tnie anomaly being given, it is cafy from 
thence to find the mean anomaly. For the angle ASP, 
which is the true anomaly, being given, the point P 
in the ellipfc is given, and thence the proportion of the 
area ASI* to the whole eliiplc, or of the mean anomaly 
to 360 degrees. And for this purpofc, the following 
cafy rules for practice are deduced from the properties 
of the ellipfc, hj M. dc la Caille in his Elements of 
Aftronomy, and M. tie la Landc, art. 1240 &c of hit 
aftronomy : ill, As the fquarc loot of S 13 the perihe¬ 
lion diftance, is to the fquarc root of SA the aphelion 
diftance, fo is the tangent of half the true anomaly ASP, 
to the tangent of half the eccentric anomaly ACD. 
2nd, The difference DH or SG between the eccentric 
and mean anomaly', is equal to the product of the ec¬ 
centricity CS, by the fine of SCG the eccentric ano¬ 
maly juft found. And in this cafe, it is proper to 
cxprels the eccentricity in feconds of a degree, which 
will be found by this proportion, as the mean dif¬ 
tance x : the eccentricity : : 206264*8 feconds, or 
57 0 17' 44 //, 8, in the arch whofe length i* equal to 
the radius, to the feconds in the arc which is equal 
to the eccentricity CS; which being multiplied by 
the fine of the eccentric anomaly, to radius 1, as above, 
gives the feconds in SG, or in the arc DH, being the 
difference between the mean and eccentric anomalies. 
3d, To find the radius veftor SP, or diftance of the 
planet from the fun, fay' either, as the fine of the true 
anomaly is to the fine of the eccentric anomaly, fo is 
half the lefs axis of the orbit, to the radius vector SP; 
or as the fine of half the true anomaly is to the line 
of half the eccentric anomaly, fo is the fquare root of 
the perihelion diftance SB, to the fquare root of the 
radius veftor or planet’s diftance SP. 

But the mean anomaly being given, it is not fo eafy 
to find the true anomaly, at leaft by a ditefl prorefat 
Kepler, who firft propoied this problem, couhl not find 

a direft 
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a direft way of refolving it, and therefore made ufe of 
an indirect one, by the rule of falfe portion, as may be 
ften page 69 J of Kepler’s F.pitom. Ajlron. Coper me. See 
alfo §628 Wollins Firm, Ajlron. Now the eafieft me¬ 
thod of pci forming this operation, would be to work 
firil for the eccentric anomaly, viz, aiTume it nearly, and 
from - it fo afllimed compute what would be it# mean 
anomaly by the rule above given, and find the differ¬ 
ence between this rcfult and the mean anomaly given ; 
then afiumc another eccentric anomaly, and proceed in 
the fame way with it, finding another computed mean 
anomaly, and its difference from the given one; and 
11 rating thrfe differences as in the rule of pofition far 
a nearer value of the eecentric anomidy : repeating the 
operation till the rcfult come# out exact. Then, from 
the ccccntiic anomaly, thus found, compute the true 
anomaly by the 1 li rule above laid down. 

Of this problem, Dr. Wallis firil gave the geome¬ 
trical folutionby means of the protracted cycloid ; and 
Sir Ifaac Newton did the fame at prop. 31 lib. 1 Priti- 
eip . Hul thefe methods being unlit for the purpofe of 
the practical alironomcr, various feries for approxima¬ 
tion have been given, viz, fcveral by Sir Ifaac Newton 
in his l'ra«mcnta Fpjiulurum , page zfi, as alfo in the 
Schol. to the prop, above-mentioned, which is hisbeft, 
being not only lit for the planets, but alfo for the 
comets, whofc orbits are very eccentric. Di. Gregory, 
it: his Ajlron. lib. 3, has alfo given thefolution by a fe- 
ties, as well as M. Reyncau, in his AnalyJ'e Uimontrce 
page 713, &c. And a betfer flill for converging is 
given by Keil in his Pr.cL ii. Ajlron. page 375 ; lie fays, 
if the arc AH be the mean anomaly, calling it# fine r, 
cofine f, the eceentrieity y, alio putting a — and 
<1 — 1 -J- fr; then the eccentric anomaly AD will be 

9’Z 

s= — x ( 1-- &c), fuppofiug r — 57‘*9578 dc- 

grees; of which the firfl term — is fuflieient for all the 

planets, even for Mars itfilf, where the error will not 
exceed the 200th part of a degree; and in the orbit of 
the earth, the error is lefs than the icoooth part of 
a degree. 

Dr. Seth Ward, in his Ajlroncmui Geow, -friar , takes 
the angle A l-'I’ at the other focus, where the fun is not, 
for the mean anomaly, and thence gives an elegant fo¬ 
liation. 15 ut this method is not fiifih'eiuly accurate 
when tl.ecibit is very eecentric, as in that of the pi-met 
^-lars, as is fhewn by Bullialdus, in his defence of the 
Phil,l iir. Ajlron. againll Dr. Ward. Ho.vever, when 
Newton’s correction is made, as in the Schol. above- 
mentioned, and the problem refolvtd according to 
Ward’s hypothesis. Sir Ifaac affirms that, even in the 
orbit of Mars, there will fcarce ever be an error of 
more than one fecond, 

ANSAi, Ansi:?, in A/lronomy , thofe feemingly pro¬ 
minent parts of the ring of the planet Saturn, difeovered 
/:■ its opening, and appearing like handles to the body 
oi the planet; from which appearance the name aufte 
is taken. 

ANSER, in A/lronomy, a fmall liar, of the 5th or 
Dh magnitude, in the milky-way, between the eagle 
toul fv\an. full brought into order by lievciius. 

Vox. I. 


ANTARCTIC pole, denotes the fouthern pole, .or 
fouthern end of the earth’s .axis.—-The tlars near the! 
autarkic pole never appear above our horizon in thefe 
latitudes. 

ANTARCTIC circle, is a fmall circle parallel to the 
equator, at the diftancc of 23° 28' from the antarftic 
or fouth pole.—At one time of the year the fun never 
rifes above the horizon of any part within tlus circle | 
and at other times he never fets. 

ANT ARES, in Aftronomy, the fcorpion’s heart; 
a fixed liar of the firil magnitude, in the conflellatum 
Scorpio . 

ANTECANIS is ufed by fome aftronomers, to 
denote the con dell at ion otherwife called ctinh minor, or 
the ilar procyon. It is fo called, as preceding, or being 
the forerunner of the cank major , and rifing a little 
before it. 

ANTECEDENT, of a ratio , denotes the firft of 
the two terms of the ratio, or that term which is com¬ 
pared with the other. Thus, if the ratio be 2 to 3, 
or a to b ; then 20 r a is the antecedent. 

ANTliCEDENTAL Method, is a branch of gene¬ 
ral geometrical proportion, or univerfal comparifon, 
and is derived from an examination of the Antecedent* 
of ratios, having given confequents, and a given iland- 
ard of companion, in the various degrees of augmen¬ 
tation and diminution, which they undergo by com- 
pofition and decompofition. This is a method invented 
by Mr. James Glcnie, and pnblifhcd by him in 1793; 
a method which he fays he always ufed inflead of the 
fluxional and differential methods, and which is to¬ 
tally unconnected with the ideas of motion and time. 
See the author’s treatife above-mentioned, and alfo hie 
Doftrine of Univerfal Comparifon, or General Propor¬ 
tion, 1789, upon which it is founded. 

ANTECEDENT 1 A, a term ufed by aftronemers 
when a planet &c moves weft ward, or contrary to the 
order of the figns aiies, taurus, &c.—Like as when it 
moves caiUvard, or according to the order of the figns 
aries, taurus, &c, it is then faid to move in corjrqurntia. 

ANTEC 1 ANS, or Antoeci, in Geography, the in¬ 
habitants of the earth which occupy the lame femicirele 
of the fame meridian, hut equally diftant fioni the. equa¬ 
tor, the one north and the other fouth; as Pclopounefus 
and the Cape of Good Hope. 

Tlicfe have their noon, or midnight, or any other 
hour at the lame time ; but their feafons are contrary, 
being fpring to the one, when it is autumn with the 
other ; and fummer with the one, when it is winter 
with the other ; alfo the length of the day to the one, 
is equal to the length of night to the other. 

ANTES, in Aichiuctuie, are lmall pilallrcs placed 
at the corners of buildings. 

ANTICS, in Architeciure, figures of men, bead.:, 
&c, placed as ornaments to buildings. 

ANTICUM. in Aichitedturc, a porch before a 
dooi ; alfo that part of a temple, which is called thq 
outer temple, and lies between the body of the temple 
and tin? portico. 

ANT 1 I.OGARIT 11 M, the complement of the log¬ 
arithm of a fine, tangent, feeant, &c, to that of the radi¬ 
us. This is found by.beginning at the left hand, Tub • 
trafting each figure from u, and the lafl figure from 10. 

R ANTINOL’S, 
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ANTTNOUS, in AJlronomy, a part of the conftel- 
latiou i/tfui!, 7, or the eagle. 

ANTIOCHIAN AVIS', or Academy, a name given 
to the fifth academy or branch of academics. It took 
n:i name from being founded by Antiochus, a philofo- 
phtr contemjiotary with Cicero ; and it fuccccdcd the 
i’tiilonian academy. Though Antiochus was really a 
Itoic, and only nominally an academic. 

Antiochian epicha , a method of computing time 
from the proclamation of liberty gi anted to the city of 
Antioch, about the time of the battle of Pharfulia. 

ANTI PA R ALL ELS, in Geometry, are thofe lines 
which make equal angles with two other lines, but con¬ 
trary ways ; that is, calling the former pair the liril and 
2d lines, and the latter pair the 3d and 4th lines, if the 
angle made by the ill and 3d lines be equal to the 
angle made by the 2d and 4th, and contrariwife the 
angle made by the ill and 4th equal to the angle made 
by the 2d and 3d } then each pair of lines are anti¬ 
parallels with refpcCt to each other, viz, the fu ll and 
2d, and the 3d and 4th. So, if AB and AC be any 
two lines,and FCand FE betwo otliers,cutting themfo, 
that the angle B is equal to the angle E, 
and the angle C is equal to the angle D ; 
then BC and DE are antiparallcls with refpect to AB 
and AC ; alfo thefe latter are antiparallcls with re¬ 
gard to the two former.—See alfo Subcontr ary. 

It is a property of thefe lines, that each pair cuts 
the other into proportional fegments, taking them al¬ 
ternately, 

viz AB : AC :: AE : AD : : DB : F.C, 
and FE : FC :: Fli : FD :: DE : BC. 



ANTIPODES, in Geography, arc the inhabitants 
of two places on the earth which lie diametrically 
oppofite to each other, or that walk feet to feet ; that 
is, if a line he continued down from our feet, quite 
through the centre of the earth, till it arrive at the fur- 
face on the other fide, it will fall on the feet of our 
Antipodes, and vice vei-fa.—— Antipodes are 180 de¬ 
grees diilant from each other every way on the furfuce 
of the globe; they have equal latitudes, the one north 
and the other fouth, but they differ by t8o degrees of 
longitude: they "have therefore the fame climates or 
degrees of heat and cold, with the fame feafons and 
length of days and nights; hut all of thefe at con¬ 
trary times, it being day to the one, when it is night 
to the other, fummer to the one when it is winter 
to the other. See: they have alfo the fame horizon, 
the one being as far diilant on the one fide, as the 
other on the other fide, and therefore when the fun, 
&c, rifes to the one, it fets to the other. The Anti¬ 
podes to London arc a part a little fouth of New 
Zealand. 

It has been faid that Plato firft ftarted the notion 
of Antipodes, and gave them the name ; which is likely 
enough, as he conceived that the earth was of a glo¬ 


bular figure. Bnt there have been many difputes upon 
this point, and the fathers of the church have greatly 
oppoltd it, efpecially Ladlaiitius and Augultine, who 
laughed at it, and were greatly perplexed to think hour 
men and trees fhoukl hang pendulous in the air with 
their feet uppermotl, as he thought they mull do, in 
the other hetnifphere. 

ANTISCIANS, or ANTISCII, in Geography, 
arc people who dwell in the oppofite hcmifpheres of 
the earth, as to north and fouth, and whofe lhadows 
at noon fall in contrary directions. This term is more 
general than anttcci, with which it is often confounded. 
The Antifciant Hand contradillinguilhed fiom Perifcians • 

Antiscii is alfo ufed fometimes, among Ajlrttlngers, 
for two points of the heavens equally diilant from the 
tropics. Thus the figns Leo and Taurus are ac¬ 
counted antifeii to each other. 

ANTGECr, fee Anticians. 

APERTURE, in Geometry , is ufed for the fpace 
left between two lines which mutually incline towards 
each other, to form an angle. 

Aperture, in Optics, is the hole next the objcCl- 
glafs of a tclelcope or microfcopr, through which the 
light and the image of the objedl conic into the tube, 
and arc thence conveyed to the eye. 

Aperture is alfo underftood of that part of the 
object-glafs itfelf which covers the former, and which 
is left pervious to the rays. 

A great deal depends upon having a juft aperture.-— 
To find it experimentally : apply level al circles of dark 
paper, of various fizes, upon the face of the glafs, from 
the breadth of a ilraw, to Inch as leave only a imall 
hole in the glafs ; and with each of thefe, feparatclv, 
view fome dillinCt objects, as the moon, liars, &c ; 
then that aperture is to be cliolen through which they 
appear the moil diflinctlv. 

Huygens firft found the ufe of apertures to conduce 
much to the perfection of telcfcopes; and he found 
by experience ( Diop.'r . prop. 5fi.) that the bell aperture 
for an object-glafs, foi example of 30 feet, is to be de 
termined by this proportion, as 33 to 3, fo is the fquare 
root of 30 times the dillance of the focus of any lens, 
to its proper aperture : and that the focal diihuices 
of the cyc-glafies aie proportional to the apeiturcs. 
And M. Au/.our fays he found, by experience, that the 
apertures of telefcopes ought to be nearly in the fub- 
duplicate ratio of their lengths. It has alfo been 
found by experience that objeCt-glafles will admit of 
greater apertures, if the tubes be blacked within lidc, 
and their paffage furnilhed with wooden rings. 

It is to be noted, that the greater or Ids aperture 
of an objeft-glafs, does not increafe or diininilh the 
vifiblc area of the objcCl; all that is effected by this, 
is the admittance of more or fewer rays, and eonfe- 
qucntly the more or lefa bright the appearance of the 
objett. But the largentfg of the aperture or focal 
dillance, caufes the irregularity of its refractions. 
Hence, in viewing Venus through a telcfcopc, a much 
lefs aperture is to be ufed than for the moon, or J u- 
piter, or Saturn, becaufc her light is fo bright and 
glaring. And this circumftancc fomcwhnt invalidates 
and difturbs Azout’s proportion, as is fhewn by Dr. 
Hook, l’hilof. Tranf, No. 4. 

APHELION, or Amielium, in Aftronomy, that 
6 point 
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point in the orbit of the earth, or a planet, in which 
it is at the greateft distance from the fun. Which is 
the point A (in the fig. to the art. Anomaly) or ex¬ 
tremity of the tranfverfe axis, of the elliptic orbit, 
fartheft from the focus S, where the fun is placed ; and 
diametrically oppofite to the perihelion 13 , or nearer 
extremity of the fame axis. In the Ptolemaic fyfiem, 
or in the fuppofition that the fun moves about the earth, 
the aphelion becomes the apogee. 

The times of the aphelia of the primary planets, 
may be known by their apparent diameter appearing 
the fmalleft, and alfo by their moving Howell in a given 
time. Calculations and methods of finding them have 
been given by many afironomers, as RicciolH, A/mag. 
Nov. lib. 7, fedt. z and 3 ; Wolfius, Elem. AJlron. 
§ 659; Dr. Halley, Philof. Trattf. No. 128; Sir I. 
Newton, Princip. lib. 3, prop. 14; Dr. Gregory, AJlron. 
lib. 3, prop. 14; Kcil, AJlron. Left .; De la Lande, 
Mcmoires del'Acad. 1755, 1757, 1766, and in his AJlron. 
liv. 22 ; all’o in the writings or MM. Euler, D’Alem¬ 
bert, Clairaut, See, upon auradtion. 

The aphelia of the planets are not fixed : for their 
mutual ad'cions upon one another keep thofe points, of 
their orbits in a continual motion, which is greater or 
lefs in the different planets. This motion is made in 
eonfequenlia, or according to the order of the ligns; 
and Sir I. Newton fnews that it is in the fefquiplicate 
ratio of the difiance of the planet from the fun, that is, 
as the fquare root of the cube of the dillance. 

The quantities of this motion, as well as the place 
of the aphelion for a given time, are varioufly given 
by different authors. Kepler Halts them, for the year 
1700 as in the following table. 


Planets. 

Aphelion. 

Annual Motion. 

Mercury 

vy fe° 25' 30" 

/ 

* 4 5 

Venus 

~ 3 24 27 

1 18 

Mars 

in. 0 31 29 

2 7 

Jupiter 

e&> S 10 40 

0 47 

Saturn 

•? 28 3 48 

1 10 

The Earth 

$ 8 :j 30 



By De la Hire they are given as follows, for the fame 
year 1700. 


Planets. 

Aphelion 

Annual Motion. 

Mercury 

W Ii° 3' 40" 

a er 

» 39 

Venus 

r 6 j6 10 

1 26 

Mars 

Til 0 3? 25 

2 7 

Jupiter 

r 5 , IO 17 14 

1 34 

Saturn 

t 29 14 41 

t 22 


And De la I.ande llates them as follows, for the year 


Planets. 


itieliou. 


Secular Motion. | 

M ei eury 

8* 

I.V* • 

33 ' 

1 ° 

s;' 

40" 

Venus 

1 O 

8 

2.5 

4 

to 

0 

Mars 

S 

1 

28 

I 

5 1 

40 

Jupiter 

t, 

in 

22 

1 

•13 

20 

Saturn 

8 

■ <> 

S 3 

2 

23 

vo 

The Earth 

9 

8 

38 

1 

49 

10 


Of the new planet, Herfchel, or Georgians Siduc, the 
aphelion for 1790 was 11*23°29' 4.2", andits annual mo- 
tioAyo"!. SeeConnoiffancedesTemps, I786andi787* 

APHRODISIUS, in Chronology, denotes the 
eleventh month in the Bythinian year, commencing on 
the 25th of July in ours. 

Al’IAN or’ArriAN (Peter), called in German 
Bienervitz, a celebrated affroaomer and mathematician, 
was born at Leifnig or Lcipfick in Mifnia, 1495, and 
made profeffor of mathematics at Ingoliladt, in 1524, 
where he died in the year 155a, at 57 years of age. 

Apian wrote treatifes upon many of the mathema¬ 
tical Sciences, and greatly improved them; more 
efpecially aitronomy and ailrology, which in that age 
were much the fame thing; alfo geometry, geography# 
arithmetic, Sec. He particularly enriched attronomy 
with many inftruments, and obfervations of eclipfes, 
comets, See. His principal work was the AJlronomicum 
Cajareum , pulililhcd in folio at IngolHadt* in 1^40, 
and which contains a number of interelling obfervations, 
with the deferiptions and divifions of iiiitruments. In 
this work he prcdi&s eclipfes, and ccmlhufts the figures 
of them in piano. In the 2d part of the work, or 
the McUarafcop'ium Planum , he gives the defeription 
of the moil accurate ailronomical quadrant, and its ufes. 
To it are added obfervations of five different comets, 
viz, in the years 1531, 1532, 1533, 1538, and 1539; 
where he firff Ihews that the tails of comrta are al¬ 
ways projected in a direction from the fun. 

Apian alfo wrote a treatife on Cofmography, or Geo¬ 
graphical InJlruSinn, with various mathematical inftru¬ 
ments. This work Vofiius fays he publiHied in 15 24, 
and that Gemma Frifius republifhed it in 1540. But 
We idler fays he wrote it only in 1530, and that Gemma 
Frifius publiHied it at Antwerp in i;£Oand 1584, 
with obfervations of many eclipfes. The truth may 
be, that perhaps all tliefe editions were publifliech* 

In 1533 lie made, at Norimberg, a curious inftru- 
ment, which from its figure he called Folium Populi ; 
which, by the fun’s rays, fliewed the hour in all parts 
of the earth, and even the untqual hours of the Jews. 

In 1334 he published his Infcriptiones Orbis. 

In 1540, his In/lrumentum Sit;uum,Jtvc Primi Mobility 
with 100 problems. 

Bolide tliefe, Apian was the author of many other 
works: among which may be mentioned the Ephe- 
merides from the year 1534 to 1570: Books upon 
Shadows : Arithmetical Centi/ogues: Books upon Arith¬ 
metic, with the Rule of Cofs (Algebra) demonfirated: 
Upon Gauging: Almanacs, with AHroiogical diredlions: 
A book upon CorjunBinns: Ptolemy, with very cor¬ 
rect figures, drawn in a quadrangular form : Ptolemy’s 
works in Greek: Books of Eclipfes : the works of 
Azopli, a very ancient afirologer; the works of Gebrc: 
the Perfpedlive of Vitello:. of Critical Davs, and of 
the Painbow: a new Ailronomical and Geometrical 
Radius, with various ufes of Shies and Chords: Uni- 
vcrf.ll AHrolabc of Numbers: Maps of the World, and 
of particular countries • cvC, &(*• 

Apian left a ftm, who many years afterwauls taught 
mathematics at Ingolftndt, and at Tubings. Ty«l 
has ptelcrved (Program, p. f> 4.O his letter to he Land¬ 
grave of Hcffc, in wbieli be gives an opinion on the 
new Hat in Calliope in, of the \cai if*. 

1 \ z ‘ 


One 




A P O [ 124 ] A P O 


One of the comets obfervcd by Apian, viz, that of 
1532, had its elements nearly the fame as of one ob¬ 
ferved i2«i years after, viz, in 1661, by Hevelius and 
other Aftronomers; from lienee Dr. Halley judged 
that they were the fame comet, and that therefore it 
might be expedted to appear again in the beginning of 
the year 1789. But it was not found that it returned 
at this period, although the aftronomers then looked 
anxioufly for it; and it is doubtful whether the dif- 
appointment might be owing to its palling unobferved, 
or to any errors in the obfervations of Apian, or to its 
period being Uiilurbed and greatly altered by the adtions 
of the fuperior planets, Sec. 

APIS, tnufca , the Bee, or Fly, in Aftronomy, one of 
the fouthern conftellations, containing 4 liars. 

APOCATASTASIS, in Aftronomy, is the period 
of a planet, or the time employed in returning to the 
fame point of the zodiac from whence it fet out. 

APOGEE, Apogxum, in Aftronomy, that point in 
the orbit of the fun, moon, &c, which is fat theft dif- 
tant from the earth. It is at the extremity of the line 
of the apfides; and the point oppofitc to it is called 
the perigee , where thediftance from the earth is the 
leaft. 

The ancient aftronomeni, cotifidering the earth as the 
centre of the fyflem, chiefly regarded the apogee and 
perigee : but the modems, placing the fun in the cen¬ 
tre, change thefc terms for the aphdinn and perihelion. 
—-The apogee of the fun, is the fame thing as the 
aphelion of the earth ; and the perigee of the lun is the 
fame as the perihelion of the earth. 

The manner of ftnding the apogee of the fun or 
moon, is (hewn by Ricciolus, Almag. Nov. lib. 3, cap. 
24 ; by Wolfius in Elem. Mr. $ 618 ; by Calfmi, De 
la Hire, and many others: fee alfo Memoiret de l*Aca¬ 
demic, the Philof. Tranf. vol. 5, 47, &c. 

The quantity of motion in the apogee may be found 
by comparing two obfervations of it made at a great 
diftance of time; converting the difference into minutes, 
and dividing them by the number of years elapfed be¬ 
tween the two obfervations; the quotient gives the 
annual motion of the apogee. Thus, from an obferva- 
tion madjftby Hipparchus in the year before Chrift 140, 
by which the fun’s apogee was found 5 0 30' of n ; 
and another made by Ricciolus, in the year of Chi ill 
1646, by which it was found 7 0 26' of So ; the annual 
motion of the apogee is found to be 1' 2". And the 
annual motion of the moon’s apogee is about i* io° 
39 ' 5 2 "* 

But the moon’s apogee moves uncquably. When 
fte is in the fyzygy with the fun, it moves forwards; 
but in the quadratures, backwards; and vhefe progref- 
fions and regreflions are not equable, but it goes'for¬ 
ward flower when the moon is in the quadratures, or 
perhaps goes retrograde ; and when the moon is in the 
fyzygy, it goes forward the falteft of all.—See alfo 
Newton’s Theory of the Moon for more upon this 
fubjc’ft. 

APOJLLODORUS, a celebrated architcft, under 
Trajan and Adrian, was born at Damafcus, and 
flmirifhed about the year pf Chrift too. He had the 
dirudion rf the ftone bridge which Trajan ordered to 
he built over the Danube 111 the year 104, which Was 
efteemed the moil magnificent of all the works of that 

3 


emperor. Adrian, one day as Traiati was difcourflne 
with this architcft upon the buildings he had ratfea 
at Rome, would needs give his judgment, in which he 
flic wed that he knew nothing of the matter. Apol- 
lodorus turned upon him bluntly, and faid to hint, Go 
paint Citruls, for you are very ignorant of the fubjeft 
wc sue talking upon. Adrian at this time boafted of 
his painting Citmls well. This was the lirft llep to¬ 
wards the ruin of Apollodorus; a flip which he was 
fo far from attempting to retrieve, that he even added 
a new offence, and that too after Adrian was advanced 
to the empire, upon the following oecafion : Adrian 
fent to him the plan of a temple of Venus; and though 
he alked his opinion, yet to fhew that he had no need 
of him, and that he did not mean to be diieCfcd by it, 
the temple wasaheady built. Apollodorus wrote his 
opinion very freely, and remarked fuch effcntial faults 
in it, as the emperor could neither deny nor remidy. 
He (hewed that it was neither high nor large enough ; 
that the llatues in it were difpropoilioned to its bulk : 
for, faid he, if the goddcfles (hotild have n mind ui rite 
and go out, they could not do it. This put Adrian 
into a great paflion, and prompted him to the doftruc- 
tion of Apollodorus. He bauilhcd him at firft ; then 
under the pretext of certain fuppofed crimes, of which 
he had him accufed, he at lull put him to death. 

APOLLONIUS, of Perga, a city in l’amplnlia, was 
a celebrated geometrician who flourilhed in the reign 
of Ptolemy Euergctcs, about 240 years before Chriil ; 
being about 60 years after Euclid, and 30 years later 
than Archimedes. He lludied a long time in Alex¬ 
andria-under the difeipks of Euclid ; and afterwards 
he compofcd feveral curious and ingenious geometrical 
works, of which only his books of Conic Sections are 
now extant, and even thefe not perfect. For it ap¬ 
pears from the author’s dedicatory cpiil'e to Eudcmus, 
a geometrician in Pergainus, that this work eon filled 
of 8 books ; only 7 of which however have come down 
to us. 

From the Colleftions of Pappus, and the Comment¬ 
aries of Kutocius, it appears that Apollonius was the 
author of various pieces in g<otn«rry, on account of 
which he acquired the title of the Gic.tt Geometrician. 
His Conict was the principal of them. Some have 
thought that Apollonius appropriated the writings and 
difcoveries of Archimedes ; Heraclitus, who wrote the 
life of Archimedes, affirms it ; though F.uiocius en¬ 
deavours to-refute him. Although it llunild he allowed 
a groundlefs fuppnliiion, that Archimedes waulhc ftrll 
wlio wrote upon Conies, notwithstanding hit; tuatile 
on Conics was greatly efteemed ; yet it is highly pro¬ 
bable that Apollonius would avail bimfelf of the writings 
of that author, as well as others who had gone befotc 
him ; and, upon the whole, he is allowed the honour 
of explaining a difficult fubjctl better than had been 
done before ; having made Several improvements both 
in Archimedes’s problem'!, and in Euclid. His work 
upon Conics wasdoubtlcfs the moil perfect of the kind 
among the ancients, and in fome rcfpedls among the 
moderns alfo. Before Apollonius, it had been cuitom- 
nry, as we are informed by Eutoeius, for the writers 
on Conics to require three different forts of cones to 
cut the three different fictions from, vl/, the parabola 
from a right angled cone, the ellipfe from an acute, and 
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the Hyperbola from an dbtufe cone ; becnufe they al¬ 
ways fuppofed the fe£tions made by a plane cutting the 
cones to be. perpendicular to the iide of them 1 but 
Apollonius cut his fcftions all from any one cone, by 
only varying the inclination or pofition of the cutting 
plane; an improvement that has been followed by all 
other authors fince his time. But that Archimedes 
was acquainted with the fame mauner of cutting any 
cone, is Sufficiently proved, againll Eutociiis, Pappus, 
and others, by Guido Ubaldus, in the beginning of 
his Commentary on the 2d book of Archimedes’s Equi¬ 
ponderants, publifhed at Fifa ill 1 j88. 

The full four books of Apollonius’s Conics only 
have come down to us in their original Greek language; 
but the next three, the 51b, 6th, and 7th, in an Arabic 
verfiou; and the 8th not at all. Thefe have been 
commented upon, tranfbitcd, and publiflicJ by vat ions 
authors. Pappus, in his Mathematical Collections, 
lias left fotue account of his various works, with notes 
and lemmas upon them, and particularly on the Conics. 
And iiutocius wrote a regular elaborate commentary on 
the proportions of feveral of the books of the Comes. 

The firfl four books were badly translated by Joan. 
Baptilla Mcmmius. But a better trauflation of thefe 
in Latin was made by Coimnandine, and publifhed at 
Uononia in 1566.—Voflius mentions an edition of the 
Conies in 1650; the 5th, 6th, and 7th books being 
recovered by Golius.——Claude Richard, ProfcfTor of 
mathematics in the imperial college of his order at 
Madrid, in tlic year 1632, explained, in his public lec¬ 
tures, the firft four books of Apollonius, which were 

E rioted at Antwerp in 1655, in folio.-—And the Grand 
hike Ferdinand the 2d, and his brother Prince Leo¬ 
pold de M edicts, cm [Joyed a profeflor of the Oriental 
languages at Rome to tranflatc the 5th, 6th, and 7th 
hooks into Latin. Thefe were publifhed at Florence 
in 1661, by Borclli, with his own notes, who alfo 
maintains that thefe books are the genuine production 
of Apollonius, by many Along authorities, againll 
Mydorgius and others, who fufpe&ed that thefe three 
books were not the real production of Apollonius* 

As to the 8th hook, tome mention is made of it in 
a hook of Golius’s, where he had written that it had 
not been trauflated into Arabic ; becaufe it was want¬ 
ing in the Greek copies, from whence the Aiabians 
trauflated the others. But the learned Merfenne, in 
the preface to Apollonius’s Conics, printed in his Sytt- 
oplis of the Mathematics, quotes the Arabic philofo- 
pher Aben Nedin for a work of his about the year 400 
of Mahomet, in which is part of that 8th book, and 
who afi'erts that all the books of Apollonius aic extant 
in his language, and even more than are enumerated 
by Pappus; and Voflius fays he has read the fame ; 
De Scientiis Mathtmaticis, pa. 55.-—A neat edition of 
the firfl. four books in Latin was publifhed by Di. 
Barrow, in 4to, at London in 1675.—A magnificent 
edition of all the 8 books, wa& publifhed in folio, by 
Dr. Halley, at Oxford in 1710; together with the 
Lemmas of Pappus, and the Commentaries of Euto- 
eius. The firfl four in Greek and Latin, but the latter 
four in Latin only, the 8th book being rcflorcd by 
kimfclf. 

The other writings of Apollonius, mentioned by 
Pappus, are,. 


1. The Se&ion of a Ratio, or Proportional Sac* 
tions, two books. 

. 2. The Section .of a Space, in two books* 

3. Determinate Se&ion, in two books*' 

4. The Tangencies, in two books* 

5* The Inclinations, in two books* 

6. The Plane Loci, in two books. 

The contents of all thefe are mentioned by Pkppus,. 
and many lemmas are delivered relative to them; but 
none, or very little of thefe books themfclvcs • have de- 
feended down to the moderns. From the account 
however that lias been given of their contents, many 
reflorations have been made of thefe works, by the 
modern mathematicians, as follbw : viz, 

Pitta, Apollonius Callus. The Tangencies. Paris, 
1600, in 4to* 

Snellius, Apollonius Batavus. Determinate Seftion* 
Lugd. 1601, 4U1. 

Snellius, Seilio Rationis & Spatii. 1607. 

Ghetaldus, Apollonius Redivivut. The Inclinations* 
Venice, 1607, 4to. 

Ghetaldus, Supplement to the Apollonius Redivivus* 
Tangencies. 1607. 

Ghetaldus, Apollonius Redivivus, lib. 2. 1613. 

Alex. Anderjony Supplcm. ApoL Redivivi. Inclini 
Paris, 1612, 4to. 

Alex . Anderfon , Pro Zetetico Apolloniani proble- 
matis a fe jam pridem edito in Supplemcmo Apollonii 
Rcdivivi. Paris, 161J, 4to. 

Schootcn , Loca Plana reflituta. Lug. Bat. 1656* 

Fermat, Loca Plana, 2 lib. Tolof. 1679, folio. 

Halley, Apol. de Sc&ione Rationis libri duo ex Ara- 
bico MS. Latine verfi duo rcfl'ituti. Oxon. 1706, 8vo* 

S'rnjon, Loca Plana, libri duo. Glafg. 1749, 4 t0 * 

Simfon, SeCtio Determinat. Glafg. 1776, ^to. 

Horjley, Apol. Inclinat. libri duo. Oxon. 1770, 4to* 

Laivfun, The Tangencies, in two books, ^ond* 
1771,4to. ’ 

Latvfon, Determinate Seftion, two books* Lond* 
*'* 7 *, 4 t0 - 

Wales, Determinate Se£tiony two books* ; LondL 
1772,410. 

Burrow, Tlie Inclinations. Lond. 1779, 4to. 

APONO (Peter de), a learned aflronomer and phi- 
lofopher, was born at Apono near Padua, about the 
year 1250. He deferibed the Ajlrolabtum Planum, by 
which were fhewn the equations of the celeftial houfet 
for any hour and minute, and for any part of the world: 
it was publifhed at Venice in 1502. He acquired the 
name of the Conciliator, on account of a book of his, in 
which he reconciles the writings of the ancient philo- 
fophers and phyfleians: the book was publifhed at 
Venice in 1483. He refided at Padua, where, from 
his pra&ifing medicine, and his fkill in aflronomy, he 
fell under the fufpicion of magic. He died in 1316, 
at 66 years of age. 

Al’OPHYGE, in Architecture, is a concave part or 
ring of a column, lying above or below the flat member; 
and it owes its origin to the ring by which the ends of 
wooden columns were hooped, to prevent them from 
fplitting. 

APOTOME, the remainder or difference between, 
two lines or quantities which are only conunenfurabla 
in power. Such is the difference between 1 and ^3, 

ot 
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«r the difference between the fide of the fquare and 
its diagonal. 

The terra is ufedby Euclid ; and a pretty full ex¬ 
planation of fuch quantities is given in the tenth book 
of liis Elements, where he diilinguifhes fix kinds of 
apotomes, and Ihews how to find them all geometrically. 

A potome Prima, is when the greater term is rational, 
and the difference of .the fquare* of the two is a fquare 
number; as the difference 3 — 4/j. 

Apotome Secuuda, is when the lefs number is ra¬ 
tional, and the fquare root of the difference of the 
fquaresof the two terms, has to the greater term, a ratio 
cxpreilible in numbers ; fuch is ✓18—4, becaufe the 
difference of the fquares 18 and 16 is z, and 4/2 is to 
4/18 as 4/1 to v"9 or as 1 to 3. 

Apotomf. Ter tin , is when both the terms are ir¬ 
rational, and, as in the fecond, the fquare root of the 
difference of their fquares, has to the greater term, a 
rational ratio: as 4/24—; for the difference of 
their fquares 24 and 18 is 6, and 4/6 is to y / z \ as 
4/1 to 4/4 or as 1 to 2. 

Apotome. Quart a, is when the greater term is a 
rational number, and the fquare root of the difference 
of the fquares of the two terms, has not a rational ratio 
to it: as 4—4/3* where the difference of the fquares 
16 and 3 is 13, and 4/1 3 has not a ratio in numbers to 4. 

Apotome Quinta, is when the lefs term is a rational 
number, and the fquare root of the difference of the 
fquares of the two, has not a rational ratio to the 
greater: as 4/6—2, where the difference of the fquares 
6 and 4 is 2, and y/2 to y/b or 4/1 to 4/3 or x to 4^3 
is not a rational ratio. 

Apotome Sexta, is where both terms are irrational, 
and the fquare root of the difference of their fquares 
has not a rational ratio to the greater: as ^/6 — y/z ; 
where the difference of the fquares 6 and 2 is 4, and 4/4 
to 4/6 or 2 to 4/6, is not a rational ratio. 

The do&rine of apotomes, in lines, as delivered 
by Euclid in the tenth book, is a very curious 
fubjetl, and has always been much admired and 
cultivated by all mathematicians who have rightly un- 
derftood this part of the elements; and therefore Peter 
Ramus has greatly expofed his judgment by confining 
that book. And the fit ft algebraical writers in Bu- 
rope commonly employed a confidcrable portion of their 
works on an algebraical expofition of (bat book, which 
led them to the do&rine of furd quantities ; as Lucas 
de Burgo, Cardan, Tartalca, Stifelius, Pcletarius, 8cc, 
&c. See alfo Pappus, lib. 4, prop. 3, and the introdtic. 
to lib. 7. And Dr. Wallis’s Algebra, pa. 109. 

Apotome, in Mufic, is the difference between a 
greater and lefs l'cmitonc, being expreffed by the ratio 
of 128 to 12^. 

APPARENT, that which is vifible, or evident to the 
eye, or the uiidertlanding. 

Apparent cnnjunilhm of the planets. Is when a right 
line, fuppofed to be drawn through their centres, paffes 
through the eye of the fpcdlator, and not through the 
centre of the earth.— And, in general, the apparent 
conjunction of any objects, is when they appear or arc 
placed in the fame right line with the eye. 

Apparent Aitituik, JJiamrt.-r, Djlrnur, ffnris.cn. 
Magnitude, Matiui, Plan, Time, &c. See the lefpcttive 
fubitaiitjves, for the quantity and mcaiurcof it. , 


The apparent ftate of! things, is commonly very dif¬ 
ferent from their real ftate, either as to diftance, figure, 
magnitude, pofition, &c, &c. Thus, 

Apparent Diameter, ox Magnitude, as for example 
of the heavenly bodies, is not the real length of the 
diameter, but the angle which they fubtend at the eye, 
or under which they appear. And hence, the angle, or 
apparent extent, dimimfhing with the diftance of the 
objett, a very fmall' objcdl, as AB, may have the fame 
apparent diameter as a very large one FG; and indeed 
the objedl* have all the fame apparent diameter, that are 
contained in the fame angle FEG. And if thefe are 
parallel, the real magnitudes are diredily proportional 
to their diftances. 



But the apparent magnitude varies not only by the 
diftance, but alfo by the pofition of it. So, if the ob- 
jedl CD be changed from the direct pofition to the ob¬ 
lique one Cd, its apparent magnitude would then be 
only the angle CEd,, inflcad of the angle CliD. 



If the eye E be placed between two parallels AB, 
CD, thefe parallels will appear to converge or come 
nearer and nearer to each other the farther they are con¬ 
tinued out, and at lail they will appear to coincide in 
that point where the fight terminates, which will hap¬ 
pen when th^optic angle l’KD becomes equal to about 
one minute of a degree, the finalleft angle under which 
an objeft is viiible.—Aifo the apparent magnitudes of 
the fame object FG or BD, feen at different diftances, 
that is the angles FEG, BB'-D, are in a lefs ratio than 
the reciprocal ratio of the diftances, or the diftance in- 
creafes in a greater ratio than the angle or apparent 
magnitude dhniuifties. But when the objett is very 
remote, or the optic angle is very fmall, as one degree 
or thereabouts, the angle then varies nearly as the dif¬ 
tance reciprocally. 

But although the optic angle be the ufual or feufiblc 
mcafarc of the apparent magnitude of an object, yet 
habit, and the frequent experience of looking at dillant 
objects, by which we know that they are larger than 
they appear, has fu far pi evaded upon the imagination 
and judgment, as to caufv this too to have fome (hare 
in our cltimation of apparent magnitudes; fo that thele 
will be judged to be more than in the ratio of the op'ic 
angles. 

The apparent magnitude of the fame object, at the 
fame diftance, is different to difieient perform, and dif¬ 
ferent animals, and even to the fame peifon, when 
viewed in different lights , all which nray be oeeafiontd. 

by 
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by the different magnitudes of the eye, eauflng the op- 
tic angle to differ as that is greater or Ida s and fince, 
in the fame pcrfon, the more light there comes from an 
object, the lefs is the pupil of the eye, looking at that 
object; therefore the optic angle will alfo be lefs, 
and confcquently the apparent magnitude of the object. 
Every one mud have experienced the truth of this, by- 
looking at another perfon in a room, and afterwards 
abroad in the funfhine, when he always appears fmaller 
than in a room where the light is lefs. So alfo, objeCts 
up in the air, having more light coining from them than 
when they are upon the ground, or near it, may appear 
lefs in the farmer cafe than in the latter; like as the 
ball of the crofs on the top of St. Paul's church, which 
is 6 feet in diameter, appears lefs than an object of the 
fame diameter fecn at the fame dlftance below, near 
the ground. And this ms\y be the chief reafon why the 
fun and moon appear fo much larger when feen in the 
horizon, where their beams are weak, then when they 
are railed higher, and their light is more bright and 
glaring. 

Again, if the eye be placed in a rare m-ditifh, and 
view an ribjcdt through a denfer, as glafs or water, hav¬ 
ing plane furfaces ; the objedt will appear larger than it 
is: anti contrariwife, fmaller. And hence it is that fifties, 
and other objedts, feen in the water, by an eye in the 
air, always appear larger than in the air.—In like man¬ 
ner, an objeCt will appear larger when viewed through 
a globe of glafs or water, or any convex fpherical fcg- 
ments of thefe 5 and, on the contrary, it will appear 
fmaller when viewed through a concave of glafs or 
water. 

Ai’pap.ent Difiance, is that diftance which we judge 
an objeCt to he from us, when fecn afar off. This is 
commonly very different from the true diftance; be- 
can ft* we are apt to think that all very remote objedts, 
whofe parts cannot well be diflinguifhed, and which 
have no other viiiblc objedts neat them, arc at the 
fame dillance from us; though perhaps they may bethou- 
fands or millions of miles off; as in the cafe of the fun 
and moon. The apparent didances of objects arc alfo 
greatly altered by the refradliun of the medium through 
which they are feen. 

An- a rent Figure, is the figure or fliape which an 
objedt appears under when viewed at a diftance ; anil is 
often very different from the true figure. For a ftraight 
line, viewed at a dillance, may appear but as a point; 
a futface, as a line; and a folid, as a furfacc. Alfo 
thefe may appear of different magnitudes, and the fur¬ 
facc and folid of different figures, according to their 
lituaiion with refpedt to the eves thus, the arch of 
a circle may appear a ftraight line ; a fqtiarc, a trape¬ 
zium, or even a triangle; a circle, an ellipfis; angular 
magnitudes, round; and a fphere, a circle. Aim all 
objedts have a tendency to roundnefs and finoothncfs, 
or appear lefs angular, as their diftance is greater: 
for, as the diftance is increafed, the fmaller angles and 
afperities firft difappear, by fubtending a lefs angle than 
one minute; after thefe, the next larger difappear, for 
the fame reafon; and fo on continually, as the diftance 
is more and more incteafcd; the ohjedt feeming {till 
more and more round and fmooth. So, a triangle, or 
fquare, at a great diftance, fhews only as a round fpeck; 
and the edge of the moon appears round to the eye, 
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ROtwithftanding the hills and valleys on her furface. 
And hence it is alfo, that near objects, as a range of 
lamps, or fucli like, feen at a great diftance, appear to 
be contiguous, and to form one uniform continued mag¬ 
nitude, by the intervals between them difappparing, 
from the fmallnefs of the angles fubtended by them. 

Apparent Motion, is cither that motion which we 
perceive in a diftant body that moves, the eye at the 
fame time being either in motion or at reft ; or that 
motion which an object at reft feems to have, while the 
eye itfelf only is in motion. 

The motions of bodies at a great diftance, though 
really moving equally, or palling over equal fpaces in 
equal times, may appear to be very unequal and irregu¬ 
lar to the eye, which can only judge of them by the 
mutation of the angle at the eye. And motions, to be 
equally vifible, or appear equal, muftibe dire&ly pro¬ 
portional to the difiances of the objects moving. Again, 
very fwift motions, as thofc of the luminaries, may 
not appear to be any motions at all, but like that of the 
hour hand of a clock, on account of the great diftance 
of the objedts: and this will always happen, when the 
fpace actually puffed over in one fecond of time, is lefs 
than about the 14000th part of its diftance from the eye; 
for the hour hand of a clock, and the liars about the 
earth, move at the rate of 15 feconds of a degree in one 
fecond of time, which is only the 13751 part of the 
radius or diftance from the eye. On the other hand, 
it is polfiblc for the motion of a body to be fo fwift, as 
not to appear any motion at all; as when through the 
whole fpace it deferibes there conftantly appears a con¬ 
tinued furface or folid as it were generated by the mo¬ 
tion of the objedt, like a3 when any thing is whirled 
very fwiftly round, deferibing a ring, &c. 

Alfo, the more oblique the eye is to the line whjph a 
dillant body moves in, the more will the apparentTlio- 
tioti differ from the true one. So, if a body revolve 
with an equable motion in the circumference of the cir¬ 
cle A BCD &c, and the eve be 
at E in the plane of the circle; 
as the body moves from A to 
B and C, it feems to move flower 
and flower along the lincAI.K, 
till when the body arrives at C, 
it appears at reft at K; then 
while it really moves from C by 
D to F, it appears to move 
quicker and quicker from K by 
JL to- A, wheie its motion is 
quickdl of all ; after this it 
appears to move flower and flow¬ 
er from A to N while the body 
moves from F to H ; there be¬ 
coming Itationary again, it ap¬ 
pears to return from N to A in 
the ftraight line, while it really moves from H by I to 
A in the circle. And thus it appears to move in the 
line KN by a motion continually varying between the 
kail, or nothing, at the extremes K and N, and the 
greateft of all at the middle point A. Or, if the 
motion be referred to the concave fide of the circle, in- 
ftead of the line KN, the appearances will be the fame. 

If an eye move diredtly forwards from E to O, &c ; 
any remote objedt at reft at P, will appear to move the 

contraiy 
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contrary way, or from P to ft . ^ 

with the feme velocity. But it 
the objrft P move the fame-way, 
end with the fame velocity as 
the eye; it will feem to ftand 
Hill. If the objeft have a lefa j;*’ 11 q' 

velocity than the eye, it will ap¬ 
pear to move back towards Q_with the difference of 
the velocities; and if it move fafter than the eye, it 
will appear to move forwards from Q, with the fame 
difference of the velocities. And fo likewifc when the 
objeft P moves contrary to the motion of the eye, it 
appears to move backwards with the fumof the motions 
of the two. And the truth of all this is experienced 
by perfons fitting in a boat moving on a river, or in a 
wheel-carriage when running full, and viewing houfes 
or trees, &c, on the fliore or fide of the road, or other 
boats or wheel-carriages alfo in motion. 

Apparent Place of an objeft, in Optics, Is that 
in which it appears, when feen in or through glafs, wa¬ 
ter, or other rdrafting mediums ; which is commonly 
different from the true place. So, if an ohjeft be feeu 
in or through glafs, or water, either plane or concave, 
it will appear nearer to the eye than its true place ; but 
when feen through a convex glafs, it appears more re¬ 
mote from the eye than the real place of it. 

Apparent Peace <f the Image of an object, in Cat¬ 
optrics, is that where the image of an objeft made by 
the reflexion of a fpcculum appears to be; and the 
optical writers, from Euclid downwards, give it as a 
general rule that this is where the reflected rays meet 
the perpendicular to the fpcculum drawn from the ob¬ 
jeft : fo that if the fpeculum be a plane, the apparent 
place of the image will be at the fame diftancc behind 
the fpcculum as the eye is before it; if convex, it will 
appear behind the glafs nearer to the fame ; but if con¬ 
cave, it will appear before the fpcculum. And yet in 
fome cafes there ard fume exceptions to this rule, as is 
{hewn by Kepler in his Paralipomcna in J"itcllionem, prop, 
18. Sec alfo Wolfius Camptr. % jt, 18S, 233, 254. 

Apparent Place of a Planet, Ac, in Ailronomy, 
is that point in the furface of the fphere of the world, 
where the centre of the luminary appears from the 
furface of the earth. 

APPARITION, in Aftronomv, denotes a liar’s or 
other luminary’s becoming viiible, which before was 
hid. So, the heliacal riling, is rather an appaiitiuu 
than a proper riling. 

Circle of perpetual Apparition. See Circle of 
perpetual apparition. 

APPEARANCE, in Perfpeftive, is the reprefent- 
ntion or projection of a figure, body, or the like oh¬ 
jeft, on the perfpeftive plane.-—The appearance of an 
objeftive right line, is always 3 right line. See Per¬ 
spective.— -Having given the appearance of an opake 
body, and of a luminary, to find the appearance of the 
fhadow ; fee Shadow. 

Appearance of a far or planet. See Apparition. 

Appearances, in Ailronomy, See, are more ufually 
called ph.-CHomrna and pbafts.-~ln Optics, the term di¬ 
rtf} appearance is ufed for the view or light of any ob¬ 
jeft by direft raysj without titlur refraftion or re¬ 
flexion. 

APPIAN. See Apian* 


APPLICATE, ArtucnT *, Or </ iuoteAtntcATr f 
in Geometry, is a right line drawn to a curve, and 
bifefted by its diameter. This is otherwife called an 
Ordinate, which fee. 

Applicate Number . See Concrete. 

Application, the aft of applying one thing to 
another, by approaching or bringing them nearer to¬ 
gether. So a longer fpace as mcafured by the continual 
application of a lefs, as a foot or yard by an inch. See . 
And motion is determined by a fucctifivc application of 
any thing to different parts of fpace. 

Application is fometimes ufed, both in Arith¬ 
metic and Geometry, for the rule or operation of di- 
villon, or what is iimilar to it in geomeiry. Thus 20 
applied to, or divided by 4, gives 5. And a rectangle 

a h 

ah , applied to a line c, gives the 4th proportional —, or 

another line which, with the given line c, will contaiu 
another reftangle which (hall be equal to the given rect¬ 
angle ah. And this is the fenfe in which Loci id ides 
the term, lib . 6 , pr. 28. 

Application, in Geometry, is alfo ufed for the aft 
or fuppofition of putting or placing one figure upon 
another, to find whether they be equal or unequal; which 
feems to be the primary way in which the mind full 
acquires both the idea and proof of equality. And in 
this way Euclid, and other geometricians, demoniliatc 
fome of the firit or leading properties in geotuetiy. 
Thus, if two triangles have two fides in the one tri¬ 
angle equal to two fidt-s in the other, and alfo the angle 
included by the fame ikies equal to each other ; then 
aie the two triangles equal in all refpefts : for by con¬ 
ceiving the one triangle placed on the other, it is proved 
that they coincide or exactly agree in all their paiis. 
And the fame happens if, of two triangles, one fide 
and the two adjacent angles of the one triangle, aie 
equal, refpeftively, to one fide and the two correipoud- 
ing angles of the other. Thus all'o it may be proved 
that the diameter of a circle divides it into tv.o equ.d 
parts, as alfo that the diagonal of a fqware or paralle¬ 
logram bilefts or divides it into two equal parts. 

Application ol one leiuic;- to another, as of 
Algebra to Geometiv, is laid of the life made ot the 
principles and properties of the one fur augmenting and 
perfecting the other. Indeed all aits and feu-nets mu¬ 
tually receive aid from each other. But the application 
here meant, is of a more exprefs and immediate nature ; 
as w ill appear by what follows. 

Application of Jigtha or of Analyjis to Geometry. 
The fi ill and principal applications of algebra, were to 
arithmetical quell ions and computations, as being the 
firit and moll ufeful fcicnce in all the concerns of human 
life- Afterwards algebra was applied to geometry and 
all the other fciences in their turn. The application of 
algebra to geometry, i» of two kinds; that which rc- 
gaids the plane or common geometry, and that which 
refpefts the higher geometry, or the nature of curve 
lines. 

The fit ft of thefe, or the application of algebra to 
common geometry, is concerned in the algebraical fo- 
lution of geometrical problems, and finding out the¬ 
orems in geometrical figures, by means of algcbraii.il 
inveftigatipus or demouftrations. This kind of appli • 

cation 
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ration hat been made from the time of the moft early 
vn iters on algebra, a* Diophantus, Lucas de Burgo, 
Cardan, Tartalea, &c, Sec, down to the prefent timet. 
Some of the beft precepts and exercifea of this kind of 
application, are to be met with in Newton’s Uxiverfal 
Aritbmctie , and in Thomas Simpfnn’s Algebra and Se¬ 
lf 8 Rxercifet. Geometrical Problems are commonly 
rcfolved more dire&ly and eafily by algebra, than by 
the geometrical analyfis, efpecially by young begin¬ 
ners ; but then the fynthefis, or conftrti&ion and de* 
monftration, is moft elegant as deduced from the latter 
method. Now it commonly happens that the alge¬ 
braical fnlution fucceeds beft in fuch problems as refpedt 
the fidcs and other lines in geometrical figures, and on 
the contrary, thofe problems in which angles are con¬ 
cerned, are beft .effe&ed by the geometrical analyfis. 
Newton gives thefe, among many other remarks on this 
branch. Having any problem propofed; compare to¬ 
gether the quantities concerned in it; and, making no 
difference between the known and unknown quantities, 
confidcr lion' they depend upon, or are related to, one 
another; that wc may perceive what quantities, if they 
are affumed, will, by proceeding fyntnetically, give the 
reil, and that in the fimpleft manner. And in this com- 
parifon, the geometrical figure is to be feigned and 
conftruftcd at random, as if all the parts were adually 
known or given, and any other lines drawn that may 
appear to conduce to the eaficr and fimpler folution of 
the problem. Having confidered the method of com¬ 
putation, and drawn out the fclieme, names are then to 
be given to the quantities entering into the computa¬ 
tion, that is. to fome few of them, both known and 
unknown, from which the reft may moft naturally and 
fimply Ik- derived or expreffed, by means of the geome¬ 
trical properties of figures, till an equation be obtained, 
by winch the value of the unknown quantity may be 
derived by the ordinary methods of reduction of equa¬ 
tions, when only one unknown quantity is in the no¬ 
tation ; or till as many equations are obtained as there 
are unknown letters in the notation. 

I-tir example, fuppofe it were 
required to mferibe a fquare in 
a given triangle. Let ABC be 
the given triangle; and feign 
DEFG to be the required 
fquare; alfo draw the perpendi¬ 
cular BP of the triangle, which 
will be given, as well as all the 
fidcs of it. Then, considering 
that the triangles BAC, BEF 
arc fimilar, it will be proper to make (lie notation as fol¬ 
lows, via, making the bafe AC = b, the perpendicular 
BP= p, and the fide of the fquare D£ or EF=*jt. 
Hence then BQj=: BP — ED =p —; confequently, 
bjr the proportionality of the parts of thofe two fimilar 
triangles, viz, BP: AC :: BQj EF, itis^si: :p—xi 
x ; then, multiply extremes and means &c, there avifes 

fx =r bp — lx, or bx + px ~ bp, and x = the 

O + p 

fide of the fquare fought} that is, a fourth propor¬ 
tional to the bafe and perpendicular, and 'the fum of 
the two, taking this fum for the firll term, or AC +• 
BP : BP: ; AC : EF. 

The other branch of the application of algebra to geo- 
Vol. 1 . 



metry, ye as introduced by Dcfcarter, in his Geome¬ 
try, which is the new or higher geometry, and refpefts 
the nature and properties of curve lines.' In this branch, 
the nature of the curve is expreffed or denoted by an 
algebraic equation, which is thus derived: A line tr 
conceived to be drawn, as the diameter or fome other 
principal line about the curve; and upon any indefinite 

E ofnts of this line other lines arc erected pcrpendicti- 
rly, which are called ordinates, whilftthc parts of the 
firft line cut off by them, are called abfeiiles. Then, 
calling any abfeifs x, and its corrcfponding ordinate y, 
by means of the known nature, or relations of the other 
lines in the curve, an equation it derived, involving x 
and y, with other given quantities in it. Hence, as 
x and y are common to every point in the primary 
line, that equation, fo derived, will belong to every po- 
lition or value of the abfeifs and ordinate, and fo is pro¬ 
perly confidered as expreiling the nature of the curve in 
all points of it; and is commonly called the equation 
of the curve. 

In this way it is found that any curve line has a pe¬ 
culiar form of equation belonging to it, and which is 
different from that of every other curve, either as to 
the number of the terms, the powers of the unknown 
letters x and y, or the figns or co¬ 
efficients of the terms of the equa¬ 
tion. Thus, if the curve line HK 
be a circle, of which HI is part of 
the diameter, and IK a perpendi¬ 
cular ordinate: then put HI = x, 
lK==y, andy=the diameter of the 
circle, the equation of the circle will be px — x* =y*- 
But if HK bean cllipfe, an hyperbola, or parabola, the 
equation of the curve will be different, and for all the 
four curves, will be refpeftively as follows, viz, 
for the circle - - px — x z —y*, ^ 

for the cllipfe - px — = y % , 

p 

for the hyperbola - px + y** —y 1 , 

for the parabola - px - - —y x ; 

where / is the tranfverfe axis, and p its parameter. And, 
in like manner for other curves. 

This way of expreffing the nature of curve lines, by 
algebraic equations, has given occafion to the greateft 
improvement and extenfion of* the geometry of curve 
lines; for thus, all the properties of algebraic equations, 
and their roots, are transferred and added to the curve 
lines, whofe abfeiffes and ordinates have fimilar proper¬ 
ties. Indeed the benefit of this fort of application is 
mutual and reciprocal, the known properties of equa¬ 
tions being transferred to the curves they reprefent; and, 
on the contrary, the known properties of curves 
tranfferred to their reprefentative equations. See 
Cukves. 

Arrr.iCATiow of Geometry to Algebra, Befidrs the 
ufe and application of the higher geometry, namely, 
of curve lines, to detefting the nature and roots of 
equations, and to the finding the valuesof thofe roots 
by the geometrical conftruftion of curve lines, even com¬ 
mon geometry may be made fubfervient to the purpofea 
of algebra. Thus, to take a very plain and finiple in¬ 
stance, if it were required to fquare the binomial a +• #; 
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by.forming a fquare, as in the annexed figure, whofc 
fide is equal to a + or the two lines or parts added 
together denoted by the letters a and b } and then draw¬ 
ing two lines parallel to the Tides, from the points where 
the two parts join, it will be im¬ 
mediately evident that the whole 
iquare of the compound quantity 
a + b, is equal to the fquares of both 
the parts, together with two rc£tan¬ 
gles under the two parts, or «*and b % 
and zab, that is the fquare of a + b 
is equal to d 1 + L x + zab. as de¬ 
rived from a geometrical figure or 
conflrudtion. And in this very manner it was, that the 
Arabians, and the early European writers on algebra, 
dciived and demonftrated the common rule for reviv¬ 
ing compound quadratic equations. And thus alfo, in 

a fimilar way, it was, that Tartalca and Cardan derived 
and demonllrattvl all the rules for the refolution of cubic 
equations, uiing cubes and parallclopipedons indead of 
fquares and rectangles. And many other inftanccs might 
be given of the ufe and application of geometry in algebra. 

Application of Algebra and Geometry to Mechanics. 
Tliis is founded on the lame principles as the application 
«f algebra to geometry. It coniiils principally in re- 
prefenting by equations the curves deferibed by bodies 
in motion, by determining the equation between the 
fpaces which the bodies deferibe, when actuated by any 
forces, and the times employed in deferibing them, &c. 
A familiar indance alio of the application of geometry 
to mechanics, may be feat at the article Accelera¬ 
tion, where the perpendiculars of triangles rcpiefent 
the times, the bafes the velocities, and the areas the 
fpaces deferibed by bodies in motion; a method fil'd 
given by Galileo. In fhort, as velocities, times, forces, 
fpaces, &c, may be reprefented by lines and geometri¬ 
cal figures ; and as thelc again may be treated algebrai¬ 
cally ; it is evident how the principles and properties, 
of both algebra and geometry, may be applied to me¬ 
chanics, and indeed to all the other branches of rnixt 
mathematics. 

Application of Mechanics to Geometry. This 
confilts chiefly in the ufe that is fometimes made of the 
centre of gravity of figures, for determining the con¬ 
tents of folids deferibed by thofe figures. 

Application of Geometry and Ajlronomy to Geogra¬ 
phy. This coufids chiefly in three articles, iti, In 
determining the figure of the globe we inhabit, by means 
of geometrical and agronomical operations. 2d, in 
determining the pofitions of places, by obfervations of 
latitudes and longitudes. 3d, In determining,^ geo¬ 
metrical operations, the pofitions of fuch places as 
are not far diflant from one another. 

Geometry and Aflronomy are alfo of great ufe in 
Navigation. 

AppLication of Geometry and Algebra to Phyfics or 
Jiatural Pbilofophy. This application we owe to New¬ 
ton, whofe philofopby may therefore be called the geo¬ 
metrical or mathematical philofophy; and upon this 
application are founded all the phyfico-mathematicul 
feicaces. Here a Angle obfervation or. experiment will 
often produce a whole fcience: fo when we know, as 
we do by experience, that the rays of light, in reflect¬ 


ing, make the angle of incidence equal to the angle of 
reflexion 5 we thence deduce the whole feienee of catop¬ 
trics: for that experiment once admitted, catoptrics 
become a fcience purely geometrical, fince it is reduced 
to the comparifon of angles and lines given in pofition. 
And the fame in many other fciences. 

APPLICATION of one thing to another , in gene¬ 
ral, is employed to denote the ule that is made of the 
former, to underiland or to perfect the latter. Thus, 
the application of the cycloid to pendulums, means the 
ufe made of the cycloidal curve lor improving the doc¬ 
trine and ufe of pendulums. 

APPLY- This term is ufed two different ways, in 
geometry. 

id, it fignifies to transfer or place a given line, either 
in a circle or fome other figure, fo that tht extremities 
of the line lhall be in the perimeter of the figure. 

2d, It is alfo ufed to exprefs divifion.in geometry, 
or to find one dimenlion of a rectangle, when the area 
and the other dimenlion are given. As the area ab ap¬ 
plied to the line t, is —. 

c 

APPROACH, the curve of equable approach. It 
was firlf piopofed by Leibnitz, namely, to find a curve, 
down which a body defeending by the force of gravity, 
(hall make equal approaches to the horizon in equal por¬ 
tions of time. It has been found by Bernoulli and 
others, that the curve is the feeotid cubical parabola, 
placed with its vertex tippermoft, and which the de¬ 
feending body muft enter with a certain determinate 
velocity.—Varignon rendered the queftion general for 
any law of gravity, by which a body may approach 
towards a given point by equal fpaces i:i equal times. 
And Maupertuis alfo refulvcd the probhm in the cafe 
of a body defetnding in a medium which refifts as the 
Iquare,of the velocity. Set HiJI. dt /’ Acad. Jes Sciences 
for 1699 and 1730. 

Method of Appro Arnes, a name given by Dr. Wal¬ 
lis, in his Algebra, to a method of rcfolving certain 
problems relating to fquare numbers, &c. This is dune 
by licit afligning certain limits to the quantities re¬ 
quired, and then approaching nearer and nearer till a 
coincidence is obtained.—In this fenfe, the method of 
Trial-and-crror, or double rule of Falfc Pofition, may 
be eonfidered as a method of approaches. 

APPROACHES, in Fortification , the fcveral works 
made by the befiegers, for advancing or getting nearer 
to a fortrefs or place befuged. Such as the trenches, 
mines, faps, lodgments, batteries, galleries, cpaul- 
ments, &c. 

Azproachvs, or Lines of Approach, are particu¬ 
larly ufed for trenches dug in the ground, and the earth 
thrown up on the fide next the place befieged j under 
the defence or Ihelter of which, the befiegers may ap¬ 
proach without lofs, as near as poffible to the place, to 
raife batteries and plant guns &c, to batter it.—The 
lines of approach are commonly carried on, in a zig-zag 
way, parallel to the oppufite faces of the befieged work, 
or neady fo, that they may not be enfiladed by the guns 
from the enemy's works. And they are alfo connected 
by parallels or lines of communication.—The befieged 
commonly make counter-approaches, to interrupt and 
defeat the approaches of the befiegers. 
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The ancient* made their approaches towards the 
place befieged, much after the lame manner as the mo¬ 
derns. Folard {hews, that they had their trenches, their 
parallels, faps, &c. 5 which, though ufually thought of 
modern invention, it appears, have been praCtifeu long 
before, by the Greeks, Romans, Afiatice, &c. 

APPROXIMATION, a continual approach, ftill 
nearer and nearer, to a root or any quantity fought. — 
Methods of continual approximation for the fquare 
roots and cube roots of numbers, have been employed 
by algebraifts and arithmeticians, from Lucas de Burgo 
down to the prefent time. And the later writers have 
given various approximations, not only for the roots of 
higher powers, or all Ample equations, but for the roots 
of all forts of compound equations whatever: cfpecially 
Newton, Wallis, Raphfon, Halley, Dc Lagriy, &c, See; 
all of them forming a kind of infinite fenes, either ex- 
prefied or undrritood, converging nearer and nearer to 
the quantity fought, according to the nature of the 
prot'efs. 

It is evident that if a number propofed be not a true 
fquare, then no exa£t fquare root of it can be found, 
explicable by rational numbers, whether integers or 
fractions: therefore, in fucli cafes, we mult be content 
with approximations, or coming continually nearer and 
nearer to the truth. In like manner, for the cube and 
other roots, when the propofed quantities are not exaCt 
cubes, or other powers. 

The moil eafy and general method of approximation, 
is perhaps by the rule of Double Pofition, or, what is 
fmnetimes called, the Method of Trial-and-error; which 
method fee under its own name. And among all the 
methods for the roots of pure; powers, of which there 
are many, I believe the bed is that which was difeovered 
by myfelf, and given in the firll volume of my Mathe¬ 
matical Trails, in point of cafe, both of execution and 
for remembering it. The method is this: if N denote 
auy number, out of which is to be extracted the root 
wbofe index is denoted by r, and if n be the neareft 


root firll taken; then (hall ** N -—V . ” xwbc 

r — 1. n + r + 1. « c 

the required root of N very nearly ; or as r — 1 times 
the given number added to r + 1 times the neareft pow¬ 
er, is to r + 1 times the given number added to r — 1 
times the neareft power, fo is the affumed root v, to the 
required root, very nearly. Then this laft value of the 
root, fo found, if one ftill nearer is wanted, is to be ufed 
for » iu the fame theorem, to repeat the operation with 
it. Ami fo on, repeating the operation as often as 
neoeflury. Which theorem includes all the rational 
formula: of Halley and Dc Lagny. 

For example, fuppofe it were required to double the 
cube, or to iind the cube root of the number z. Here 
»— 3 ; confcquently r + 1=4, and r — x =5 2 ; and 
therefore the general theorem becomes 


4N + 2 n 1 
2N + 4« 3 


X a or 


2 K + a 3 
N + 2W 3 


X a for the cube root of N; 


or as N + 2« 3 : 2N + *»::« : the root fought nearly. 
Now, in this cafe. Nr 2, and therefore the neareft 
root a is i, and its cube a 3 = 1 alfo: hence N 4- 2« 3 = 
24-2 = 4, and 2N 4- a 3 = 44-1— y • therefore, 
as 4 : 5 : : 1 : | or 1 j = vz$ the firll approximation. 


• • ? I|f 

Again, taking rsi*-, and confcquently t* = ; 


hence N 4 - 2» 3 


. 4. ISO _ 378 

+ 64 ” 64* 


and 2N 4- «'= 4 + —■ — ; 

64 64 

therefore as 378 : 381, or as 126 : 127 :: —: sk 

; 4 . 5°4 

1*2^9921, which is the cube root of 2, true in all the 

figures. And by taking —^ for a new value of «» and 
b 504 


repeating the procefs again, a great many more figures 
may be found. 

Of the Roots of Equations ly Approximation.— 
Stevinus and Vieta gave methods for finding values, 
always nearej and nearer, of the roots of equations. And 
Oughtred and others purfued and improved tht fame. 
Thefe however were very tedious and imperfect, and 
required a different proccfs for every degree of equa¬ 
tions. But Newton introduced, not only general me¬ 
thods for exprefling radical quantities by approximating 
infinite fenes, but alfo for the roots of all forts of com¬ 
pound equations whatever, which are both eafy and ex¬ 
peditious : which will be more particularly deferibed 
under each refpeftive word or article, llis method for 
approximating of roots, is in fubftance this : Firll take 
a value of the root at near as may be, by trials, either 
greater or lefs; then affuming another letter to denote 
the unknown difference between this and the true value, 
fubllitute into the equation the fum or difference of the 
approximate root and this affirmed letter, inilead of the 
unknown letter or root of the equation, which will pro¬ 
duce a new equation having only the affumed fmall dif¬ 
ference for its root or unknown letter; and, by any 
means, find, from this equation, a near value of this 
fmall affumed quantity. Affume then another letter 
for the fmall difference between this laft value and the 


true one, and fubllitute the fum or difference of them 
into the laft equation, by which will arife a third equa¬ 
tion, involving the fecond affumed quantity; whofe 
near value is found as before. Proceeding thus as far 
as we pleafe, all the near values, connected together by 
their proper figns, will form a feries approaching ftill 
nearer and nearer to the true value of the root of the 
firft or propofed equation. The approximate values of 
the fevcral final! affumed differences, may be found in 
different ways: Newton’s method is this : As the quan¬ 
tity fought is fmall, its higher powers dccreafe more 
and more, and therefore neglecting them will not lead 
to any great eiror, Newton therefore neglects all the 
terms having in them the 2d and higher powers, leaving 
only the ill power and the abfolute known term ; from 
which Ample equation he always finds the value of the 
aflumed unknown letter nearly, in a very Ample and 
eafy manner. Halley’s method of doing the fame 
thing, was to negledl all the terms above the fquare or 
2d power, and then to find the root of the remaining 
quadratic equation; which would indeed be a nearer 
value of the affumed letter than Newton’s was, but then 
it is much more troublcfome to perform.—Raphfon has 
another way, which is a little varied from that of Ncw- 
S 2 ton’s 
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ton’* again, which is this : having found a near value of 
the firft aflumed final! quantity or difference, by this he 
corrects the firft approximation to the root of the pro- 
pofed equation ; and then, afluming another letter for 
the next, or finaller difference, he introduces it into the 
original equation in the fame way as before. And thus 
he proceeds, from one corre&ion to another, employing 
always the firft propofed equation to find them, inftcad 
of the fuoceffivc new equations ufed by Newton. 

For example, let it be required to find the root of 
the eq nation x" —5j- = 31, or x* —jx —31=0 :—Here 
the root x, it is evident, is nearly = 8; for x therefore 
take 8 + z, and fubftitute 8 H- * for x in the given 
equation, and the terms will be thus ) 
x* = 64+i6*+»* 

— 5*=: — 40—5* 

“ 3 i = - 3 1 _ 

the fum is — 7 + 1 iz+z* = o. 

Then, rtjcfiing a 4 , it is 11 a — 7 = o, arid a sc T V = 
•6363, &c, or = *6 nearly. 

Affumc now a = • 6 -fy: then 
a* = *36 + viy + y® 

U as = 6‘6 + 1 ly 


“7 ~—7 _ 

the fum —*04+ I2\ty+y s =0, 

where y = = *003278 nearly. 


Affumc it ji = *003278—0 : then 
y* =s *000010745284—*0065560 + 0* 
I2*2jr =*0399916 — 12,2 * - V 

-•04 =-04 


the fum *000002345284— 12206556V+ *»=O, 
*000002345284 

wherc v = " ' 206556 —' 0000001 9 21 33 * 
Hence, then, collecting all the aflumed differences, with 
their figns, it is found that x = 8 + a + y—v = 8 + '6 
+ •003278—*00000019*133 = 8*6003277807867 the 
root of the equation required, by Newton’s method. 

The Jmmt by Raphfou’s way. 

Firft x 222 8 + a ; 
then 2*= 64+ i6*+z s 


— 5* = —40— 5a 

“ 3 * = zll _ 

the fum—7 + 1 ia+a* = 0 ; 
hence a = TT = *6 nearly, 
and a 1 = 8 + a = 8*6 nearly. 

Affume it x = 8*6 + y ; 

then ** = 73*96 + 17*ay + _y* 

— 5* = — 43 - S 3 

“ 3 * —~ 3 lL _ 

the fum—*04 + 1 a*2 y + y* zz o j 

»Q Jf 

hence y = —~ ss *003278 nearly, 

and x = 8*6+y = 8 603278 nearly. 

Affumc it x sst '8*603278— v} 

then x * — 74*016392345284—17*206556* + w* 
—5* —43*016390 +5* 

“ 3 * =- 3 »* 

the ft)ra 'ooooo2345*b4i2*206556*+* l =.oj 

hence *=*000000x92133, 
and cobfeq. *=8*603277.807867, as before. 


Example 2. Again', taking the cubic equation 
yt _ 3 y _ £ = o j Newton proceeds thus : 
y it nearly = 2 ,* take it therefore y = a + p i 
then y* 8 -f ia/+6/* +/* 

—2ysfc-4-2/ 

-S = ,“5 ___ 

the fum + i + 10/ + 6 p* -\-p* = o; 
hence p as j v = *i nearly. 

Affume itp = *1 + y; 

then />’ = o*ooi +o*03^+o*3j 1 +5* 

+ 6/* = 0*06 +1*2 +6 

+ 10/= 1 +10 

the fum 0*061 +11 '237+ 6*37* + y* = o ; 
hence 7 =2 —0*0054 nearly. 

Affume it 7 = — 0*0054+9* ; 
then q i = —0*000000157464 + 0*000087489*, &C# 
+6*37* =+0 000183708 — 0*068049-, See. 

+ 11*237 = —0*060642 + il*23r 

+0*061 =+o*c6i _ 

the fum+0*000541550536+ u*i6ao4748rf 
hence r = — 0*000048517, &c. 

Hence, y— 2+p + q + r 

— 2+0*1—00054—0*000048517 

= 2*094551483, 

the root of the equation y* — 2^=5, And in the 
feme manner Newton performs the approximation for 
the roots of literal equations, that is, equations having 
literal coefficients ; fo the root of this equation 
y i + axy + a*y— a 3 — 2a* = o, is 


*- + 
4 


J_ + 13 

64a 512 a * 


509a* 


& c. 


163849! 

See alfo a memoir on this method by the Marquis 
de Courtivron, in the Memoircs deVAcademic for 1744. 

Other Methods of Approximation. Befides the 
foregoing general methods, other particular ways of 
approximating, for various purpofes, have been given by 
many other perfons.—As for example, methods of ap¬ 
proximating, by feries, to the roots of cubic equations 
belonging to the irreducible cafe, by Nicole in the 
feme Memoirs , by M. Clairaut in his Algebra, and by 
myfelf in the Philof. Tranf. for 1780. See alfo feveral 
parts of Simpfon’s worK 9 , and my Trails vol. 1. 
Alfo the methods of infinite feries by Wallis, New ton, 
Gregory, Mercator, &c, may be confidcred as approx¬ 
imations, in quadratures, and other branches of the 
mathematics, many inftances of which may be feen in 
Wallis’s Algebra, and other books:-—Likcwife the me¬ 
thod of exbauftions of the ancients, by which Archi¬ 
medes and others have approximated to the quadrature 
and rectification of the circle, &c, which was performed 
by continually bifefting the fides of polygons, both 
iuferibed in a circle and circumfcribed about it ; 
by which means the fum of the Tides of the like 
polygons approach continually nearer and nearer 
together, and the circumference of the circle is nearly 
a mean between the two fums. Bee jdfo Equations. 

APPULSE, in Aftronomy,4neans the a&ual contact 
of two luminaries, according to fome authors; but 
others deferibe it as their near approach to each othqr, 
fo as to be feen, for inftance, within the feme tclefcope. 

The appulfes of the planet* to the fixed ftari liave 

always 
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always been very ufcful to aftronomars, as ferving to 
fix and determine the places of the former. The an¬ 
cients, wanting an eafy method of comparing the pla¬ 
nets with the ecliptic, which is not vifible, had fcarce 
any other way of fixing their fituatioas, but by obferving 
their track among the fixed ftars, and marking their 
appulfes to fome of thofc vifible points. See Hid. Acad. 
Scienc. for 1710, pa. 417. And Philof. Tranf. No. 
369, where Dr. Halley has given a method of deter¬ 
mining the places of the planets, by obferving their 
near appulfes to the fixed ftars. See alfo Philof. Tranf. 
No. 76, pa. 361, and Mem. Acad. Scienc. for 1708, 
where Flamlteed and De la Hire have given observa¬ 
tions of the moon's appulfes to the Pleiades. See alfo 
Flamftced’s Hiftoria Ca-lcftis, where a multitude of 
obfervations of appulfes, or fmall diftances, of the moon 
and planets, from the fixed liars, are recorded. And 
Dr. Halley has publiflied a map or planifphcre of the 
Harry zodiac, in which are accurately laid down all 
the liars to which the moon’s appulfe has ever been ob- 
ferved in any part of the world. See Philof, Tranf. 
No. 369 ; or Abridg. vol. vi. pa. 170. 

APR II., the 4th month of the year according to 
the common computation, and the ad from the vernal 
equinox.— The word is derived from Aprilis , of afterio, 
I open ; becaufe the earth, in this month, begins to 
open her bofom for the production of vegetables.*—In 
this month the fun travels through part of the fig ns 
Aries and Taurus. 

APRON, in Gunnery, a piece of thin or fliect 
lead, ufed to cover the vent or touch-hole of a cannon. 

APSES, in Allronomy, are the two points in the 
orbits of planets, where they arc at their greateft and 
lead dillancc, from the fun or the earth. The point 
at the greateft diftance being called the higher apjis , 
and that at the neareft dillancc the lower apjit. And 
the two apfesare alfo called avges. Alfo the higher apiis 
Is more particularly called the aphelion , orth e apogee; and 
the lower apfis, the perihelion , or the perigee. The 
diameter which joins thefe two points, is called the 
line of the apfet or of the apftdts ; and it pafles through 
the centre of the orbit of the planet, and the centre 
of the fun or the earth ; and in the modern allronomy 
this line makes the longer or tranfverfe axis of the 
elliptical orbit of the planet. I11 this line is counted 
the excentricity of the orbit; being the diftance be¬ 
tween the centre of the orbit and the focus, where is 
placed the fun or the earth. 

The foregoing definitions fuppofe the lines of. the 
greateft and lead diftances to lie in the fame ftraight 
Ene ; which is not always precifely the cafe ; as they 
are fometimes out of a right line, making an angle 
greater or lefs than 180 degrees, and the difference 
from 180 degrees is called the motion of the line of the 
apfes: when the angle is lefs than 180 degrees, the 
motion of the apfes is faid to be contrary to the order 
of the figns ; on the other hand, when the angle ex¬ 
ceeds 180 degrees, the motion is according to the 
order of the figns. 

Different means have been employed to determine 
the motion of the apfes. Dr. Kcil explains, in his 
Allronomy, the method ufed by the ancients, who fup- 
pofed the orbits of the planets to. be pcrfeftly circular, 
and the fun out of the centre. But fince it has been 


difeovered that they deferibe elliptical orbits, variont 
other methods have been devifed for determining it. 
Halley has given one, which fuppofes to be known only 
the time of the planetVrevolution, or periodic time. 
Seth Ward has alfo given a determination from three 
different obfervations of a planet, in any three places of 
its orbit: but his method being founded on an hypo- 
thefts not ftri&ly true, Euler has given one much more 
exa& in vol. 7. of the Peterfburgh Commentaries. See 
vai ious ways explained in the Allronomy of Kcil and 
Mourner. 

Newton has alfo given, in the Principia, ah excellent 
method of determining the fame motion, on the fup- 
pofition that the orbits of the planets differ but little 
from circles, which is the cafe nearly. That great 
philofopher ihews, that if the fun be immovoablc, and 
all the planets gravitate towards him in the inverfc ratio 
of the fquares of their diftances, then the apfes will be 
fixed, or their motion nothing ; that is, the lines of- 
greateft and leaft diftance win form one right line, 
and the apfes will be diredlly oppolite, or at 180 de¬ 
grees diftance from each other. But, becaufe of the 
mutual tendency of the planets towards each other, 
their gravitation towards the fun is not precifely in that 
ratio ; and hence it happens, that the apfes are not' 
always exactly in a right line with the fun. And New¬ 
ton has given a very elegant method of determining, 
the motion of the apfes, on the fuppofition that we 
know the force which is thereby added to the gravita¬ 
tion of the planet towards the fun, and that- this ad¬ 
ditional force is always in that direction. 

APUS or Apous, Avis hndica , in Allronomy, a 
conilellation of the fouthern hemifphere, fituated near 
the fouth pole, between the triangulum anflrale and the 
chameleon, and fuppofed to reprefent the bird of para- 
dife. Alfo fuppofed to be one of the birds named- 
Apoeiet , as having no feet. ! 

The number of ftars contained in this conllcllation, 
are II in the Britilh Catalogue, in Bayer’s Maps 12, 
and a Hill greater number in La Caille’s Catalogue ; 
the principal liar being but of the 4th or ?th order of 
magnitude. See Ctelum Auflralc Stelliferum , and the 
Memoires de l'Acad. For 1752, pa. 569. 

AQUARIUS, in Allronomy, one of the eeleftial 
conftellations, being the eleventh fign in the zodiac, 
reckoning from Aries, and is marked by the character 
SZ, reprefenting part of a ftrenm of water, iffuing 
from the veffel of Aquarius, or the watcr-pourcr. This 
fign alfo gives name to the eleventh part of the ecliptic, 
through which the fun moves in part of the months of 
January and February. 

The poets feign that Aquarius was Ganymede, 
whom Jupiter ravilhed under the (hape of an eagle, and 
carried aw'ay into Heaven to ferve as a cup-bearer, 
in (lead of Hebe and Vulcan; whence the name. 
Others hold, that the fign was thus called, becaufe 
that when it. appears in the horizon, the weather-com¬ 
monly proves rainy. 

The ftars in the conftcllation Aquarius, are, in Pto¬ 
lemy’s Catalogue, 45 ; in Tycho’s 41; in Hevclius’s 
47 5 and in Flamftecd’s 10S. See the article Con¬ 
stellation ; alfo Catalogue. 

AQUEDUCT, or Aquaiduct, as much as to fay 
dudus uqute, a conduit of water, is a conllruftion of 

ftona 
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Hone or timber buik on uneven ground, to preferve tbe 
level of water, and convey it, by a canal, from one 
place to another.—Some aqueducts are under ground, 
being conduced through bills, &c; and others arc 
raiftd above ground, and fupported on arches, to con¬ 
duct the water over vallies, See. 

The Romans were very magnificent in their aque- 
dufts; having feme that extended a hundred miles, 
or moie. Frontinus, a man of confular dignity, v.ho 
had the direct ion of the aqueducts under the emperor 
Nerva, fpeaks of nine that emptied themfelves through 
13594 pipes, of an inch diameter. And it isobferved 
by Vigentre, that in the fpace of 24 hours, Rome 
received from thefe aquedudts not lefs titan 500000 
hoglheads of water. The chief aqueducts now in 
being, aie thefe: ill, that of the Aqua Viiginia, re¬ 
paired by pope Paul IV; 2d, the Aqua Felice, con- 
tlrufted by pope Sixtus V, and is called from the name 
he. aflumed before he was exalted to the papal throne; 
3d, the Aqua Paulina, repaired by pope Paul V, in the 
year 1611; and 4tbly, the aqtteduft built by .Lewis 
XIV, near Maintenon, to convey the liver Btirc to 
Vcrfailles, which is perhaps the largeil in the world ; 
Lcing ycoo fathoms long, elevated 2560 fathoms in 
height, and containing 242 arcades. Sec Bhilof. Tranf. 
for 1685, No. 171 ; or Abridg. vol. I. pa. 594. 

AQUEOUS Humour, or the wairy humour of the 
eye, is the full or outermoil, and the rareft of the 
three humours of the eye. It is tranfparent and co- 
lourlcfs, like water ; and it fills up the fpace that lies 
between the cornea tunica, and the cryHalline humour. 

AQUILA, the Eagle, or the Vulture as it is fome- 
times called, is a conllellation of the northern hc- 
xnifphere, ufually joined with Antinous. It is one 
of the 48 old conilellationtt, according to the diviflpn 
of which Hipparchus made his Catalogue of the 
Fixed, Stars, and which are deferibed by Ptolemy. 
The Humber of liars in Aquila, and fchofe near it, now 
in the later-formed conllellation Antinous, amount 
to 15 in Ptolemy’s Catalogue, to 19 in Tycho’s, to 42 
in that of Hevelius, and to 71 in Flamftecd’s. But 
in Aquila alone, Tycho counts only iz liars, and 
Heveltus 23 ; the principal liar being Lucida Aquila, 
and is between tbe ill and 2d magnitude. Tha Greeks, 
as ufual, relate various fables 01 this conllellation, to 
make the feicnee appear as of their own invention. 

ARA, the Altar, one of the 48 old conflcllations, 
mentioned by the ancient allronomera, and is fituated 
in the fouthtrn liemifphere ; containing only 7 liars in 
Ptolemy's Catalogue, and y in that of Flantileed ; none 
of which exceed the 4th magnitude. 

A RAT US, celebrated for his Greek poem in tit led 
4 >ai»op.oa, the Phenomena, flout iflied about tbe 127th 
Olympiad, or near 300 years before Chrift, while 
Ptolomy Pbiladclphus reigned in Egypt. Being edu¬ 
cated tmdet Dionyfius Heracleotci;, a S(oic philolophcr, 
he efpoufed the principles of that left, and became 

f hylician to Antigonus Gonatus, the fon of Demetrius 
'oliorcctes, King of Macedon. The Phenomena of 
Aratus gives him a title to the chara£ler of an adrono- 
mer, as well as a poet. In this woik he deferibes the 
nature and motion of the liars, and Ihcws their various 
difpofitiona and relations; he deferibes the figures of 


the conllellation?, their Situations iu the fphere, the 
origin of the names which they bear in Giecce and in 
Egypt, the fables which have given rife to them, the 
riling and fetting of the liars, and he indicates the 
manner of knowing the conftcllations by their refped- 
ive fituations. 

The poem of Aratus was commented upon and tranf- 
Iatcd by many' authors: of whom among the ancients 
were Cicero, Geimanicus Ctef.tr, and Fed us Aviemis, 
who made Eat in tranflations of it; a past of the former 
of which is dill extant. Aratus mull have been much 
« deemed by the ancients, fincc we find I’o great a num¬ 
ber of fcholiads and commentators upon him ; among 
whom arc Ariltarchus of Samos, the Arydylli the 
geometricians, Apollonius, the Evitneti, Crates, Nu- 
mcnius the grammarian, Pyrrhus of Magtiefia, Thales, 
Zeno, and many others, as may be fecit in \ olTuis, 
156. Suidas afetibes feveral other works to Aratus. 
irgil, in his Georgies, has tranfluted or imitated 
many paflages from this autlior: Ovid fpeaks of him 
with admiration, as well as many others of the poets; 
And St. Paul has quoted a paflage front him ; which is 
in his fpeech to the Athenians (Acts xvii. 28.) where 
he tells them that fome of their own poets have laid. 
Ear ive are al/o h'u offspring , thefe words being the be¬ 
ginning of the 5th line of the Phenomena of Aratus. 

H is modern editors are as follow : Henry Stephens 
publilhed his poem at Paris in 1566, in his collection 
of the poets, in folio. Grotius publilhtd an edition of 
the Phenomena at Leyden in quuito, i6co, in Greek 
and Latin, with the ftagntents of Cicero’s serfion, and 
the tranflutions of Geimanicus ami Aviriur.. ; all which 
the editor has illudrated with curious notes. Alfo a 
neat and correct edition of Aratus was publilhed at 
Oxford, 1672, in 8vo. with the Scholia. 

ARAEOMETER, fee Areometer. 

ARC, or Arch ; which fee. 

ARCADE, in Architellure, denotes an opening 
in the wall of a building formed by an arch. 

ARC-BOUTANT, is a kind of arched buttrefg, 
formed of a flat arch, or part of an arch, abutting 
againll the feet or fldes of another arch or vault, tolup- 
port them and prevent them from burlltng or giving way. 

ARC AS, a name by which fome ol tbe old write! s 
call the liar Ardlurus ; a Angle and very bright liar of 
the fit'll magnitude, between the legs of the coultella- 
tion Bootes, They fay Arens, the fon of Calillo by 
Jupiter, when he was about to have killed his mother 
itt the fhape of a bear, was, together with her, i'nutched 
up into Heaven ; where Ihe was converted into the cou- 
llcllatioii of the Great Bear, near the north pole, and 
the youth into this Angle liar. 

ARCH, Arc, Arcus, in Geometry, a part of any 
curve line ; as, of a circle, or ellipAs, or the like. 

It is by means of circular arcs, or arches, that all 
angles are meafured ; the arc being defoibed ftom the 
angular point as a centre. For this purpofc, evciy 
circle is fuppofed to be divided into 3Co degrees, or 
equal parts; and an arch, or the angle it fubteuds and 
rneafures, is ellimated according to ll;e number of thofe 
degrees it contains; thus, an arc, or angle, is. laid to 
be of 30 or 80, or 100 degrees.—Circular arcs are alfo 
of great ufe in Hading of fluents. 


Concentric 
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Concentric Arcs, are fuch at litre the fame 
centre. 

Equal Arcs, are fuch arcs, of the fame circle, or of 
equal circles, a* contain the feme number of degrees. 
Thcfc have alfo equal chords, fines, tangents, & c. 

Similar Arcs, of unequal circles, &c, are fuch as 
contain the fame number of de¬ 
grees, or that are the like part 
or parts of their refpedlivc whole 
circles. Hence, in concentric 
circles, any two radii cut off, or 
intciccpt, limilar arcs MN and 
Ol* _Similar ares are propor¬ 

tional to the radii LM, LO, or to 
the whole circumferences.—Simi¬ 
lar arcs of other like curves, are 
alfo like pints of the wholes, or 
tlvfcimined Hv like parts alike polited. 

Oft!'- Length >f Circular Arcs. The lengths of cir¬ 
cular arcs, as found and exprefi'ed in various ways, may 
be feen in my large Treatife <m Menfuration, pa. 118, 
Sc feq. 2d edition : lorne of which are as follow. 
The radius of a circle being i ; and of any arc a, if the 
tangent he /, the fine /, the cofine e, and the verfed 
fine ii: then the arc. a will be truly exprefled by feveral 
feries, as follow .i/,, the arc 
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a = t/zv x (I + —-. - -i- — -; + —-r -1 &c. 
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3 . 14I CQ &C, , . , , 

a —--— - tl = *01745329 See X «; where 

I 30 


d denotes the number of degrees in the given arc. 

_ c 

Alfo a = —- neatly : where C is the chord of the 

3 

arc, and c the chord of half the arc ; whatever the 


radius is. 

To invfi"atr the length of the arc of any curve. Put 
x — the ablcifs, y zr the ordinate, of the arc 55, of any 
curve whatever. Put * =s \/x* +y l ; then, by means 
of the equation of the curve, find the value of x in terms 
ofji, or ofji in terms of .v, and iiibftitute that value in - 

(lead of it in the above expreflion z — fx 3, + y*i 
hence, taking the fluents, they will give the length of 
the arc z, in terms of x or y. 

Arch, in Aflronomy. Of this, there are various 
kinds. Thus, the latitude, elevation of the pole, and 
the declination, are meafured by an arch of the meri¬ 
dian ; and the longitude, by an arch of a parallel 
circle. Sic. 

Diurnal Arch of the fun, is part of a circle parallel 
to the equator, deferibed by the fun in his courfe from 
his rifing to the fetting. And his NoHvnutl Arch 
is of the feme kind; excepting that it is deferibed from 
fetting to rifing. 

Arch of Progreffton , or DireSion ,is an arch of the 
ecliptic, which a planet feems to pafs over, when its 
motion is direct, or according to the order of the figns. 

, Arch of Retrogradation, is an arch of the ecliptic* 

5 


deferibed while a planet is retrograde, tr moves con¬ 
trary to the order of the fignj. 

Arch between the Centres, in cclipfes, is an arch 
palling from the centre of the earth’s fhadow, perpendi¬ 
cular to the moon's orbit, meeting her centre at the 

middle of an eclipfc.-If the aggregate of this arch 

and the apparent femi-diameter of the moon, be equal 
to the femi-diameter of the fhadow, the cclipfe will be 
total for an inllant, or without any duration | and if 
that fum be lefs than the radius of the fhadow, the 
cclipfe will he total, with fomc duration ; but if greater, 
the cclipfe will be only partial. 

Arch of Vif on, is that which meafures the fun’s 
depth below the horizon, when a ftar, before hid by his 
rays, begins to appear again.— The quantity of this 
aich is not always the fame, but varies with the latitude, 
declination, right afcenlinn, or defeenfion, and dif- 
tance, of any planet or ftar. Ricciol. Almag. v. 1, 
pa. 42. However, the following numbers will ferve 
neatly for the liars and planets. 

TABLE exhibiting the Jrch of Vi/ton of the Planets 
and Fixed Stars. 

PLANETS. FIXED STARS. 

Magnit. Jc. 

Mercury *,IO° o' 1 - - - - 12 * 

Venus - -- 502--- - 13 

Mars - - 11303--- - 14 

Jupiter - -1004--- - 1; 

Saturn - - 11 o 5 - - - 16 

6 - 17 

Arch, in Architecture, is a concave ftrn&ure, raifed 
or turned upon a mould, called the centering, in form 
of the arch of a curve, and lerving as the inward fup- 
port of fomc fuperftrudture. Sir Henry Wot t eft) fays. 
An arch is nothing but a narrow or coutra&cd vault g. 
and a vault is a dilated arch. 

Arches arc ufed in large intercohimnations of fpacious 
buildings; in porticoes, both within and without temples; 
in public halls, -s ceilings, the courts of palaces, cloifters, 
theatres, and amphitheatres. They are alfo ufeJ to 
cover the cellars in* the foundations of houfes, and 
powder magazines ; alfo as buttrefles and counter-forts, 
t-., fupport large walls laid deep in the earth ; lor tri¬ 
umphal arches, gates, window's, &c; and, above all, for 
the foundations of bridges and aqucdu£t«. And they 
are fupported by piers, hutments, impofts, &c. 

Alches aTC of feveral kinds, and are commonly de¬ 
nominated from the figure or curve of them ; as cir¬ 
cular, elliptical, cycloidal, catenarian, &c, according as 
their curve is in the iorm of a circle, cllipfe, cycloid, 
catenary. Sec. 

There are alfo other denominations of circular arches, 
according to the different parts of a circle,or manner of 
placing them. Thus, 

Semicircular Arches, which are tliofc that make an 
exa& femicircle, having their centre in the middle of 
the fjKin or chord of the arch ; called alfo by the trench 
builders, perfed arches, and arches en plein centre. 
The arches of Wcftminfter Bridge are femicircular. 

Scheme Arches, or Jhene, arc thofe which are left, 
than fcmicirclcs, and arc consequently flatter arches ; 

containing 
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captaining 1 20, or 90, or 60, degrees, &c. They are 
ulfo tailed impcrjltl and dimini/bed arches. 

A R v h 1; i> of I he third anafourth point, or Gothic arches j 
or, as the Italians call them, di terxo and quarto acuto, 
beeaufe they always meet in an acute angle at top. Thefe 
con fill of two exeentric circular arches, meeting in an 
angle above, and are drawn from the divifion of the 
chord into three or four or more parts at plcafnre. Of 
this kind are many of the arches in churches and other 
old Gothic buildings. 

Elliptical Arc> us, ufually coafift of femi-ellipfe*; 
and were formerly much ufed inftead of mantle-trees in 
chimniesy and are now much ufed, from their bold and 
beautiful appearance, for many purpolcs,.and particularly 
for the arches of a bridge, like that at Black-Friars, 
both for their ftrength, beauty, convenience, and cheap- 
oefs. 

Straight Arches, are thofe which have their upper 
and under edges parallel ftraight lines, inftead of curves. 
Thefe are chiefly ufed over doors and windows; and 
have their ends and joints aU pointing towards one 
oommon centre. 

Arch is particularly ufed for the fpace between the 
two piers of a bridge, intended for the paflhge of the 
water, boats, &c. 

Arch of cquiUbration, is that which is In equilibrium 
in all its parts, having no tendency to break in one part 
more than in another, and which is therefore fafer and 
ftronger than any other figure. Every particular figure 
of the extradoa, or upper fide of the wail above an arch, 
requires a peculiar curve for the under fide of the arch 
itfclf, to form an arch of equilibration, fo that the in¬ 
cumbent preflure on every part may be proportional to 
the ftrength or refiftaace there. When the arch is 
equally thick throughout, a cafe that can hardly ever 
happen, then the catenarian curve is the arch of equili- 
'brationi; but in no other cafe: and therefore it is a great 
miftake in fame authors to fuppofe that this curve is the 
belt figure for arches in all cafes f when in reality it is 
commonly the word. This fubjeft is fully treated in 
my Principles of Bridges, pr. 5, where the proper intra- 
dos is inveftigated for every extradot, fo as to form an 
arch of equilibration in all cafes whatever. It there 
appears that, when the upper fide of the wall is a ftraight 
horizontal line, as ia the annexed figure, the equation 



of the curve is thus exprefled. 


/ant x 


log. of 


a+x+ t/zax -f- xx 


log. of 


a 4 * r+V^2ar + 


where x ss DP, y ss PC, ~ AC^and a ss 

DK. And hence, when a, h, r, arc any given num¬ 
bers, a table is formed for the correl'ponding values of 
x and y, by which the curve is conftrtided for any parti¬ 
cular occalion. Thus fuppofing a or 1JK=6, h or AQ~ 
50, and r or DQ_~ 40; then the correfponding values 
of KI and IC, or horixoutal and vertical lines, will be 
as iu this table. 

Table for cottflruBing the Curve of Equilibration. 


Value of 

Value of 

Value of 

Value of■ 

Value ot 

1 Vafuc of 

KI. 

IC. 

KI. 

1 C. 

Kl . 

IC. 

O 

< 3*000 

31 

10.381 

36 

21774 

Z 

6-035 

22 

10*858 

37 

22*948 

4 

6-14+ 

23 

11 *368 

38 

24*190 

6 

6 * 3*4 

*4 

11*91 r 

39 

*5-505 

8 

6*580 

= 5 

12-489 

40 

26*894 

10 

6-914 

26 

13-106 

4 * 

-’■•364 

la 

7 * 33 ° 

27 

13*761 

; 42 

- •: , 9*9 

>3 

7*5 7 1 

28 

* 4*457 

i « 

S'563 

*4 

7*834 

*9 

15*196 

44 

33**99 


8*i:o 

3 ° 

15-980 

45 

3i*’-3S 

16 

8-430 

3 * 

i6-8i 1 

46 

37-075 

*7 

8*766 

3 * 

* 7*693 

47 

39*126 

18 

9**68 

33 

18-627 

4 « 

4 * ‘- 9.3 

*9 

9 * 5*7 j 

34 

19-617 

49 

13-581 

20 

9*934 1 

35 

20-665 

50 . 

1 VO.-'O 


The do&rine and ufe of arches are neatly c.livcred 
by Sir Henry Wotton, though he is not always mathe¬ 
matically accurate in the principles. He fays ; Firft, 
AH matter, unlefs impeded, tends to the centre of the 
earth in a perpendicular line. Secondly ; All folid mate¬ 
rials, as bncks, ftoncs. Sic, in their ordinary re&angular 
farm, if laid in numbers, one by the fide of another, in a 
level row, and their extreme ones fuftained between 
two fupporters; thofe in the middle will neceflarily 
fink, even by their own gravity, much more if forced 
down by any fuperincumbent weight. To make them 
ftand, therefore, either their figure or their pofition 
muft be altered.— Thirdly ; Stones, or other manuals, 
being figured cuneatim , or wedge-like, broader above 
than below, and laid in a level row, with their two 
extremes fupported as in the laft article, and pointing 
all to the fame centre: none of them can fink, till the 
fupporters or hutments give way, beeaufe they want 
room in that fituation to defeend perpendicularly. But 
this is a weak ftru&ure; became the fupportris are 
fubje& to too much impulfion, efpecially where the line 
is long; for which realon the form of ftraight archea 
is felaom ufed, excepting over doors ana windows, 
where the line is fhort and the fide walls ftrong. In 
order to fortify the work, therefore, we muft change 
not bnly the figure of the materials, but alfo their po¬ 
fition .—Fourthly { If the materials be lhaped wedge- 
wife, and be dilpofed in form of an arch, and pointing 
to feme centre; in this cafe, neither the pieces of the 
faid arch can fink downwards, for want of room to 
defeend perpendicularly; nor can the fupporters or hut¬ 
ments fuffer much violence, as in the preceding flat 
form: for the convexity will always make the incum¬ 
bent rather reft upon the fupporters, than thruft or 

pufit 
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pufh them outwards. His reafoning, however, «fte»- 
wat ds, on the effeft of circular and other arches, is not 
accurate, as he attends only to the fide preffurc, without 
considering the effcft of different vertical preffures. 

The chief properties of arches of different curves, 
may be fecn in the 2d fc*dt. of my Principles of Bridges, 
above quoted. It there appears that none, except the 
mechanical curve of the arch of equilibration, can ad¬ 
mit of a horizontal line at top: that this arch is of a 
form both graceful and convenient, as it may be made 
higher or lower at pleafure, with the fame fpan or open¬ 
ing : that all other arches jequire extrados that arc 
curved, more or lefs, either upwards or downwards: of 
tlicfc, the elliptical arch approaches the neareftto that 
of equilibration for equality of Strength and conveni¬ 
ence ; and it is alfo the hell form fur moSl bridges, as it 
can be made of any height to the fame fpan, its handies 
ly ing r.' the fame time luilicienlly elevated above the wa¬ 
ter, even when it is very flat at top : elliptical arches alfo 
look In ler and lighter, arc more uniformly Strong, and 
mud) htnpcr than molt others, as they rcquiic lefs ma¬ 
terials ;*• 1 labour. Of the other curves, the cycloidal 
arch is in quality to the elliptical otic, for tliofe 

propeitics, and, lallly, the circle. As to the others, 
the parabola, hypctbola, and catenary, they are quite in- 
r hi ifliblt. in bridges that conlilt of fevcral arches ; but 
mac, in fume cafes, be employed for a bridge of one 
bugle arch which may be intended to rife very high, 
or, in ft:eli cafes as they arc not much loaded at the 
..unD-'-s. 

As, m Mural. See Mural arch. 

ARCHER, or Sagittarius, one of the conflellations 
of t he northern hetnifphere, and one of the twelve ligns 
of the zodiac, placed between the Scorpion and Ca-’ 
pricorn. See Sagittarius. 

ARCHIMEDES, one of the moil celebrated ma¬ 
thematicians among the ancients, who flourished about 
2 50 years before Clirift, being about 50 years Liter than 
Euclid. He was born at Syracufe in Sicily, and was 
related to IJiero, who was then king of that city. The 
mathematical genius of Archimedes fet him with fuch 
diitinguiflied excellence in the view of the world, as ren¬ 
dered him both the honour of his • wn age, and the ad¬ 
miration of pollerity. He was indeed the prince of 
the ancient mathematicians, being to them what New¬ 
ton is to the moderns, to whom in his genius and cha¬ 
racter he bears a very near rcfemblaucc. He was fre¬ 
quently loll in a kind of reverie, fo as to appear hardly 
fenlitil ■; he would Rudy for days and nights together, 
neglecting his food ; and Plutarch tells us that he tiled 
to be carried to the baths by force. Many particulars 
of his life, and works, mathematical and mechanical, 
arc recorded by federal of the ancients, as Polybius, 
JLivy, Ptptarch, Pappus, &c. He was equally Skilled in 
all the fciences, aitronomy, geometry, mechanics, hy- 
droilatics, optics. See, in all of which he excelled, and 
made many and gicat inventions. 

Archimedes, it is Said, made a Sphere of glafs, of a 
jnoft furpriSing contrivance and work in a 11 fh ip, exhibiting 
the motions of the heavenly bodies in a very pleafuig 
manner. Claudiau has an epigram upon this invention, 
which has been thus Mandated: 

When in a glafr’s narrow fpace confin’d, 

Jove faw the fabric of ill* almighty mmd,. 

VOL. I. 


He fmilM, and faid. Can motta!#* art alone. 

Our heavenly labours mimic with their own f 

The Syiacufiau’s brittle work contains 

Th’ eternal law, that through all nature reigns. 

Fram’d by his art. fee liars unnumber’d burn. 

And in their eonrfri rolling orbi return: 

His tun through various fisms defo ibes the year; 

And eveiy mouth his mimic moons appear. 

Our rival’s laws his little planets bind. 

And rule their motions with a human mind. 

Salmonens could our thunder imitate. 

But Archimedes can a world create. 

Many wonderful Stories arc told of his difeoverics, 
and of his very' powerful and curious machines. Sec. 
Hicro once admiring them, Archimedes replied, thefe 
effedts are nothing, •* But give me, faid he, fume other 
place to fix a machine on, and I (hall move the earth.’* 
Iic-fell upon a curious device for difeovering the deceit 
which had been practiced by a workman, employed by 
the faid king Hiero to make a golden crown. Iiiei o, 
having a mind to make an offering to the gods of a 
golden crown, agreed for one of great value, and weigh¬ 
ed out the gold to the artificer. After fome time he 
brought the crown home of the full weight; but.it was 
afterwards difeovered or fufpeAcd that a part of the 
gold had been flolen, and the like weight of filver fub- 
iiitiited in its Head. Hiero, being angry at this impo-- 
fition, delired Archimedes to take it into confideration,. 
how fuch a fraud might be certainly difeovered. While 
engaged in the filiation of this difficulty, he happened 
to go into the bath ; where obferving that a quantity 
of water overflowed, equal to the bulk of his body, it 
prcfently occurred to him, that Hiero’s quell ion might 
be anfwered by a like method: upon winch lie leaped 
out, and ran homeward, crying out iSguxa! it^nx ! I 
have found it! I have found it 1 He then made two- 
maffes, each of the fame weight as the crown, one of 
gold and the other of filver: this done, he filled ji veffel. 
to the brim with water, and put the filver mafs into it, 
upon which a quantity of water overflowed equal to the 
bulk of the mafs; then taking the mafs of filver out 
he filled up the veffel again, meafuringthe water exact¬ 
ly, which he put in ; this (hewed him what meafurc of 
water anfwered to a certain quantity of filver. Then he 
tried the gold in like manner, and found that it caufid 
a lefs quantity of water to overflow, the gold biting lefs 
in bulk than the filver, though of the fame weight. He 
then filled the veffel a third time, and putting in the 
crown itfclf, he. found that it canfed more water to 
ove-t flow than the golden mafs of the fame weight, but 
lefs than the filver one; fo that, finding its bulk be¬ 
tween the two maffes of gold and filver, and that ift 
certain known proportions, he hence computed the real 
quantities of gold and filver in the crown, and fo ma- 
nifeftly difeovered the fraud. 

Archimedt-s alfo contrived many machines for ufcful 
and beneficial pmpofes: among thefe, engines for launch¬ 
ing large (hips; (crew pumps, for exhaufting the water 
out of (hips, marflics or overflowed lands, as Egypt, &c, 
which they would do from any depth. 

But he became molt famous by his curious contrivan¬ 
ces, by which the city of Syracufe was fo long defended, 
when befieged by the Roman conful Mat cellar; (how- 
cring upon the enemy fometimes longdaits, and flones 
of vail weight and in great quantities ; at other times 
lifting their (hips up into the air, that had come near 
T the 
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the walls, and dafhing them to pieces by letting them 
fall down again ; nor could they find their fafety in re¬ 
moving out of the reach of his cranes and levers, for 
there he contrived to tire them with the rays of the fun 
reflected from burning glafles. 

However, notwithstanding all his art, Syracufe was 
at length taken by itorm, and Archimedes was fo very 
intent upon fomegeonutrical problem, that he neither 
heard the noife, nor minded any thing cite, till a foldier 
that found him tracing of linca, allied him his name, 
and upon his requcll to begone, and not diforder his 
, figures, flew him. “ What gave Marccllus the grrat- 
cfl concern, fays Plutarch, was the unhappy fate of 
Archimedes, who was at that time in his mufeum ; and 
Ids mind, as well as his eyes, fo fixed and intent upon 
fomc geometrical figures, that he neither heard the 
noife and hurry of the Homans, nor perceived the city 
to be taken. In this depth of fludy and contemplation, 
a foldier came fuddenly upon him, and commanded him 
to follow him to Marccllus; which he tefufing to do, 
till lie had finilhed his problem, the foldier, in a rage, 
drew' his fword, and ran him through.” Livy fays he 
Was flain by a foldier, not knowing who he was, while 
lie was drawing fehemes in the dull: that Marccllus 
was giicvcd at his death, and took care of his funeral; 
and made his name a protection and honour to tliofe 
who could claim a rclatiotifliip to him. His death it 
feems happened about the 14.-’ or 143 Olympiad, or 
a 10 years before the birth of Chrift. 

When Cicero was qtiellor for Sicily, lie difeovered the 
tomb of Archimedes, all overgrown with bullies and 
brambles; which he caufcd to be cleared, and the place 
fet in order. There was a fpherc and cylinder cut upon 
it, with an infeription, but the latter part of the verfes 
quite worn out. 

Many of the works of this great man are Hill extant, 
though the greateft part of them are loll. The pieces 
remaining arc as follow: 1. Two books on the Sphere 
and Cylinder.—-2. The Dimenlion of the Circle, or pro¬ 
portion between the diameter and the circumference.— 
3. Of Spiral lines.—4. Of Conoids and Spheroids.— 
5. Of Equiponderants, or Centres of Gravity.—6. The 
Quadrature of the Parabola.—7. Of Bodies floating on 
Fluids.—8. Lemmata.—y. Of the Number of the band. 

Among the works of Archimedes which are loll, may 
be reckoned the deferiptions of the following inventions, 
which may be gatheied from himfdf and other ancient 
authors. 1. His account of the method which he em¬ 
ployed to difeover the mixture of gold and liber in the 
crown, mentioned by Vitruvius.— 2. His defeription 
of the Cochlcon, or engine to draw' water out of places 
where it is flagnated, ftill in ufe under the name of Ar¬ 
chimedes’s Screw. Athenxus, fpcaking of the pro¬ 
digious fliip built by the order of Hiero, fays, that 
Archimedes invented the cochlcon, by means of which 
the hold, notwithlianding its depth, could be drained 
by one man And Diodotus Siculus fays, that he con¬ 
trived this machine to diuiii Egypt, and that by a won¬ 
derful metlianifm it would exhault the water from any 
depth.—3. The Helix, by means of which, Athenxus 
informs us, he launched Hiero’s great fliip.—4. The 
Trifpallon, which, according to Tzctzts and Orihaiius, 
could draw the moll iiupendous weights.—5. The ma¬ 
chines, which,according to Polybius, Livy, and Plutarch, 


he ufed in the defence of Syracufe againft Marcellos, 
confuting of Tormenta, Baliftx, Catapults, Sagittarii, 
Scorpions, Craned, 8 tc —6. His- Burning Glafies, with 
which he fet fire to the Roman gallies.—7. His Pncuma- 
matic and Hydroftatic engines, concerning w'hich fub- 
jefts he wrote feme books, according to Tzetzes, 
Pappus, and Tertullian.— 8. His Sphere, which exhi¬ 
bited the celeflial motions. And probably many others. 

A whole volume might be written upon the curious 
methods and inventions of Archimedes, that appear in 
his mathematical writings now extant only. He was 
the firft: who fquared a curvilineal I’paee ; unlefs Hypo¬ 
crites mult be excepted on account of his limes. In 
his time the conic fetlions were admitted into geometry, 
and he applied himfdf dofely to the mcafuting of them, 
as well as other figures. Accordingly he determined the 
relations of (pluses, fpheroids, and conoids, to cylin¬ 
ders and cones; and the relations of parabolas to recti¬ 
lineal planes whole quadrat in cs had long bt fore been 
determined by Euclid. He has left 11s alfo his attempts 
upon the circle: he proved that a ciicle is equal to ,» 
right-angled triangle, whole bafe is equal to the circmn- 
fctcnce, and its altitude equal to the radius; and con- 
fequently, that its area is equal to the rectangle >>f half 
the diameter and half the cireumfei nice ; thus reducing 
the quadrature of the circle to thedeteiniiuatioii of the 
ratio between the diameter and circumference ; which 
determination however has never ytt been done. - Being 
disappointed of the rxotl quadrature ot the circle, for 
want of the rectification of its cii cum fart nee, which all 
his methods would not effect, he proceeded to aflign 
an ufeful approximation to it: this he effected hv the 
numeral calculation of the perimeters of the inferihed 
and circumferihed polygons: from which calculation 
it appears that the perimeter of the eiieumlerihed re¬ 
gular polygon of 19a fides, is to the diametir, in a iefs 
ratio than that of 3} or 3!$ to i ; and that the peri¬ 
meter of the inferibed polygon of 96 fides, is to the di¬ 
ameter, in a greater ratio than that of 3 to I ; and 
confequently that the ratio of the circumference to the 
diameter, lies between thefe two ratios. Now the firft 
ratio, of 3* to r, reduced to whole numbers, gives 
that of 22 to 7, for 3! : 1 : : 22 : 7 ; which therefore 
is ueaily the ratio of the circumference to the diameter. 
From this ratio between the circumference and the di¬ 
ameter, Archimedes computed the approximate area of 
the circle, and lie found that it is to the fquarc of the 
diameter, as 11 is to 14. He determined alfo the re¬ 
lation between the circle and ellipfe, with that of their 
fimifar parts. And it is probable that he likewile at¬ 
tempted the hyperbola ; but it is not to be expected 
that he met with any fuceefs, fincc approximations to its 
area are all that can be given by the various methods 
that have fincc betn invented. 

lielide thelc figuies, he determimd the mrafutrs of 
the fpiral, dclciibcd by a point moving uniformly ahuig 
a right line, the line sit the lame time revolving 
with a uniform angular motion ; determining the pio- 
portion of its area to that of the circiunlcrihid circle, 
as alfo the propoition of their fee tors. 

Thioughoiit the whole works ot this great man, we 
every where perceive the dcepcll defign, and the finetl 
invention. He feems to have been, with Euclid, ex¬ 
ceedingly careful of admitting into his demonllrations 

nothing 
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nothing but principles perfeftly geometrical and unex¬ 
ceptionable : and although his rnoft general method of 
demonftrating the relations of curved figures to flraight 
ones, he by inferibing polygons in them ; yet to deter¬ 
mine thofe relations, he does not increafe the number, 
and diminifh the magnitude, of the fides of the polygon 
ad infinitum; but from this plain fundamental principle, 
allowed in Euclid’s Elements, (viz, that any quantity 
may be fo often multiplied, or added to itfelf, as that 
the refult fhali exceed any propofed finite quantity of 
the fame kind,) he proves that to deny his figures to 
have the propofed relations, would involve an abl'urdity. 
And when he demon!)rated many geometrical proper¬ 
ties, particularly in the parabola, by means of certain 
progreflions of numbers, whofe tetms are fimilar to the 
inferibed figures; this was flill done without confide! ing 
Inch feries as continued ad infinitum, and then collect¬ 
ing or fumming up the terms of fuch infinite feries. 

There have been various editions of the exifting 
writings of Archimedes. The whole of thefe works, 
together with the commentary of Eutocius, were found 
in their original Greek language, on the taking of Con- 
ilantinople, from whence they were brought into Italy; 
and here they were found by that excellent mathema¬ 
tician John Muller, otherwil'e called Regiomontanus, 
who brought them into Germany: where they were, 
with that Commentary, publifhed long afterwards, viz, 
in 1544, at Baiil, being tnofl beautifully printed in folio, 
both in Greek and Latin, by Hervagius, under the 
care of Thomas Gcchauff Venatorins.—A Latin tranf- 
lation was publifhed at Paris 1557, by Pafcalius Ha- 
mellius.---Another edition of the whole, in Greek 
and Latin, was publiflied at Paris 1615, in folio, by 
David Rivaltus, illuflrated with new demonilrations and 
commentaries: a life of tlu.' author is prefixed ; and at 
the end of the volume is added fome account, by way of 
refloration, of our author's other works, which have 
been loft ; viz. The Crown of Hicro ; the Cochlcon or 
Water Screw; the Helicon, a kind of endiefs fcrcw; 
the Trifpailon, confiding of a combination of wheels 
and axles; the Machines employed in the defence of 
Syracufc ; the Burning Speculum ; the Machines moved 
by Air and Water; and the Material Sphere.—-In 
1675, Dr. Ifane Barrow publiflied a neat edition of the 
woiks, in Latin, at London, in 4to; illuflrated, and 
fuccindUy dcmonltnited in a new method.—But the 
mod complete of any, is the magnificent edition, in 
folio, lately printed at tire Clarendon prefs, Oxford, 
1792. This eel it ion was prepared ready for the prefs 
by the learned Jofcph Torclli, of Verona, and in that 
Hate prefented to the Uui verfity of Oxford. 'The Latin 
tranflation is a new one. 'Torclli alfo wrote a preface, 
a commentary on fome of the pieces, and notes on the 
whole. An account of the life and writings of Torclli 
is piefixed, by Clemens Sibiliati. And at the end a 
a large appendix is added, in two parts; the firft being 
a Commentary on Archimedes’s paper upon Bodies that 
float on Fluids, by the Rev. A brain Rolicrtfon of 
Chrid Church College; and the latter is a large col- 
ledtion of various readings in the Manufcript works of 
Archimedes, found, in the library of the late king of 
France, and of another at Florence, as collated with 
the Bafil edition above mentioned. 

There are alfo extant other editions of certain parts 


of the works of Archimedes. Thus, Commatidin^pub- 
liflied, in 410, at Bologna 1565, the two books con¬ 
cerning Bodies that Float upon Fluids, with a Com¬ 
mentary. Commandine publifhed alfo a tranflation of the 
Arenarius. And Borelli publifhed, in folio, at Florence 
1661, Archimedes’s I.ibcr AJfumptorum, tran dated 'into 
Latin from an Arabic manukript copy. This is accom¬ 
panied with the like tranflation, from the Arabic,. of 
the 5th, 6th, and 7th books of Apollonius's Conics. 
Mr. G. Anderfon publifhed (in 8 vo. Lond. 1784) an 
Englifh tranflation of the Arenarius of Archimedes, 
with learned and ingenious notes and illuftrations. Dr. 
Wallis publiflied a tranflation of the Arenarius. And 
there may be other editions befide the above, but thefe 
are all that I have got, or know of. 

Archimedes’s Screw. See Screw of Archimedet. 

Archimedes’s Burning-zlafs. See BuRNiNO-^/n/jr. 

ARCHITECT, a perfon (killed in architeaure, 
or the art of building; who forms plans and defigns 
for edifices, conducts the work, and direas the various 
artificers employed in it. 

The moft celebrated architcas are, Vitruvius, Palla¬ 
dio, Scamozzi, Serlio, Vignola, Barbaro, Qataneo, 
Alberti, Viola, Inigo Jones, De Lorme, Perrault, 
S. Le Clerc, Sir Chrillopher Wren, and the Earl of 
Burlington. 

ARCHITECTURE, ArchiteSura, the art of plan¬ 
ning and building or ercaing any edifice, fo as pro¬ 
perly to anfwer the end propofed, for folidity, conveni- 
ency, and beauty ; •whether lioules, temples, churches, 
bridges, halls, theatres, &c, &c.—Architeaure is di¬ 
vided into civil, military, and naval or marine. 

Civil Architecture, is the art of defigning and 
ereaing edifices of every kind f6r the ufes of civil life 
in every capacity; as churches, palaces, private houfes. 
See ; and it has been divided into five orders 05 man¬ 
ners of building, under the names of the ‘TufeanfDoric, 
Ionic , Corinthian , and Gompofite. 

There weie many authors on architeaure among 
the Greeks and Romans, before Vitruvius; but he as 
the firft whofe work is entire and extant. He lived in 
the reigns of Julius Csefar and Augullus, and compofed 
a complete fyllem of architeaure, in ten books, which 
he dedicated to this prince. The principal authors ou 
architeaure fince Vitruvius, are Philander, Barbarus, 
Salmafius, Baldus, Alberti, Gauricus, Demoniofius, 
Perrault, Del’Orme, Rivius, Wotton, Serlio, Palladio, 
Strada, Vignola, Scamozzi, Dieuflart, Catanei, Freard, 
De Cambray, Blondel, Goldman, Sturmy, Wolfius, 
De Rofi, Defgodetz, Barattcri, Mayer, Guliclmus, 
Ware, &c, &c. See alfo Architect. 

Military Architecture, otherwife more ufuaily 
called Fortification, is the art of ftrengthening and for¬ 
tifying places, to fcrccn them from the infults or attacks 
of enemies, and the violence of arms; by erecting forts, 
caflles, and other fortrefles, with ramparts, baltions, &c. 
—The authors who have chiefly excelled iu this art. 
are Cochorn, Pagan, Vauban, Schciter, Blondel, and 
Montalembcrt. 

Naval Architecture, or Jbip-building , is the art 
of confiru&ing (hips, galleys, and other veflels proper to 
float on the water. 

ARCHITRAVE, is that part of a column which 
bears immediately upon the capital. It is the lowed 
T 2 member 
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member of the entablature, and is fuppofed to reprefent 
the principal beam in timber buildings, in which it is 
fometimes called the rea/oh piece, or mailer-piece. Alfo, 
in chimneys it is called the mantle-piece; and the hyper- 
thyron over the jaumbs of doors, or lintels of windows. 

Architrave Cot niche. Sec Corn ic he. 

Architrave doors, are thofe which have an archi¬ 
trave on the jaumbs, and over the door ; upon the 
cap piece if fttaight; or on the arch, if the top be 
curved. 

Architrave windows, of timber, arc ufually an 
ogee raifed out of the folid timber, with a lift over it: 
though fometimes the mouldings are il ruck, and laid 
on ; and fometimes they are cut in brick. 

ARCH I VOLT, the contour of an arch 5 or a band 
or frame adorned with mouldings, running over the 
faces of the voufl'oirs or arehdlones, and beating upon 
the imports. 

ARCHYTAS, of Tarentum, a celchi ated mathe¬ 
matician, cofmographcr, and I’ytliugoican philofopher, 
whom Horace calls 

———Maris sc Tcrrw, numeroque cirentit Aren* 
Mtnlbrem. 

He flottrifhed about 400 years before Chrift; and was 
the mailer of Plato, Eudoxus, and Philolaus. He gave 
a method of finding two mean proportionals between 
two given lines, and thence the Duplication of the Cube, 
by means of the conic feftion*. His fit ill in Mechanics 
was fuch, that he was faid to lie the inventor of the 
crane and the ferew $ and he made a wooden pigeon 
that could fly about, when it was once let off, but it 
could not rife again of itfelf, after it refltd. He 
wrote feveral works, though none of them are now ex-, 
tant,. particularly a treatife sr» f -l tv ll*ws,', dc Univerfo, 
cited $y Simplicius in Ariftot. Categ. It is faid lie in- 
vented' the ten categories. He acquired great reputa¬ 
tion both in hislegifiative and military capacity ; having 
commanded an army fevtn times without ever being 
defeated. He was at lafl fliipwreckcd, and drowned in 
the Adriatic fea. 

A KCTIC Circle, is a IcfTcr circle of the fphere, parallel 
to the equator, and parting through the north pole of the 
ecliptic, or diflant from the north or ardic pole, by a 
quantity equal to the obliquity of the ecliptic, which 
was formerly eftimated at 23 0 30', but its mean quan¬ 
tity is now *3° 28' nearly. This, and its oppofite, the 
aniardtic circle, are alfo called the polar circles, where 
the longcft day and longed night are 24 hours, and 
within all the fpace of thefe circles, at one time of the 
year, the fun never fets, and at the oppofite frufon he 
never rifes for fornc days, more or Itfs according as the 
place is nearer the pole. 

Arctic Pole, the north pole of the world, and fo 
called from eqxlo.-, ur/a, the bear, from its proximity to 
the conftellation of that nnme. 

. ARCTOPHYLAX, a conftellation otherwife called 
Bootes. Which fee. 

ARCTURUS, a fixed ftar of the firft magnitude, 
between the thighs of the conftellation Bootes. So 
called from bear, and tail; as being near the 

bear's tail. 

This ftar is twice mentioned in tlte book of Job, viz, 
is. 9, and xxxviii. 32, by the name Aifh if the tranflatioa 


be right j and by many of the ancients under its Greek 
name’ /Irdurus. The Greeks gave the fabulous hiftory 
of this ftar, or conftellation, to this purport: Califto, 
who was afterwards, in form of the great bear, raifed 
tip into a conftellation, they tell us, brought forth a fon 
to Jupitct, whom they called Areas. That Lyacon, 
when Jupiter afterwards came to vifit him, cut the boy 
in pieces, and ferved him up at table. Jupiter, in re¬ 
venge, as well as by way of punifhment, called down 
lightning to confumc the palace, and turned the monarch 
into a v/olf. The limbs of the boy were gathered up, 
to which the god gave life again, and he was taken and 
educated by tome of the people. His mother, who 
was all this time a bear in the woods, fell in his 
way : he chafed her, ignorant of the fait, and, to 
avoid him, flic threw herfelf into the teir.pleof Jupiter; 
lie followed her thither to deftroy her ; and this being 
death by the laws of the country, Jupiter took them 
both up into heaven, to prevent the punifhment, making 
her the coniUllatiori of the great bear, and converting 
the youth into tin's fingle ftar behind her. 

Dr. Hornlby, the Savilian Profcflor of Aflronomy, 
concludes-that A returns is the nearelt ftar to our fyftein 
vifible in the northern hemifphere, becaufethe variation 
of its [dace, in confequence of a proper motion of its 
own, is more remarkable than that of any other of the 
liars; and by comparing a variety of obfervations rc- 
fpedting both the quantity and direction of the motion 
of this flar, he infers, that the obliquity of the ecliptic 
dccreafes at the rate of 58" in toe years; a quantity 
which nearly corrcfponds to the mean ot the compu¬ 
tations framed by Euler and De la Landc, upon the 
principles of attraction. Phil/. Tranf v. 63. 

AK.CTUS, a name given by the Greeks to two 
confteilations of the northern hemifphere; by the Latins 
called Ursa major and minor, and by us the greater and 
lejfer BEAR. 

AREA, in general, denotes any plain furfaec to 
walk upon ; and derived from mere, to be dry. 

Area, in Shchil*3ure, denotes the fpace or foite of 
ground on which an edifice (lands. It is alfo tiled for 
tuner courts, and fuch like portions of ground. 

Ar r a, in Geometry, denotes the 
fuperlieial content of any figure. 

The areas of figures are eftimated 
in fqtiares and parts of fqttares. 

Thus, fuppofe a rectangle EFGH 
have its length EH equal to 4 inch¬ 
es, or feet, or yards, &c, and its 
breadth EF equal to 3 ; its area will 
then be 3 times 4, or 12 fquares, 
each fide of which is refpeCtivcly 
one inch, or foot, or yard, &c. The 
areas of other particular figures may be fecn under their 
refpe&ive names. 

The areas of all fimilar figures, are in the duplicate 
ratio, or as the fquares of their like fides, or of any 
like linear ditneniions.——Alfo the law by which the 
planets move round the fun, is regulated by the areas 
deferibed by a line connedling the fun and planet; that 
is, the time in which the planet deferibes, or partes 
over, any arc of its elliptic orbit, is proportional to 
the elliptic area deferibed in that time by the faid line, 
or tlte feCtur contained by the faid arc and two radii 

drawn 
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drawn from Sts extremities to the focus in which the 
fun is placed. 

Area, in Optics. See Field. 

ARENARIUS, the name of a book of Archimedes, 
in which he dcmonitrated, that not only the fands of the 
earth, but even a greater quantity of particles than 
could be contained in the immenfe fphereof the fixed 
\ liars, might be expreffed by numbers, in a way by him 
^invented and deferibed. This notation proceeds by cer¬ 
tain geometrical progreffions; and in denoting and 
producing certain very dillant terms of the progreflion, 
he here lirll of any one makes ufe of a property fimilar 
to that of logarithms, viz, adding the indices of the 
terms, to find the index of the product of them. See 
Archimedes. 

AREOMETER, Araometsdm, an inilrument to 
meafurc the deniity or gravity of fluids. 

The areometer, or watcr-poife, is Commonly made 
of glafs; confiding of a round hollow ball, which ter¬ 
minates in a long {lender neck, hermetically fealed at 
top; having lirll as much running mercury put into it, 
as will ferveto balance or keep it fwitnming in an cre£t 
pofition. The ftem, or neck, is divided into degrees or 
parts which are numbered, to (hew, by the depth of 
its defeent into any liquor, the lightnel's or deniity of 
it: for that fluid is heavieil in which it finks lead, and 
lighted in which it finks deeped. 

Another inilrument of this kind is deferibed by 
Hombcrg of Paris, in the Memoirs of the Acad, of Sci¬ 
ences for the year 1699; alfo in the Fhilof. Tranf. 
N° 262, where a tabic of numbers is given, cxprelfing 
the deniity of various fluids, as determined by this in- 
ftrument both in fummer and winter. 13 y this table it 
appears that tlie denliiy, or fpecific gravity of quick- 
filver and di Hilled water, in the two feafons, were as 
follow, vi/., 

in fummer as - 13*61 to 1, 

in winter as - '3*53 to 1; 

and the medium of theft- two is as 13-57 to t. 

See alio the Pliilof. Tianf. vol. 36, or Abridg. vol. 6 , 
for the defeription and ufe of anotlier new areometer. 

AREOMETRY, the feience of meafuring the 
liglrtncfs and deniity of fluids.—-See the Pliilof. Tranf. 
vol. 68, for an eflay on areometry, &c. 

AREOSTYLE, in Architecture, a fort of intcr- 
coluinnatioii in which the columns were placed at a 
great di dance from one another. 

ARGENTICOMUS, among Ancient Aflrologers, 
denotes a kind of fiivei -haired comet, of uncommon 
luilre, fupucfedto be the caufe of gtcat changes in the 
planetary fylletn. 

ARGETENAR, a flar of the fourth magnitude, in 
the flexure of the couilellation Eridanus. 

ARGO NAVIS, or the Jhip , is a couilellation of 
fixed liars, in the fouthern hcmifplicrc, being one of the 
48 old conllellations. The number of dais in this 
conllellation, arc, in Ptolemy’s catalogue 45, in Tycho 
Brahe’s tl, in Flamlleed’s 64. 

The Greeks tell 11s, that this was the famous Ihip in 
which the Argonauts perfoimed that celebrated expe¬ 
dition, which has been fo famous in. all their hillorv. 

ARGUMENT, in Allronomy, is an arch given, by 
which another Rich is found in Ionic proportion to it. 
Hence, 


Argument of tnclinaiion, or Argument of JLaiU 
turie ’, of any planet, is an arch of a planet’s orbit, inter¬ 
cepted between the afeending node, and the place of 
the planet from the fun, numbered according to the 
fucceflion of the figns. 

Mcnjlrual Argument of Latitude, is the diftance 
of the moon’s true place from the fun’s true place.-— 
By this is found the quantity of the real obfeu- 
ration in eclipfes, or how many digit* are darkened in 
any place. 

Annual Argument of the noon's apogee, or Amply, 
Annual Argument, is the diftanceof the fun’s place from 
the place of the moon’s apogee; that is, the arc of the 
ecliptic enmprifed between thofe two places. . 

AR 1 E-S, or the Ram, in AJlronony, one of the con- 
flellations of tlte northern hemifphere, and the firftof the 
old twelve figns of the zodiac, and marked qp in imi¬ 
tation of a ram’s head. It gives name to a twelfth 
part of the ecliptic, which the fun enters commonly 
aboutthc 20th of March.—-The liars of this conllellation 
in Ptolemy’s catalogue are 18, in Tycho Brahe’s 21, 
in Hevclius’s 27, and in Elam deed’s 66: but they are 
moflly very fmall, only one being of the 2d magnitude, 
two of the 3d magnitude, and all the red fmaller. 

The fabulous account of this conllellation, as given 
by the Greeks, is to this effeft. That Nephele gave 
l’hryxus, her fon, a ram, which bore a golden fleece, as 
a guard againll the greateft dangers. Juno, the ftep- 
mothcr both of him and Hellc, laid defigns againll 
their lives; But Phiyxus, remembering the admonition 
of his mother, took his filler with him, and getting 
upon the back of the ram, they were carried to the fca. 
The ram plunged in, and the youth was carried over ; 
but Hellc dropped off, and was drowned, and fo gave 
name to the Hellefpont. When he arrived in Colchis, 
jEeta, the king, received him kindly ; and, facrificing 
the ram to Jupiter, dedicated the fleece to the god; 
which was afterwards carried off by Jafon. The animal 
itfelf, they fay, Jupiter fnatclied up into the heavens, 
and made of it the conllellation Aries. They have other 
fables alfo to account for its origin. But it is moll 
probable that the inventors of this fign, placed it there 
as the father of thofe animals which are brought forth 
about the time the fun approaches to that part of the 
heavens, and fo marking the beginning of fpring. 

An its alfo denotes a battering ram ; being a military 
engine with an iron head, much ufed by the ancients, 
to batter and beat down the walls of places befieged. 
3 ce Ram, and Batter inc rum. 

ARISTARCHUS, a celebrated Greek philofopher 
and adronomcr, and a native of the city of Samos; but 
of what date is not exactly known; it mud have been 
however before the time of Archimedes, as fome parts 
of his writings and opinions are cited by that author, 
viz, in his Arcnaiius; he probably flourifhed about 420 
years before Chrifi. Me held the opinion of Pythagoras 
ns to the fydenrof the world, but whether before or 
after him, is uncertain, teaching that the fun and liars 
were fixed,in the heavens, and that the earth moved in 
a circle about the fun, at the fume time that it revolved 
about its own centre ur axis. He taught alfo, that the 
annual orbit of the earth, compared with the dillance 
of the fixed liars, is blit as a point. On tin's head Ar- 

chiiuedc* 
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chlmedes fays, “Ariftarchus, the Samian, confuting the 
notions of allrologcrs, laid down certain politions, from 
whence it follows, that the world is much larger than is 
, generally imagined; for he lays it down, that the fixed 
liars and the fun ar<? immoveable; and that the earth is 
carried round the fun in the circumference of a circle.” 
On which account, although lie might not fuller petfe- 
cution and imprifonment like Galileo, yet he did not 
efcape ccnfure for his fuppofed impiety ; for it is faid 
Cleanthus was of opinion, that Greece ought to have 
tried Arillarchus for irreligion, for endeavouring to 
referve the regular appearance of the heavenly bodies, 
y fuppofing that the heavens themfclvrs Hood Hill; but 
that the earth revolved in an oblique circle, and at the 
fame time turned round its own axis. 

Arittarchus invented a peculiar kind of fun-dials, 
mentioned by Vitruvius. There is extant of his works 
only a treadle upon the magnitude and diflance of the 
fun and moon : this was tranflated into Latin, and com¬ 
mented upon by Commandine, who firft published it 
with Pappus's Explanations, in 1572. Dr. Wallis af¬ 
terwards publiftied it in Greek, with Commandine’s 
Latin verfion, in r688, and which he inferted again in 
the 3d volum* of his Mathematical Works, printed in 
folio at Oxford, 1699. The piece was animadverted 
upon by Mr. Fuller, in his Mifcellanics. There is ano¬ 
ther piece which has gone under the name of Ariltar- 
chus, of the Mundane SyJlern, its parts, and motions, 
publifhed in Latin by Robervalc, and by Merfcnne, 
in his Mathematical Synop/is. But this piece is cenfured, 
by Menagiqs (in Diog. l.aert.), and Defcartes, in his 
Epiftlcs, as a li&itious piece of Robcrvalc’s, and not 
the genuine work of Ariftarchus. 

ARISTOTELIAN, foinething that relates to the 
philofopher Arijhtle. Thus wc fay, an Arijloiclian dog¬ 
ma, the Ar'Jlotelian fchool, &c. 

ArIsvotilian Philofophy, the philofophy taught 
by Ariflotle, and maintained by his followers. It is 
otherwife called the peripatetic philofophy, from their 
prafticc of teaching while they were walking.—The 
principles of Ariftotle’s philofophy, the learned agree, 
are chiefly laid down in the four hooks de Cain. I11 (lead 
of the more ancient fyftems, he introduced matter, farm, 
and privation, as the principles of all things ; but it does 
not lcem that he derived much benefit from them in na¬ 
tural philofophy. And his do&rincs are, for the mod 
part,fo obfcurcly exprefled, that it has not yet been fall's- 
faftorily afeertaintd, what were his fentiments on fome 
of the moft important fubjedts. He attempted to refute 
the Pythagorean do&rine concerning the two-fold mo¬ 
tion of the earth ; and pretended to demonftrate, that 
the matter of the heavens is ungencrated, incorruptible, 
and not fubjedt to any alteration : and he fuppofed 
that the liars were carried round the earth in folid 
orbs. 

ARISTOTELIANS, a fedl of pbilofophers, fo 
called, from their leader Ariflotle , and are otherwife 
called Peripatetics .—The Ariflotclians and their dog¬ 
mata prevailed for a long wh 3 e, in the fchools and 
univerfities; even in fpitc of all the efforts of the Car- 
tefians, Newtonians, and other corpufcularians. But 
the fyftems of the latter have at length gained the 
afcendency ; and the Newtonia«|philofophy in particu¬ 
lar is now very generally received. 


ARISTOTLE, a Grecian philofopher, the fon of 
Nicomachus, phyfician to Amyntas king of Macedonia, 
was born 384 years before Chrift, at Stagira, a town of 
Macedonia, or, as others fay, of Thrace ; from which 
he is alfo called the Stagirite. Not fuceecding in the 

f irofelfion of aims, to which it feems he firft applied 
u’tnfelf, he turned his views to philofophy, and at tf 
years of age entered liimfelf a difciple of Plato, and 
attended in the academy till the death of that philofo¬ 
pher. AiiHutle then retired to Atarna, where the prince' 
Hcrmias gave him his daughter to wife. Repairing 
afterwards to the court of king Philip, he became pre¬ 
ceptor to his fon, Alexander the Great, whole education 
he attended for the fpacc of 8 years; and by the mag¬ 
nificent encouragement of this prince he was afterwards 
enabled to procure all forts of animals, from the in- 
fpedtion of which to write the hiilory of them. On 
liis quitting Macedon, lie fettled at Athens, where he 
eftablilhed his fchool, having the Lyceum affigned him, 
by the magiftrates, for the place of liis inllrudlion or 
deputation ; where he became the head and founder of 
the felt called after his name, as alfo Peripatetics, from 
the rtrcumftancc of his giving inllruttions while walk¬ 
ing. But being hete accufed of impiety by Eurynudon, 
priell of Ceres, and fearing the fate of Socrates, he re¬ 
tired to Chalets, where he died at 63 years of age, and 
322 years before Chrift. Some fay that he poifoned 
liimfelf, others that he died of a cholic, and others 
again pretend that he threw himfclf into the fca for 
grief that he could not difeover the eaufe of the flux 
and reflux of the waters. Laertius, in his life of Ari- 
ftotlc, cilimates liis books at the number of 4000 ; of 
which however fcarce 20 have come down to us: tliefc 
may he comprifed under five heads; the firll, relating 
to poetry and-rhetoric ; the fecund, to logics ; the tliiid, 
to ethics and polities; the fourth, to pin lies; and the 
fifth, to metaphyfics. In the fchools, Ariflotle has been 
called the philofopher, and the prince of philofophers. 
And fueh was the veneration paid to him, that liis opi¬ 
nion was allowed to (land on a level with reafon it fell’: 
nor was any appeal from it admitted, the parties, in 
every difpute, being obliged to drew, that their conclu- 
fiona were no lefs toufoi inulrle to the dodtviuc of Arillo- 
tlc than to truth. 

ARITHMETIC, the art and fcience of numbers; 
or, that part of mathematics which eon Ciders their 
powers and properties, and leaches how to compute or 
calculate truly, and with cafe and expedition. It is by 
fome authors alfo defined the fcience of difcrcte quantity. 
Arithmetic coniiits chiefly in the four principal rules or 
operations of Addition, Subtraction, Multiplication, 
and Diviiion; to which may perhaps he added invo¬ 
lution and evolution, or railing of powers and extrac¬ 
tion of roots. But befidcs thefe, for the facilitating tuid 
expediting of computations, mercantile, aftronomical, 
&c, many other ufcful rules have been contrived, which 
arc applications of the former, fuch as, the rules of pro¬ 
portion, progreflion, alligation, falfe pofition, fcllow- 
ftiip, intereil, barter, rebate, equation of payments, re¬ 
duction , tare and tret. See. Befides the dodlrine of the 
curious and abftradl properties of numbers. 

Vcry little is known of the origin and invention of 
arithmetic. In fadt it mud have commenced with man¬ 
kind, or as foon as they began to hold any fort of com¬ 
merce 
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merce together j and muft have undergone continual 
improvements, as occafion was given by the extenfion 
of commerce, and by the difeovery and cultivation of 
other fciences. It is therefore very probable that the 
art has been greatly indebted to the Phoenicians or Ty¬ 
rians ; and indeed Proclug, in hi* commentary on the 
firft book of Euclid, fays, that the Phoenicians, by rea- 
fon of their traffic and commerce, were accounted the 
firft inventors of Arithmetic. From Afia the art puffed 
Snto Egypt, whither it was carried by Abraham, ac¬ 
cording to the opinion of Jofcphus. Here it was greatly 
culti^ited and improved ; infomoch that a confiderable 
part of the Egyptian philofophy and theology feems to 
have turned' altogether upon numbers. Hence thofe 
wonders related by them about unity, trinity, with the 
numbers 4, 7,9, See. In effedt, Kircher, in hisOedip. 
jStgypt. (hews, that the Egyptians explained every 
thing by numbers; Pythagoras himfelf affirming, that 
the nature of numbers pervades the whole uuivcrfe ; and 
that the knowledge of numbers is the knowledge of the 
deity. 

From Egypt arithmetic was tranfmitted to the 
Greeks, by means of Pythagmas and other travellers ; 
amongft whom it was greatly cultivated and improved, 
as appears by the writings of Euclid, Archimedes, and 
others: with theft* improvements it palled to the Ro¬ 
mans, and from them it has defeended to us. 

The nature of the arithmetic however that is now in 
life, is very different from that above alluded to; this 
art having undergone a total alteration by the introduc¬ 
tion of the Arabic notation, about 800 years fince, info 
Europe: fo that nothing now remains of uft* from the 
Greeks, but the theory and abllradt properties of num¬ 
bers, which have no dependence on the peculiar nature of 
any particular fcalc or mode of notation. That ufed by 
the Hebrews, Greeks, and Romans, was chiefly by 
means of the letters of their alphabets. The Greeks, 
particularly*, had two different methods; the firft of 
thefe was much the fame with the Roman notation, 
which is fufficicntly well known, being Hill in common 
rife with us, to denote dates, chapters and fedtions of 
books, &c. Afterwards they had a better method, in 
which the firft nine letters of their alphabet reprefented 
the firft numbers, from one to nine, and the next nine 
letters reprefented any number of tens, from one to nine, 
that is, 10, 20, 3c, &c, to 90. Any number of hun¬ 
dreds they exprelled by other letters, flip plying what 
they wanted with fume other marks or characters: and 
in this order they went on, tiling the fame letters again, 
with fome different marks, to ex profs thouf.uids, tens of 
tlioufands, hundreds of thonf.mds, See:' In which it 
is evident that they approached very near to the more 
perfect decuple leak* of prngreffion tiled by the Ara¬ 
bians, and who acknowledge that they had received it 
from the Indian;;. Archimedes alfo invented another 
peculiar fcalc and notation of his own, which lie em¬ 
ployed in his Arenarius, 10 compute the number of the 
lands. In the 2d century of chriliianitv lived Cl. Pto¬ 
lemy, who, it is ftippofed, invented the fcxagcfimal di- 
vifion of numbers, with its peculiar notation and ope¬ 
rations: a mode of computation (till tiled in atlronomy 
&c, for the fuhdivifions of the degrees of circles. Thole 
flotations however were ill adapted to the piadvical ope¬ 
rations of arithmetic: and heuee it is that the art ad¬ 


vanced but very little in this part ; For, fetting afide 
Euclid, who has given many plain and ufeful properties 
of numbers in his Elements, and Archimedes, in hi* 
Arenarius, they moftly con lift in dry and tedious dif- 
tindtions and divifionsof numbers; as appears from the 
treatifes of Nicomachus, fuppofed to be written in the 
3d century of Rome, and publifhcd at Paris in 1538 ; 
as alfo that of Boethius, written at Rome in the 6th 
century of Chrift. A compendium of the ancient ^ 
arithmetic, written in Greek, by Pfelltis, in the gth 
century, was publifhcd in Latin by Xylander, in 15 v6. 
A fimilar work was written foon after in Greek by Jo- 
docus Willichius ; and a more ample work of the fame 
kind was written by Jordanus, in the year 1200, and 
publifhcd with a comment by Faber Stapulcufts in 
1480. 

Since the introdudtion of the Indian notatiou'into 
Europe, about the 10th centuty, arithmetic has greatly 
changed its foi m, the whole algorithm, ,or practical ope¬ 
rations with mimbeis, being quite altered, as the nota¬ 
tion required; and the authors of* arithmetic have 
gradually become more and more numerous. This me¬ 
thod was brought into .Spain by the Moors or Saracens; 
whither the learned men from all parts of Europe re- 
paired, to learn the arts and fciences of them. This, 
Dr. Wallis proves, began about the year 1000; par¬ 
ticularly that a monk, called Gilbert, aflerwaids pope, 
by the name of Sylvefler II, who died in the year 1003, 
brought this art from Spain into France, long befoie 
the date of bis death : and that it was known in Bri¬ 
tain before the year 1150, where it was brought into 
common ufe before 1250, as appears by the treatife of 
arithmetic of Johannes de Sacro Bofco, or Halifax, who 
died about 1256. Since that time, the principal wri¬ 
ters on this art have been, Barlaam, Lucas de Burgo, 
Tonllall, Aventinus, Ptirbacb, Cardan, Seheulfclius, 
Tartalia, Faber, Stifclius, Reeorde, Ramus, Mauro- 
lycus, Hemifehius, Peletarius, Stcvinu?, Xylander, Ker- 
fey, Snellius, Tacquet, Clavius, Metius, Gemma Fri- 
fius, Buteo, IJrfinus, Roinanus, Napier, Ceulen, 
Wingate, Kepler, Briggs, Ulacq, Oughtred, Crugcr, 
Van Schootcn, Wallis, Dee, Newton, Mnrl.iiicl, Moore, 
Jeake, Ward, Hatton, Malcolm, &c, &c; the parti¬ 
cular inventions or excellencies of whom, will be no¬ 
ticed under the articles of the feveral fpecies or kinds 
of arithmetic here following, which may be included 
under thefe head.., viz, theoretic,1/, practical, itflrumcnUd ’, 
Ingarithmictd , numerous, fprciuvs, ttni-v. rfal, comonn or 
decadal, fractional, radical or of fur.Is, decimal, duodeci¬ 
mal, fexagefima!, dynamical or binary, telradycal, politi¬ 
cal, &c. 

Theoret'tcal Arithmetic, is the feienee of the pro¬ 
perties, relations, &c, of numbers, abilracledly c,Hinder¬ 
ed ; with the reafons and deinonll rations of the feveral 
rules. Such is that contained in the 7th, 8tb, and grit 
books of Euclid'.'. Elements; the l.'fdli. j ot Barlaam 
tl.e monk, published in Latin by J. Chambers, in tbco ; 
the Sttmma Arithnicth oof Lucas de Burgo, printed 1494', 
who gives the feveral divisions of numbers from ,\ico- 
nvichus, and tlieir properties from Euclid, with the 
algorithm, both in integers, fractions, extraction of 
toots, &c ; Malcolm’s New Syjlcm of Arithmetic, theo¬ 
retical andpractical, in 1730, in which the fubjedt is very 
completely treated, in all its branches, &c. 


Practical 
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PraSical Arithmetic, istheart or pradliceof num¬ 
bering or computing; that is, from certain numbers 

; riven, to find others which (hall have any propofed re- 
ation to the former. As, having the two numbers 4 
and 6 given; to find their fum, which is 10 ; or their 
difference, which is 2 ; or their produfl, 24; or their 
quotient, 1 1 ; or a third proportional to them, which 
is 9 ; See.—l..ucas de Unrgo’s works contain the whole 
practice of arithmetic, then ufed, as well as the theory. 
Tun thill gave a neat praftical treat ife of Arithmetic in 
1526; as did St itch us, in 15 44, both on the practical 
and other parts. Tartalca gave an entire body of prac¬ 
tical arithmetic, which was printed at Venice in 1556, 
conlifting of two parts; the former, the application of 
arithmetic to civil ufes; the latter, the grounds of Al¬ 
gebra. And inotl of the authors in the lid before enu¬ 
merated, joined the practice of arithmetic with the 
theory. 

Binary or Dyadic Arithmetic, is that in which 
only two figures are ufed, viz I and O. See Binary. 
— Leibnitz and De Lagny both invented an arithmetic 
of this fort, about the fame time: and Danglcourt, in 
the Mifcel. Berol. gives a fpecimen of the ufe of it in 
arithmetical prngrcfiiotis; where he (hews, that the 
laws of progrefiion may be more ealily difeovered by it, 
than by any other method where mote characters are 
ufed. 

Common or Vulgar Arithmetic, is that which is 
Concerning integers and vulgar fractions. 

Decimalor Deradal Arithmetic, is that which is 
performed by a ferries of ten characters or figures, the 
progrefiion being ten-fold, or from I to 10’s, loo’s, See; 
which includes both integers and decimal fractions, in 
the common fcale of numbers; and the characters ufed 
are the ten Arabic or Indian figures o, 1, 2, 3, 4, 5, 6, 
7, 8 ,Q. This method of arithmetic was not known to 
the Greeks and Romans; but was borrowed from the 
Moors while they poffeffed a great part of Spain, and 
who acknowledge that it came to them from the Indians. 
It is probable that this method took its origin from the 
ten fingers of the hands, which were ufed in computa¬ 
tions before arithmetic was brought into an art. The 
Eaflern mifiionarics aflure us, that to this day the Indi¬ 
ans are very expert at computing on their fingers, with¬ 
out any ufe of pen and ink. And it is aiferted, that 
the Peruvians, who perform all computations by the 
different arrangements of grains of maize outdo any 
European, both for certainty and difpatch, with all his 
rules. 

Duodecimal Arithmetic, is that which proceeds 
from 12 to 12, or by a continual fubdivilion according 
to 12. This is greatly ufed by moil artificers, in cal¬ 
culating the quantity of their work; as Bricklayers, 
Carpenters, Painters, Tilers, &c. 

FraUional Arithmetic, or of frafiions, is that which 
treats of fractions, both vulgar and decimal. 

Harmmical Arithmetic, isfo much of the doftrine 
of (Himbets, as relates to the making the companions, 
redu&iotu, & c of mufical intervals. 

Arithmetic of Infinites . is the method of fumming 
up a feries of numbers, of which the numbers of terms 
itinfinite. This method was firlt invented by Dr. Wal¬ 
lis, as appears by his treatife on that iuhjcA ; where 
he (hews its ufes in geometry, in finding the areas of 
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fuperficies, the ccmtents of folids, &c. But the method 
of fluxions, which is a kind of univerfal arithmetic of 
infinites, performs all thefe more eafily; as well as a 
great many other things, which the former will not 
reach. 

lujlrumcntal Arithmetic, is that in which the com¬ 
mon rules ate performed by inftruments, or fome fort of 
tangible or palpable fubftancc. Such are the methods 
of computing by the ten fingers and the grains of maize, / 
by the Kail Indians and Peruvians, above-mentioned; by 
the Abacus or Shwanpan of the Chinefc; the feveral 
forts of fcules and Aiding rules; Napier’s bones or rods; 
the arithmetical machine of Pafcal, and others; Sir Sa¬ 
muel Morland’s inflrumrnt, dcfci ibed in 1666 ; that of 
Leibnitz, deferibed in the Miiccll. Berol.; that ofPo- 
Icuus, publiflied in the Venetian Mifccllauy, 1709; and 
that of Dr. Saunderfon, of Cambridge, defciibcd in 
the introduction to his algebra. 

Integral Aiuthm ktic, or tj'integers, is that which 
refpedb integers, or whole numbers. 

Literal or Algebra AkiThmitic, is that which is 
performed by letters, which reprefent any uumbeis in¬ 
definitely. 

Logarithm teal Arithmetic is performed by the 
tables of logarithms. Tlstfc were invented by baron 
Napier ; and the bell treatife on the fubjett, is Bi iggs’s 
Arithmetiea Logarithmica, 1624. 

I.ogifluat Arithmetic. See 1 .001 s t 1 c a l. 

Numerous or Numeral Arithmetic, is that which 
teaches the calculus of numbers, or of ubllradt quan¬ 
tities; and is performed by the common numeral or 
Arabic characters. 

Political Arith METic,is the application of arithmetic 
to political fubjeds; fuch as, the fircugth and revenues 
of nations, the number of people, births, burials, &c. 
See Political Arithmetic. To this head may alfo be 
referred the do&rinc of Chances, Gaming, &c. 

Arithmetic of Radicals , Nationals, and Irrationals. 
Sec Radical, &c. 

Se.xag.fimn/ or Sexagenary Arithmetic, is.tbat which 
proceeds by I’m its ; or the dodtrine of fcxagefimnl frac¬ 
tions: a method which, it is fuppofed, was invented by 
Ptolemy, in the 2d century ; at lead they were ufed by 
him. In ibis notation, the integral numbers from 1 to 59 
were exprefled in the common way, by the alphabetical 
letters: then fixty was called a Jixagenn prima , and. 
marked with a dafii to the cliarudlcr, thus I >; twice 
fixty', or 120, thus 11'; and fo on to 59 times 60, or 
3 540, which is L 1 X'. Again, 60 times 60, or 3600, 
was called Jexagtnufeeunda, and marked with two daflics, 
thus l" ; twice 3600, thus IP'; and ten times 3600, 
thus X"; &e. And in this way the notation was con¬ 
tinued to any length. But when a number ltfs than 
fixty was to be joined with any of the l’exagcfimal in¬ 
tegers, their proper expreflion was annexed without the 
dafh: thus 4 times 60 and 25, is lV'XXV ; the fum 
of twice 60 and 10 times 3600 and 15, is X'Tl'XV. 
So near did the inventor of this method approach to 
the Arabic notation: inllead of the fexageiimal progref- 
finn, he had only to fubllitute decimal; and to make 
the figns of numbers, from 1 to 9, fituple characters, 
and to introduce another character, which (liould fig- 
nify nothing by itfelf, but fervingonly to fill upplaces- 
—The fexagenx integrorum were fuon laid afidc, in or¬ 
dinary 
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dinary calculations^ after the yitrodu&ion of the Arabic 
notation; but tbe fexagcfimal fra&ions continued till 
the invention of decimals, and indeed are fl.iH.ufed in tbe 
fubdivifions of the degrees of circular arcs and angles. 

Sam. Rcyher has invented a kind of fcxagenal rods, 
in imitation of Napier's hones, by means of which the 
fcxitgefimal arithmetic is eafily performed. 

• Specious Arithmetic, is that which gives the cal* 
cuius of quantities as defigned by the letters of the 
^alphabet j a method which was more generally intro¬ 
duced into algebra, by Vieta ; being the fame as literal 
arithmetic, or algebra.—Dr. Wallis has joined the nu¬ 
meral with the literal calculus ; by which means he has 
denionilrated the rules for fractions, proportions, ex- 
traflion of roots, &c 5 of which a compendium is given 
by himfelf, under the title of Elements Arithmetic*, 
in the year 1698. 

Tubular Arithmetic, is that in which the opera¬ 
tions of multiplication, divifion, See, are performed by 
means of tables calculated for that purpofe: fuch as 
thofc of Herwart, in 1610 ; and my tables of powers 
and products, publiflied by order of the Commiuioners 
of .Longitude, in 178 r. 

Tclratlic Arithmetic, is that in which only the 
four chara&ers o, 1, 2, 3 are tiled. A treatife of this 
kind of arithmetic is extant, by Eihard or Echard 
Weigel. But botli this, and binary arithmetic, arc lit¬ 
tle better than curinfities, efpecially with regard to prac¬ 
tice ; as all numbers are much more compciulioufly and 
conveniently exprefled by the common decuple fade. 

Vulgar, or Common Arithmetic, is that which is 
converl’ant about integers and vulgar fractions. 

Univtrfnl Arithmetic, is the name given by New¬ 
ton to the fcience of algebra; of which he left at Cam¬ 
bridge an excellent treatife, being the text-book drawn 
up for the ufe of his le&ures, while he was. profeflbr of 
Mathematics in that Univerfity. 

ARITHMETICAL, fomething relating to or after 
the maimer of arithmetic. 

Arithmetical Complement , of a logarithm, is what 
the logarithm wants of io*ocooo &c; and the eafieft 
way to iind it is, beginning at the left hand, to fubtra& 
every ligurc from 9, mid the laft from 10. So, the arith¬ 
metical complement of 8*2501396 is 1*7498604.-11 
is commonly ufed in trigonometrical calculations, when 
the fivlt term of a proportion is not radius ; in that 
cafe, adding all together, the logarithms of the 3d, 2d, 
and arithmetical complement of the ill term. 

Arithmetical lujlruments, or Machim x, arc inflru- 
ments for performing arithmetical computations; fuch 
as Napier’s bones, fcales, Hiding rules, Pafcal’s ma¬ 
chine, &c. 

Arithmetical Mean, or Medium, is the middle 
term of three quantities in arithmetical progreflion; and 
is always equal to half the fum of the extremes. So, an 
arithmetical mean between- 3 and 7, is 3 ; and between 
... a - 4 - b 

a and 0 , is —, or %a + 
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Arithmetical Progreflion, is a ferics of three or 
more quantities that have all the fame comriton differ¬ 
ence : as 3, 5, 7, &c, which have the common difference 
2 ; and a, a -+ d, a +• ad, &c, which have all the fame 
difference d. 

Vol.L 


In an arithmetical progreflion, the chief properties 
are thefe: ift, The fum of any two terms, is equal to 
the fum of every other two that are taken at equal dis¬ 
tances from the two former, and equal to double the 
middle term when there is one equally dilUnf between 
thofc two: fo, in the feries o, 1, 2, 3, 4, 5, 6 , &c, 
0+6 = 1+5 = 14.4=: twice $ or 6.—2d, The 
ium of all the terms of any arithmetical progreflion, is 
equal to the fum of as many terms of which each is the 
arithmetical mean between the extremes; or equal to 
half the fum of the extremes multiplied by the number 
of terms: fo, the fum of thefe tcu terms o, 1, 2, 3,4, 

Jj 6, 7, 8, 9, is x 10, or 9 x 5, which is 45 ; 

and the reafon of this will appear by inverting tbe terms, 
felting them under the former terms, ami adding each 
two together, which will make double the fame feries; 

thus o, I, 2, 3, 4, 5, 6, 7, 8, 9, 

inverted 9, 8, 7, 6 , 5, 4. 3, 2, 1,0, 

fums 9, g, 9, 9, 9, 9, 9, 9, 9 91 

where the double ferics being the fame number of 9’#, 
or fum of the extremes, the Angle feries mutt be the half 
of that fum.—3d, The laft, or any term, of fuch a 
feries, is equal to the fiift term, with tlie product added 
of the common difference multiplied by 1 lefs than the 
number of terms, when the feries afeends or incrcafes ; 
or the fame produdl fubtrafted when the feries defeenda 
or Uccreafes: fo, of the feries 1, 2, 3, 4, &c, whofc 
common difference is 1, the, 30th term is 1 -+ t X 49, 
or 1 +• 49, that is 50; and of the feries 50, 49, 48, 
&c, the 50th term is 50 - 1 x 49, or 50 — 49, which 
is 1. Alfo, if a denote the lead term, 

8 the grtateft term, 
d the common difference, 

» the number of the terms, 
and j the fum of them all; 

then the principal properties arc exprefled by thefe 
equations, viz, 

3 sr a + d. n — 1, 
a ~ x — d, n — 1, 
s = a + « . fw, 
s = *5 — id.n — r . 
s = a -+ \d .« — I. 

Moreover, when the firft term a, is o or nothing; the 

theorems become % = d.n — 1. 

and s as i *«. . 

Arithmetical Proportion, is when the difference 
between two terms, is equal to tlie difference between 
other two terms. So. the four terms, 2, 4, 10,12, are 
in arithmetical proportion, becaufe the difference be¬ 
tween 2 and 4, which is 2, is equal to the difference 
between 10 and 12.—The principal property, bcfidcs 
the above, and which indeed depends upon it, is this, 
that the fum of the firft. and laft, is equal to the fum of 
the two means: fo 2 •+ iz, or the fum of z and 12, is 
equal 4 + io, or the .fum of 42nd 10, which is 14. 

U ArIth- 
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Arithmetical Ratio, !■ the Tame as the r difference 
of any two termsfo, the arithmetical ratio of the 
feries a, 4, 6, 8, is 2; and the arithmetical ratio of a 
and b, is a — b. 

Aa ithmetical Scales, a name given by M. de 
Buffon, in the Memoirs of tbe Acad. for 174 >, to differ¬ 
ent progreflions of numbers, according to which, arith¬ 
metical computations might be made. It has already 
been remarked above, that our common decuple fcale 
of numbers was probably derived from the number of 
fingers on the two hands, by means of which the carlieft 
and moft natural mode of computation was performed; 
and that other fcalcs of numbers, formed in a fimilar 
way, but of a different number of chambers, have been 
devifed ; fuch as the binary and tctra&ic feales of arith¬ 
metic. In the memoir above cited, Buffon gives a 
Ihort and fimple method to find, at once, the manner of 
writing down a number given in any fcale of numbers 
whatever; with remarks on different fcalcs. The ge¬ 
neral effect of any number of characters, different from 
ten, iq, that by a fmaller number of ohura&ers, any 
given number would require more places of figures to 
cxprcfii or denote it by, but then arithmetical calcula¬ 
tions, by multiplication and divifion, would be eafier, 
as the fmall numbers 2, 3, 4, &c, arc eafier to ufo than 
the larger 7, 8, 9 ; and by employing more than ten 
characters, although any given number would be ex- 
prefled by fewer of them, yet the calculations in aritli 
metic would be more difficult, as by the larger numbers 
il, 12, 13, &c. It is therefore concluded, upon the 
whole, that the ordinary decuple fcale is a good con¬ 
venient medium amongft them all, the numbers expreffed 
being tolerably fhort and compendious, and no Tingle 
character reprefenting too large a number. The fame 
might alfo be faid, and perhaps more, of a duodecimal 
fcale,’ by twelve characters, which would exprefs all 
numbers iu a more compendious way than the decuple 
one, and yet no fingle character would reprefent a 
number too large to compute by; as is confirmed 
by the now common practice of extending the 
multiplication table, in fchool books, to 12 numbers 
or dimeafions, each way, inflead of 10; and every 
perfon is taught, with fufficient eafe, to multiply 
and divide by 11 and 1 a as eafily as by 8 or 9 or 10. 
Another convenience might be added, namely, that the 
number 12 admitting of more fubmultiples than the 
number 10, there would be fewer expreflions of intcr- 
minate fractions in that way than in decimals. So that 
on all accounts, it is very probable that the duodecimal 
would be the bell of any fcale of numbers whatever. 

Arithmetical Triangle . See Arithmetical Tai- 

ANCI-E. 

ARMED. A magnet or loadflone is faid to be armed, 
when it is capped, cafed, or fet in iron or fieri; to 
make it take up a greater weight; and alfo readily to 
diftingulfh its poles- 

It is furprifing, that a little iron faftened to the poles 
of a magnet, fhould fo greatly improve its power, as 
to make it even 150 times ftronger, or. more, than it 
is naturally, or when unarmed. The effeCt however, 
It Teems, is not uniform; but that fome magnets, by 
arming, spin much more, and others much lefs, than 
one would expeCt; and that fome magnets even lofe 
fame of their efficacy by armii^. In general, however, 


the thicknefs of the iron armour ougfit to be nearly pro* 
portioned to the natural ftrcngth of the magnet; giving 
thick irons to a ftrong magnet, and to the weaker once 
thinner: fo that, a magnet may eafily lie over-loaded. 

The ufual armour of a load-ttone, in form of a right- 
angled pnrallelopipedon, confiits of two thin piece; of 
iron or tied, of a fquare figure, and of a thicknefs"pro¬ 
portioned to the goodnefs of the ilone; the proper thick- 
nets being found by trials; always filing it thinner and 
thinner, till the efteCl be found to be the greateft pofi 
fible.—The armour of a fpherical load-llone, confiUs, 4 f 
two fled fhells, faftened together by a joint, and coveting 
a good part of the convexity of the itonc. This alfo is to 
be tiled away, till the effeCt is found to be the greateft. 

Kirchcr, in his book de Magnete, fays, that the 
beft way to arm a load-flone, is to drill a hole 
through the flone, from pole to pole, in which in 
to be placed a ft eel rod of a moderate length; this 
rod, he aflerts, will take up more weight at the end, 
than the flone itfelf when armed in the common way. 
And Gaffendus and Cabxus preferibe the fame method 
of arming. But Mufchenbroek found, by repeated 
trials, that the ufual armour already mentioned, is pre¬ 
ferable to Kircher’s; and he gives the following direc¬ 
tions for preparing it. When, by means of ftecl filings 
and a fmall needle, the poles of a magnet have been dif- 
covered, be dircCts that the adjacent parts fhould be 
rubbed or ground into parallel planes, without fhorten- 
ing the polar axis; and the magnet may be afterwards 
fhaped into the figure of A cube or parallelopipedon, or 
any other figure that may be more convenient. Plates 
of the fofteft iron are then prepared, of the fame length 
and breadth with the whole polar Tides of the magnet: 
the thicknefs of which plates, fo as that they may ad¬ 
mit and corfvcy the greateft quantity of the magnetic 
virtue, is to be previoufly determined by experiment, 
in a manner which he preferibes for the purpofe. A 
thicker piece of iron is to be annexed at right angles 
to thefc plates, which is called pes armature , the foot 
or bafe of the armour: then the plates, nicely fmoothed 
and polifhed, are to be firmly attached to cadi of the 
polar fides, whilft the thicker part or bafe is brought 
into clofe contact with the lower part of the magnet. 
In this way, he fays, almoft all the magnetic virtue if- 
filing from the poles, enters into the armour, is dire&ed 
to the bafe, and condenfcd by means of its roundnefs, 
fo as to fiiilain the greateft weight of iron. Pbyf. Expen. 
and Gcom. Piffcrt. 1720, pa. 131. 

ARMILLARY Sphere, a name given t« the arti¬ 
ficial fphere, compofcd of a number of circles of metal, 
wood, or paper, which reprefent the Several circles of 
the fyflem of the world, put together in their natural 
order. It ferves to affift the imagination to conceive 
the difpnfition of the heavens, and the motion of the 
celeftiai bodies. 

This fphere is reptrefented at Plate II, Fig-6, where 
P and < 5 reprefent the poles of the world, AD the 
equator, EL the ecliptic and zodiac, PAGD the me¬ 
ridian, or the folflitial colure, T the earth, FG the 
tropic of cancer, HT the tropic of capricorn, MN 
the ar£tic circle, OV the antaraic, N and O the poles 
of the ecliptic, and RS the horizon. 

The Armillary fphere conftrnftcd not tong fince by 
Dr. Long, in Pembroke-hall, Cambridge, is 18 feet m 

diameter; 
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diameter} and will contain more than 30 perfons fitting 
within it, to view, u from a centre, the reprefehtation 
of the ceieftiat fpheres. The lower part of the fphere, 
which is not vifible to England, is cut off} and the whole 
apparatus is fo contrived, that it may be turned round 
with as little labour as is employed to wind up a com* 
mob jack. 

See alfo Mr. Fcrgufon’s fphere in his Le&ures, 
P* * 94 * 

l Armillary Trigonometer, an inftrument firft con¬ 
trived by Mr. Mungo Murray, and improved by Mr. 
TehRiifon, confiding of five femicircles; viz, meridian, 
vertical circle, horizon, hour circle, and equator; fo 
adapted to each other by joints and hinges, and fo di¬ 
vided and graduated, as to ferre for expeditioufiy re¬ 
volving many problems in aftronomy, dialling, and fplie- 
rical trigonomttry. The drawing, defcription, and 
method of uling it, may be feen in Fcrgufon’s Trafts, 
pa. So, &c. 

ARTIFICIAL Numbers, Sines, Tangents, &c, are 
the fame as the Logarithms of the natural numbers, 
fines, tangents, &c. 

ARTILLERY, the'hcavy equipage of war; com¬ 
prehending all forts of large fire-arms, with their ap¬ 
purtenances ; as cannon, mortars, howitzers, balls, (hells, 
petards, mufquets, carbines, &c ; being wliat is other- 
wife called Ordnance. The term is alto applied to the 
larger inlirumcnts of war ufed by the ancients, as the 
catapult, balifta, battering ram, See. 

The term jtrtiUcry, or Royal Artillery, is alfo applied 
to the perfons employed in that fervicc; and likewife to 
the art or fcicnce itklf; and formerly it was ufed for 
what is otherwife called pyrotechnia , or the ait of fire¬ 
works, with the apparatus and inilruments belonging 
to the fame. 

There have been many authors on the fubjeft of ar¬ 
tillery ; the principal of which are, Buchcrius, Brauns- 
us, Tartalea, Collado, Sardi, Ufano, Hanzelet, Digges, 
Morctti, Simienowitz, Mieth, d’Avelour, Manellbn, 
Mallet, St.Julicn; and the later authors, of Hill more 
confequenoc, are Belidor, St. Rcmy, lc IMond, Valiere, 
Morogue, 1 ’uget, Coudray, Robins, Muller, Euler, 
Antoni, Tignola, Schcclc; to which may be added the 
extenlive and accurate experiments published in my 
ill vol. of Tta&s, and in the Philof. Tranf. for 1778. 

Park of Artillery, is that place in a camp which 
is Art apart for the Artillery, or large lire arms. 

Trade or Train of Artillery, a number of pieces 
of ordnance, mounted on carriages, with all their fur¬ 
niture fit for marching. To this commonly belong 
mortars, cannon, balls, fliclls, &e. — There are trains 
of Aitiilery in mod of the royal magazines; as in the 
Tower, at Portliuouth, Plymouth, &c, but, above all, 
at Woolwich, from wh-ncc the (hips commonly receive 
their ordnance, aud where they are all completely proved 
before they are received into the public ferviee. 

The office 1 b and men of the artillery were formerly 
called alfo the Train of Artillery, hut are now called the 
Royal Regiment of Artillery; confiding at prefent of 
four battalions, befidcs a battalion of invalids, and 
Jour troops of Uorfc or Cavalry Artillery. 

ASCENDANT, in Ajlndogy, denotes the hoio- 
fcopc ; or the degree of the ecliptic which rifes upon the 
horizon, at the time of the birth of any one.—This, 


it is fuppofed, has an influence on the perfon’s life anf 
fortune, by giving him a bent and propenfity to one 
thing more than other.—In the (Hence of Aftrology, 
this is called the firft houfc, the Oriental angle, or 
angle of the Eaft, and the fignificator of life: and the 
allrologer fays, fucH a planet ruled in liis Afcendant, or 
Jupiter was m his Afcendant, &c. 

ASCENDING, in Aftronomy, a term ufed to de¬ 
note any ftar, or degree, or other point of the heavens, 
riling above the horizon. 

Ascending Latitude, is the latitude of a planet 
when going towards the north. 

Ascenuino Node , is that point of a planet’s orbit 
where it erodes the ecliptic, in proceeding northward. 
It is otherwife called the Northern Node, and is de¬ 
noted by this character Si, reprefenting a node, or 
knot, with the larger part upwards; like as the fame 
character reverfed is ufed to denote the oppofitc, or 
Dcfcending Node. 

Ascending Signs, are fuch as are upon their afeent, 
or rife, from the nadir or loweft point of the heavens, 
towards the zenith, or higheft point. 

ASCENSION-Day, otherwife called Holy Tburfday, 
is a feftival of the church, held 10 days before Whit- 
fuuday, in memory of our Saviour’s Afcenfion. 

ASCENSION, ;n Aftronomy, is either Right or 
Oblique. 

Right Ascension of the fun, or of a ftar, is that 
degree of the equino&ial, accounted from the beginning 
of Aries, which rifes with them, in a right fphere.— 
Or, Right Afcenfion, is that point of the equinoctial, 
counted as before, which comes to the meridian with 
the fun or ftar, or other point of the heavens. And 
the rcafon of thus referring it to the meridian, is, be- 
caufe this is always at right angles to the equinoctial; 
whereas the horizon is fo only in. a right 0% diredt 
fphere.—The right afcenfion, (lands oppofed to the 
right defeenfion; and is iimilar to the longitude of 

f daces on the earth. All the fried (tars, See, which 
lave the fame right-afeenfion, that is, which are at the 
fame diftance from the firft point of Aties, or, which 
comes to the fame thing, which arc in the fame meri¬ 
dian, rife at the fame time in a right fphere, namely 
to the people who live at the equator. And if they 
be not in the fame meridian, the difference between 
their times of riling, or of coming to the meridian of 
any place, is the prccife difference of their right af¬ 
cenfion.—But, in an oblique fphere, where the horizon 
cuts all the meridians obliquely, different points of the 
fame meridian never rife or fet together: fo that two or 
more ftars on the fame meridian, or having the fame 
right afcenfion, never rife or fet at the fame time in an 
oblique fphere; and the more oblique the fphere is, the 
greater is the interval of time between them. 

To find the right al'cenlion of the fun, ftais. See, 
by Trigonometry, fay. As radius is to the coline of the 
fun’s grcatelt declination, or obliquity of the ecliptic, 
fo is the tangent of the fun’s or liar's longitude, to the 
tangent of the right afcenfion. 

Right Ascension of the Mid-heaven, often ufed hv 
aftronomers, efpecially in calculating eclipfes by means 
of the nnnngdimai degree, is the right afcenfion of that 
pjint of the equator which is in the meridian ; and it 
is equal to the fum of the fim's right afceuilon and 
U 2 the 
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the homy Single or true time reduced to degrees, or to 
the fum of the mean longitude and mean time. 

Oblique Ascension, ib an arch of the equator inter¬ 
cepted between the fir It point of Aries, and that point 
of the equator which rifts together with the tlar, &c, in 
an oblique fphere.—The Oblique Afcenfiot) is counted 
from well to call; and is greater or lefs, according to the 
various obliquity of the fphere.—To find the Oblique 
Afcenfion of the fun, fee Ascensional and Globe. 

The Arch of Oblique Afcenfion , is an arch of the hori¬ 
zon intercepted between the beginning of Aries, and the 
point of the equator which rifes with a liar or planet, in an 
oblique fphere 5 and it varies with the latitudeof the place. 

Refrallitm of Ascension and Defccnfiun. See Re¬ 
traction. 

ASCENSIONAL Difference, is the difference 
between the right and obtique afcenfion of the fame 
point on the Curface of the fphere. Or it is the time 
the fun rifes or fets before or after 6 o’clock. 

To find the Afcenfional Difference, having given 
the fun’s declination and the latitude of the place, fay. 
As radius is to the tangent of the latitude, fo is the 
tangent of the fun’s declination to the fine of the 
Afeenfional Difference fought. The fun’s Afcenfional 
Difference converted into time, (hewB how much he rifes 
before, or fets after, 6 o’clock. When the fun has north 
declination, the right afcenfion is greater than the ob¬ 
lique ; but the contrary, when the fun has fouth de¬ 
clination; and the difference, in either cafe, is the 
Afcenfional Difference. 

ASCENT, the motion of a body from below tend¬ 
ing upwards; or the continual rccefs of a body from 
the earth, or from fome other centie of force.' And 
it is oppofed to ehfent, or motion downwards. 

The Peripatetics attributed the fpontaneous afeent of 
bodies to a principle of levity, inherent iu them. But 
the moderns deny that there is any fuch thing as fpon- 
taucous levity; and they (hew, that whatever afeends, 
docs foby virtue of fume external impulfeor extrufion. 
Thus ii. is that fmokc, and other rare bodies, afeend in 
the atnrofphere; and oil, light woods, &c, in water: 
not by any inherent principle of levity ; but by the 
fuperior gravity, or tendency downwards of the medium 
in which they afeend and float. 

The afeent of light bodies in heavy mediums, is pro- 
duced after the fame manner as thealcent of the lighter 
fcale of a balance. It is not that fuch fcak- has an 
internal principle, by which it immediately tends up¬ 
wards; but it is impelled upwards by the preponderancy 
of the other fcale ; the excefs of the weight in the one 
having the fame effeft, by augmenting its impetus 
downwards, as fo much real levity in the other: be* 
caufe the tendencies mutually oppofe each other, and 
aftion and rcaftion are always equal.—See this farther 
flluftrated under the articles Fluid, and Specific 
Gravity, 

Ascent of Bodies on Inclined Planes. See the doc¬ 
trine and laws of them under Inclined Plane. 

Ascent of Fluids , is particularly underftood of 
their riling above their own level, between the furfaces 
of nearly contiguous bodieB, or in flendcr capillary glafs 
tubes, of. in veffels filled with fand, allies, or the like 
porous fubltances. Which is an effeft that takes place 
as well in vacuot as in the open air, and in crooked, 


as well as ilraight tubes. . Indeed fome fluids afeend 
fvriftcr than others, as fpirit of wine, and oil of tur¬ 
pentine ; and fome rife after a different manner from 
others. The phenomenon, with its caufes, &c, in the 
inftance of capillary tubes, will be treated more at large 
under Capillary Tube. 

As to planes : Two fmooth polilhed plates of glafs, 
metal, ftone, or other matter, being placed almoft con¬ 
tiguous, have the effeft of fcvcral capillary tubes, and the 
fluid rifes in them accordingly: the like may be faid »i 
a vcffel filled with fand, &c; the various {mail interfiles 
of which form, as it were, a kind of capillary tribes. 
So that the fame principle accounts for the appearance 
in them all. And to the fame caufe may probably be 
aferibed the afeent of the fap in vegetables. And on 
this fubjeft Sir I. Newton fays, “ If a large pipe of 
glafs be filled with lifted allies, well prefled together, 
and one end dipped into ftagnant water, the fluid 
will afeend flowly in the afhes, to as in the fpace of a 
week or fortnight, to reach the height of 30 or 40 
inches above the ftagnant water. This afeent is wholly- 
owing to the aftion of ihofe particles of the allies which 
are upon the furface of the elevated water ; thofc within 
the water attracting as much downwards as upwards : 
it follows, that the action of fuch particles is very Itrong; 
though being lefs denfe and dole than thofc of glals, 
their a ft ion is not equal to that of glafs, which keeps 
quickfilver fufpended to the height of 60 or 70 inches, 
and therefore afts with a force which would keep wa¬ 
ter fufpended to the height of above fio teet. By the 
fame principle, a fpunge fucks in water, and the glands 
in the bodies of animals, according to their fevcrnl na¬ 
tures and difpofitions, imbibe various juices from the 
blood.” Optics, pa. 367. 

Again, if a drop of water, oil, or other fluid, be 
dropped upon a glafs plane, perpendicular to the ho¬ 
rizon, fo as to Hand without breaking, or running off;, 
and another plane touching it at one end, be gradually 
inclined towards the former, till it touch the drop ; then 
will the drop break; and move along towards the touch¬ 
ing end of the planes; and it will move the fuller in 
proportion as it proceeds farther,‘bccaufc the dillance 
between the planes is conftantly diminilhing. And af¬ 
ter the fame mariner, the drop may be brought to any 
part of the planes, cither upward or downward, or tide¬ 
ways, by altering the angle of inclination. 

Latlly, if the fame perpendicular planes he fo placed, 
as that two of their Tides meet, and form a fmall angle, 
the other two being only kept apart by the interpolation 
of fome thin body; and thus immerged in a fluid, tinged 
with fome colour to render it viiible; the fluid will 
afeend between the planes, and that the higheft where 
the planes are neareit; fo as to form a curve line which 
is found to be a true liyperbola, of which one of the 
afymptotes is the line of the fluid, the other being a 
line drawn along the touching tides. 

And the phyfical caufe of all thefc phenomena, is the 
fame power of attraftion. 

Ascent of Vapour. See Cloud and Vafour. 

Ascent, in Aftronomy, &c. See Ascension. 

Ascii, are tbofe inhabitants of the globe, who, at 
certain times of the year, have no thadow. Such are the 
inhabitants of the torrid zone, who twice a year having 
the fun at noon in their zenith, have then no thadow. 

ASELLI* 
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ASELX.I, two fixed flan of tbe fourth magnitude, 
in the conftcllation Cancer. 

ASH-Wednesday, the firft day of Lent, fuppofcd 
to have been fo called from a cud am in the church, of 
fprinkling alhes that day on the heads of penitents then 
admitted to penance. 

ASPEC 1 , is the Situation of the liars and planets in 
refpedl of each other. Or, in Aftrology, it denotes a 
Certain configuration and mutual relation between the 
ptoncts, arifing from their fituations in the, zodiac, by 
wH^ch it is fuppofed that their powers are mutually either 
incnmfcd or diminilhed, as they happen to agree or dif- 
agree in their aftive'or paffive qualities. Though fuch 
configurations may be varied and combined a thoufand 
ways, yet only a few of them are confidercd. Hence, 
Wolfius more accurately defines afpeft to be, the meet* 
ing of luminous rays emitted from two planets to the 
earth, either pofited in the fame right line, or including 
an angle which is an aliquot part, or fomc number of 
aliquot parts, of four right angles, or of 360 degrees. 

The doctrine of afpe&s was introduced by the aftro- 
logers, as the foundation of their predi&ions. And 
hence Kepler defines afpeft to be, an angle formed by 
the rays of two planets meeting on the earth, capable of 
exciting fome natural power or influence. 

The ancients reckoned five afpedts, viz, conjunction, 
fexti/e, quartik, trine, and oppojition . 

Conjuntlion is denoted by this character d , and is 
when the planets arc in the fame fign and degree, or 
have the fame longitude. 

Sextile is denoted by ■$£, and is when the planets 
are diftant by the 6lh part of a circle, or 2 figns, or 
60 degrees. 

uart 'ilc is denoted by □, and is when the planets 
arc diliant -£ of the circle, or 90 degrees, or 3 figns. 

Trine is denoted by A, and is when the planets are 
diilant by 3 of the circle, or 4 figns, or 120 degrees. 
And 

Oppofttion is denoted by g , and is when the planets 
arc in oppofite points of the circle, or differ by * the 
circle, or 6 figns, or 180 degrees of longitude. 

Or their characters and dillances are as in this fol¬ 
lowing tablet* 

NAME. CHARACTER. DISTANCE 

Conjunction - o° 

Sextile - - - ■$$. Co 

Quartilc - - □ 90 

Trine ... & 120 

Oppofttion - g 180 

Thefe intervals are reckoned according to the longi¬ 
tudes of the planets } fo that the aipedts are the fame, 
whether the planet be in the ecliptic or out of it. 

To the live ancient afpedts, modern writers have 
added feveral more : as decile, for the 10th part of a 
circle; tridecile , or ; and biquintile, or \ of a circle. 

And Kepler adds others, from meteorological obferva- 
tions, as lie tells us: as the femifextile, being or 30°; 

and quincunx, or Art or 1.50°. Laftly, to the aftrolo- 
gical phyficians, &c, we owe oSih, or {j trioQile, or 
and quintile, \ of the circle. 

The afpe&s are divided with regard to their fup¬ 
pofed influences, into benign, malign, and indifferent. 


The trine and Textile afpedl* being efteemed benign 
or friendly ; the quartfie and oppoiitipn, malign or ttihs 
friendly; and the conjundliun an indifferent alpedU 

xtfpetn are alfo dtftinguifhed into partite and plqtie. 

Partite Aspect, is when the planets are juft fo 
many degrees diilant, as are expreffed above; And- 
thefe only are the proper afpe&s. 

Platic Aspect, is when the planets do not regard 
each other exadliy from thefe very degrees of diftance; 
but the one exceeding as much as the other falls fhort. 
So that the one does not call its rays immediately on 
the body of the other, but only, on its orb or fphere of 
light. 

ASPERITY, fignifies the inequality or roughnefs 
of the furface of any body; by which ibme parts of it 
are more prominent than the reft, fo as to hinder the 
hand, &c, from palling over it with cafe and freedom ; 
and thus producing what is called fridtion.—Afperity, 
or ronghnefs, lianas oppofed to fmoothnefs, evepnets, 
politurc, &c. 

According to the relations of German fen, the blind 
man fo celebrated for diltinguifliing colours by the 
touch, it feenis that every colour has its peculiar degree 
and kind of afperity. ITe makes black the roughed, 
as it is the (Jarkeft of colours ; but. tlic others are hot 
fmoother in proportion as they are lighter j that is, 
the rougheft do not always rcfledl the lead light: for, 
according to him, yellow is two degrees rougher than 
blue, and as much fmoother than green. See Colours. 

ASSIGNABLE Magnitude, is ufed for any finite 
magnitude that can be expreffed or denoted. And, 

Assignable Ratio, for any exprcffible ratio. 

ASSUMPTION, a feaft celebrated in the Romilh 
church, in honour of the miraculous afeent of the 
Holy Virgin, as they deferibe it, body and foul, into 
heaven. Jt is kept on the ijth of Auguil. 

ASSURANCE on Lives, a compact by whifh fe- 
curity is granted for the payment of a cettain fum of 
money on the expiration of the life on which the policy 
is granted, in confidcration of fuch a previous payment 
made to the affurer ns is accounted a fufficient compen- 
fation for the lofs and hazard to which he expofts 
hirofclf. 

The fum at which thin compenfation {hould be va¬ 
lued* depends principally on tlicfc two circumftances, 
viz, ill, On the rate of inteiefl given for the u(e of , 
money ; and 2d, On. the probability of the duration 
of the life affured, and the values of annuities. .For, 
id, If the filtered of money be high, the value of the 
affurance will be proportionally low, & c contra ; be- 
caufe the higher the rate of mtereil, the lefs will be 
the prefent value which amounts to a certain propofed 
fum in any given time. Alfo, if the probability of 
the duration of life be high, the value of the affurance 
wifi again be proportionably low, £5* i contra; be¬ 
cause the longer the time is, the lefs will be the principal 
which will amount to any afiigned fum. Thus, if it 
be required to know the premium or. prefent value, 
to be given for 100 pounds to be received at tbe end 
of any time, as fuppofe 10 years; then, if the filtered 
of money be at the rate of 5 per cent, the anfwcr, or 
prefent premium, would be 61I. 7s. jod; but at four 
per cent, it would be 67J. iis. id ; and at 3 per cent, it 
would amount to 74L 8s. 2d. Again, fuppofe it were 

required 
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# required to eHure loohon slife, for any tine, for in- 
lUnce 1 year; that it, let 100L be fuppofed to be pay¬ 
able a year hence, provided a life of a given age fail* 
in that time: here it it evident that, whatever be the 
rate of intend, the left the probability of the life 
Failing within the year, the left the rifle is, and the left 
-the premium ought to be. In effeft, tbe rate of in- 
tereft bong 5 per cent, if it were fine that the life 
would fail in that year, the value of the affurance 
would be the fame as the prefent value of tool, pay¬ 
able at the end of the year, which is 95I. 43.9d. But, 
if it be an equal chance whether the life docs or does 
not fail in the year, in which cafe the probability of 
failing is £; then the value of the aifurance will be but 
half the former value, or 47I. 128. 4 id. Or if the odds 
againft its failing be as 2 to 1, that is, if one perfon out 
oF every 3 die at the age of the prnpofed life, the pro¬ 
bability of dying being only the value of the aifurance 

will be £ of the firft value, or 31I. 14s. I id. And if 
the odds be 19 to 1, or one perfou die out of 20, of 
that age, the probability of dying will be -,*?» and the 
value of the aifurance will alfo be i‘ B of the 'firft value, 
or 4J. 1 js. 3d. nearly. Laitly, if only one perfon die 
out of 50 at the given age, the probability of dying 
will be T * ff , and the value of the aifurance will be ac¬ 
cordingly only * of the firft fum, or tl. 18s. id: the 
intcreft of money being all along confidercd as after 
tbe rate of 5 percent.-—Now, accordingto Dr. Halley’s 
.table of obfervations, one perfon dies out of 3, at the 
"age of 87 ; one in 20 at the age of 64 ; and one in 
50 at the age of 39; It follows, therefore, that the 
value of the aifurance of lool. for one year, on a life 
aged 87, is 31I. 14s. (id ; on a life aged 64, it is 4]. 
15s. 3d; and on a life aged 39, it is il. iSs. id: 
reckoning intcreft at 5 percent. But iflntereft were 
rated at 3 per cent, theie values would be 32I. 7s. 3d, 
and 4L 178. id, and il. 18s. tod. 

The affurances moil commonly praft 1 fed, arc fuch as 
thefe, on Angle lives, and for Angle years. But many 
private aflurers, and even fome latge alluring offices, 
either from ignorance or impofition, pay no regard to 
any difference of age, but demand $1. from all ages 
-indifcriminatcly, for the aifurance of lool. for one 
year: a praftice very abfurd and inequitable; for it 
appears that this ir. more than the value of the affurance 
of a life of 64 years of age, and even more than double 
the value of the affurance of a life of 39 years of age; 
allowing the affuved to make 3 per cent, of the money 
be advances. 

When a life it affnred for any number of years; 
the premium or value may be paid, either in one 
Angle prefent payment; in confcquence of which the 
fum allured will become payable without any farther 
enmpenfation, whenever, within the giveu term, the 
life (ball happen to drop: or the value may be paid 
in annual payments, to be continued till the failure of 
the life, ihould that happen within the term; or, if not, 
till the determination of the term. And the deter¬ 
mination of the value of affurance, in all cafes, is to be 
made , out from the rules for computing annuities on 
iiwit ; the principal writers on which are Halley, De 
Moivre, Simpfon, Smart, Kerffebooin, De j’arcieux, 
Trice, Morgan, and Mafercs. See alfo Like Annu¬ 
ities, Reveksion, &c. 


Affurance* may be on Jtngh fives; as 

above explained j or they may be made on any number 
of joint fives, or on the longefi of any live*; that is, an 
affurer may bind htmfelf to pay any fums at the extinc¬ 
tion of any joint lives, or tne longefi of any lives, or at 
the extiu&ion of any one or two of any number of lives. 
There are further affurances on Airvivorlhips; by which , 
is meant an obligation, for the value received, to par,/ 
a given fum or annuity, provided a given life ihall Ap. 
vive any other given life or lives. For which fee Sur¬ 
vivorship. _ v* 

The principal offices for making thefe infurartCcs, in 
England, are the “ London and the Royal Exchange 
Aflurance Offices;” “the Amicable Society, incorpo¬ 
rated for a perpetual Affurance Office;” “ tlie Society 
for equitable Affurances on Lives and Survivorffiips 
and “ the Weftminller Society for granting Annuities 
and infurtng Money on Lives.” 

The Aril two of thefe offices, having chiefly in view 
affurances on (hips and lioufcs, deal but little in the way 
of affurances on lives; and all the bufim fs they tranfact 
in tl.t: way, is at 5I. for every tool, affured on a Angle 
life for a Angle year, without paying any regard to the 
ages of the lives affured. 

The next, or Amicable Society at Serjeant’s Inn, re¬ 
quires an animal payment of 5I. from every member 
during life, payable quarterly. The whole animal in¬ 
come, lienee ariftng, is equally divided among the no¬ 
minees, or heirs, of fuch members as die every year. 
But this foeiety engages that the dividends (hall not be 
lefs than 150I. to each claimant, though they may be 
more. No members are admitted whole ages ate greater 
than 45, or lets than 12; nor is any difference of con¬ 
tribution allowed on account of difl’erenoe of age. 
The foeiety has fubAfted ever Ance the year 1706, and 
its credit and ufeAilnefs are well ell ablifhed. 

The Equitable Society for Affurances on Lives and 
Survivorfliips, which mcet3 at Black-Friars’ Bridge, 
was dlablilhcd in the year 1762, in confcquence of 
propofals which bad been made, and lectures, recom¬ 
mending fuch a defign, which had been read by Mr. 
Dodfon, author of the Mathematical Hvpolitory. It 
aflures any fums or rcvcrlionary annuities, on any life 
or lives for any number of years, as well as for the whole 
continuance of the lives; and in any manner that may 
be heft adapted to the views of the per foils affured : that 
is, either by making the affmed fums payable certainly 
at the failure of any given lives; or on condition of 
AirvivOrlhip; and alfo, either by taking the price of the 
affurance m one prefent payment, or in annual pay¬ 
ments, during any Angle or joint lives, or any terms, 
lefs tluin the whole poifiblc duration of the lives. In 
(hort, there are bo kinds of affurances on lives and fur- 
vivorfhips, which this foeiety does not make. 

In doing this, the Society follows the rules which 
have been given by the bed mathematical ivritcison tbe 
doftrinc of Life Ann jitics and Rcverfions, particularly 
Mr. Thomas Simpfon, profeffor of Mathematics in the 
Royal Military Academy. It is to beobferved hovvevt r 
that the Society takes the advantage of making its calcu¬ 
lations on the fuppofition that the intcreft of money is at - 
fo low a rate as 3 per cent, inllend of the ufual interelt of 
4 per cent; which confequently raifes the infurance pi o- 
portionally higher; and it alfo founds its calculations 
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en the tables of thenrobabilitkt and values of HvefeJfi Thefe' rates are lo.per cent.lower than .the true n- 
London} apother circumftance Which' fecttres a very lues, according to thedecrements of life.fi London, 
advantageous profit to the Society, aa cxpeiaence hai reckoning intereft ft 3 per cent j but at the tame time, 
proved that the deaths are really iu a much lower n is to be obferycd that, for all age* under 50, they are 
proportion than according to thofe tables, fend even near one third higher than alUhe true values, according* 
lower than thofe of Dr. Halley, which are founded on to Dr. Hallcy's uble of the decrements of life at Bref- 
the bills of mortality of Drcilaw. By thefe means the law, and Dr. Price’s tables of the decrements of life at 
1 Society finding itfelf, by experience, well fecured againft Northampton and Norwich. But as the fociety his 
future hazards, and being unwilling to take from the lately found .that the decrements of life among^ its 
public an extravagant profit, have determined to reduce members have hitherto been lower than even thofe given, 
allvhe future payments for aflurances, one tenth, and in thefe laft tables, it may reafenably be expeded,that 
alfoynerouflf to return, to the perfons now afiured, they will in time reduce their rates of afiiuance to the 
one tenth of all the payments they have made: and it true values, as determined by thefe tables, 
feems there 1*9 reafon to cxpcA that this will be only a As to the IVeftminfler Society for granting Annuities, 
preparation to farther reduaion. and injuring Money on Live* , lately eitabliflied, viz, ip. 

From the foregoing account of this fociety, it is the year 1789, from the number and refpeliability of 
manifell that its bulinefs is fuch, that none but lkilful its members, the equitable terms upon which it pro- 
mathematicians arc qualified to conduA it. The inter- pofes to deal, and the known ability and accuracy of 
eft of the fociety therefore requires, that it Ihould make the mathematia’ans and calculators employed in con- 
tbe places of thofe who manage its bufinefs fufficiently dnding it, there is every reafouto expedt an honourable 
advantageous, to induce the ableft mathematicians to and equitable treatment of the public, and a permanent 
acctpt them : and this will render it the more neceflary continuance of its ufefulncfs. 

for the fociety to take care, in filling up any future va- ASTERISM, the fame with conftellation, or a 
cancies, to pay no regard to any other confederations colle&ion of many ftars, which are ufu^Dy represented, 
tlian the ability and integrity of the candidates. The on globes by fome particular image or figure, to dif- 
confcquence of granting good pay, will be a multitude tinguifh the ftars which compofe this conftcllation firum> 
of folicitations on every vacancy, from perfons who, thofe of others. 

however unqualified, will hope for fuccefs from their ASTR./E A, a name given by fome to the fign Virgo, 

connexions, and the intereft they are able to make, by others called Erigone, and fometimet Ifis. The 
And Ihould the fociety, in any future time, be led by pottsfeign that Juftice quitted heaven to refide on earth, 
fuch caufes to truft its bufineis in the hands of perfons in the golden age; but, growing weary of the iniqui- 
tiot poflefled of fufficient ability, as mathematicians and ties of mankind, flic left the earth, and returned to 
calculators, fuch miflakes may be committed, as may heaven, placing herfelf in that part of the zodiac called 
prove, in the higbeft degree, detrimental and danger- Virgo, where fhe became a conftdlation of ftars, and 
ous. TliA-e is reafon to believe, that at prefent the from her orb ft ill looks down 00 the ways of men. 
fociety is in no danger of this kind ; and one of the Ovid. Metam. Tib. i. ver. 149. 

great public advantages attending it, is, that it has ASTRAGAL, in Archite&urc, a fmall ^ound 
eftablifhed an office, where not only the bufinefs above moulding, which encompafles the top of the fuft or 
deferibed, is tranfafted with faithfulnefs and Ikill; but fhaft of a column, like a ring or hracelet. The fltaft 
where alfo all perfons, who want folutiohs of any quef- always terminates at top with an aftragal, and at bottom 
tions relating to life annuities and reverfions, may apply, with a fillet, which in this place is called oxia. 
and be fore of receiving juft anfwera. The following Astragal,, in Gunnery, is a kind of ring or mould- 
is a ing on a piece of ordnance* at about half a foot ttiftance 

— .... .... from the muzzle or mouth} ferving as an ornament t# 

Table of the rates of ajfurance on Jingle I,ves in the Society rf* guo , as the former does to a column. 

for Equitable AJfurances. The Sum ajfurtd tool. ASTRAL, fomethiug belonging to or depending 

on the ftars. 

Astral Tear , or Sidereal Tear. See Year. 
ASTRODICTICUM, an aftronomical inftrument 
fnventedby M. Weighel,by means of which many perfons 
fhall be able to view the fame ftarat the fame time. 

ASTROGNOSIA, the art of knowing the fixed 
ftars, their names, ranks, fituatione in the conftellations, 
and the like. 

ASTROLABE, from ftar, and AaptCsriw, 1 
take; alluding to iu ufe in taking, or obferving, the 




a word formed by corruption from the common Greek 
name.. 

Tin's name was originally ufed for a fyftem or afiem- 
blage of the feveral circles of the fphere, in their proper 
order and fituation with refpeft to each other. And 
the ancient inftrumenta were much the fame as our 
armillary fpheres. 

The 
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The fir ft, Ktid molt celebrated of this kind, wee that 
of Hipparchus, which he made at Alexandria, the ca¬ 
pital of Egypt, and lodged in a focure place, where it 
ferved for _ divers aftronomical operations. Ptolemy 
made the fame ufe of it: but as the inftrument had fe¬ 
ver al inconveniences, he contrived to change its figure, 
though perfectly natural, and agreeable to the doarine 
of the {phrre; and to reduce tne whole Ailrolabc to a 
plane futface, to which lie gave the name of the Pla- 
nijfhere. Hence, 

AtsrolaRE is ufed atnong the moderns for a Pla¬ 
nisphere , or a ftereograplric projection of the circles of 
the fphere upon the plane of one of the great circles; 
which is ufually cither the plane of the equinoCtial, the 
eye being then placed in the pole of the world; or that 
of the meridian, the eye being fuppofed in the point of 
intrrfcClion of the equinoCtial and horizon; or on that 
of the horizon. 

. The Aftrolabe has been treated at large by Stoffler, 
Gemma Frifhis, Clarius, &c. And for a farther ac¬ 
count of the nature and kinds of it, fee the article 
Planisphere. 

Astrolabe, or Sea Astrolabe, more particu¬ 
larly denotes an inftrument chiefly ufed for taking al¬ 
titudes at fca; as the altitude or the pole, the fun, or 
the ftars. 

The common Aftrolabe, reprefented Plate II, fig. 7, 
confiftsof a large brafs ring, about 15 inches in diameter, 
w’hofe limb, or a convenient part of it, is divided into 
'degrees and minutes. It is fitted with a moveable label 
or index, which turns upon the centre, and carries two 
lights; and having a fmall ring, at A, to hang it by 
in time of obfervation. 

To make ufe of the Aftrolabe in taking altitudes; 
fufpend it by the ring A, and turn It to the fun, &c, 
fo as that the rays may pafs freely through both the 
lights F and G ; then will the label cut or point out the 
altitude on the divided limb. There are many other ufes 
of the Aftrolabe; of which Clavius, Henrion, and 
others have written very largely. 

The Aftrolabe, though now grown into difufe, is 
by mapy efteemed equal to any other inftrument for 
taking the altitude at fca ; cfpceially between the tro¬ 
pics, where the fun comes near the zenith. 

ASTROLOGER, a perfon piofclfing or praClifing 
the art- of A Urology. 

ASTROLOGICAL, fomething relating to Aftro- 

0 £ X*strology, the art of foretelling future events, 
from the pofitions, afpeCts, and influences of the hea¬ 
venly bodies. 

The word is compounded of xpip, fiar, and Xoy»,-, 
jUfcaurfc; whence, in the literal fenfe of the term, Aftro- 
logy mould Hgnify no more than the tloBrine or fcience of 
ihefiart; Which indeed was'its original acceptation, and 
con (Hinted the itheient Aftrology ; which confided for¬ 
merly of both the branches now called Aftronomy and 
Aftrology, under the name of the latter only; and for 
the fake of making judiciary predictions it was that aftro- 
nomical obfervations, properly fo called, were chiefly 
made by the ancients. And though the two branches 
be now perfectly feparafedj and that of Aftrology aJ- 
moft univerfriTly reje&cd by nfen of real learning, this 
has but lately been the cafe, as their union fubfilted, in 


fome degree, from Ptolemy till Kepler; who had a fining 
bias towardslhe ancient aftrology. 

Aftrology may be divided into two branches, natural 
vaAjudiciary. ' 

To Natural Astrology belongs the predicting 
of natural effefts; fuch as the changes of weather, winds, 
ftorms, hurricanes, thunder, floods, earthquakes^H&c. 
Bnt this art properly belongs taPbyfiology. or Natural) 
Philofbphy ; and is only to be deduced, i pofleriori,, from 
phenomena and obfervations. And for this for^if 
Aftrology it is that Mr. Boyle makes an apology hr his 
Hiftory of the Ait. Its foundation and merits j^ay be 
gathered from what is faid under the articles Air, At¬ 
mosphere, and Weather, 

Judicial or Judiciary Astrology, which is what is 
commonly and properly called fi/lrology, is that which 
profefles to forctel moral events, or fuch as have a 
dependence on the free will and agency of man ; as if 
they were produced or directed by the ftars. 

The profeflors of this kind of Aftrology maintain, 
“That the heavens are one great volume or book, 
wherein God has written the hiftory of the world; and 
in which every man may read his own fortune, and the 
tranfaflions of his time. The art, fay they, had its rife 
from the fame hands as Aftronomy itfelf: while the an¬ 
cient Aflyrians, whofe ferene unclouded Iky favoured 
their ccleftial obfervations, were intent on tracing the 
paths and periods of the heavenly bodies, they difeovered 
a conftant, fettled relation of analogy, between them 
and things below; and hence were led to conclude 
tlrefc to be the Parca , the Detinues fo much talked 
of, which prefide at oui births, and (lifpofe of our fu¬ 
ture fate.” 

“The laws therefore of this relation being afeertnined 
by a feries of obfervations, ami the lliare each planet 
has therein ; by knowing the piceife time of any per¬ 
fon *s nativity, they were enabled, from their knowledge 
in aftronomy, to ereCt a fclicmc or horofeope of the fitu- 
atiou of the planets, at that point of time; and hence, 
by confidcring their degrees of power and influence, and 
how each was either ftrciigthened or tempered by fome 
other, to compute what mull be the rtfnlt thereof.” 

Judicial Aftrology, it is commonly faid, was invented 
in Chakkea, and from thence tranfmitted td the Egyp¬ 
tians, Greeks, and Romans; though fome infill that it 
was of Egyptian origin, and aferibe the invention to 
Cham! But it is to the Arabs that we owe it. At 
Rome the people were fo infatuated with it, that the 
aftrologcrs, or, as they were then called, the mathe¬ 
maticians, maintained llicir ground in fpite of all the 
edidts of the emperors to expel them out of the city. 
See Gesethliaci. 

Among the Indians, the Brnmirrs, who introduced 
and prndiifed this art in the Eaft, have hereby made 
themfelves the arbiters of good and evil hours, which, 
gives them great authority : they are confulted as ora¬ 
cles; and they have taken care always to fell their anfwers 
at good rates. 

The fame fuperftition has prevailed in more modern 
ages and nations. The French hiftorians remark, that 
in the tirtu- of queen Catharine de Media’s, Aftrology 
was fo much in vogue, that the moft mcnnfiderablc tiling 
was not to he done without coufulting the ftars. And 
in the reigns ef'king Iienry III. and IV. of France, the 
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predift'ortiof Aftrologeft mxv the cwrnmon tfcetnedf 
the court cwvTtrfJttion- And this predominant humour 
in that court warwellttllwd by Barclay, in h» Argents, 
lib, a, on becafion- of ail Aftrolcger, who bad under* 
taken to inftruA king Henry in the event of a war 
aiiich was theh threatened by the foAion of the Guiles. 

ASTROMETEORO I.OGI A, the atVt bfforetellmg 
the weather, and itschanges, from the afpclfits and coo* 
figurations of the moon and planets: a fpeclesof Aftro- 
l^y diftsnguilhed by foole under the denontinatiotl of 
meieorologieal aflrology. 

Astronomical, fomething relating to Aftro- 
momy. 

Astronomical Calendar, CharaPers, Column, Ho- 
risson, Hours, Month, Quadrant, Ring-Dial, Seller, Ta¬ 
lks, Teh/cefe, Time, Tear. See the fevend fubftantives. 

Astronomical Obfervations. Of thefe there arc 
records, or mention, in almoft all ages. It is faid that 
the Chinefe have obfervations for a coiirfeof many thou* 
fand years. But of thefe, as well as thofr of the Indians, 
we have neveryet had any benefit. Butrheobfervations of 
mod of the other ancients, as Babylonians, Greeks, &c, 
amongft which thofe of Hipparchus make a principal fi¬ 
gure, are carefully preferved by Ptolemy,in his Altnageft. 

About the year 880, Albateghi, a Saracen, applied 
himfelf to the making of obfervations j in which he 
was followed by others of the fame nation, as well as 
Perfinns and Tartars; among whom were Naffir-Eddin- 
Ettttfi, A ranch el, who alfo conftru&ed a table of fines, 
andUiug Bcigh. In 1457 Regiomontanus undertook 
the province at Norimberg ; and his difciplce, J. Wer¬ 
ner and Her. Walt her, continued the fame from 1475 
to 1504. Their obfervations were publifhed together 
in 1544.—In 1509, Copernicus, and after him the 
landgrave of Heffe, with his afliftants Rothman and 
Byrge, obferved; and after them Tycho Brahe, a (lifted 
hy the celebrated Kepler, from 1582 to 1601.—All the 
foregoing obfervations, together with Tycho’s appara¬ 
tus of iuftnnnents, are contained in ti c Hiftoria Cce- 
lcftis, publifhed in 1672, by order of the emperor Fer¬ 
dinand.—In 1651, wjs publifhed at fiononia, by Ricci- 
olus, Almageflum Novum, being a complete body of an¬ 
cient and modern obfervations, which he fo named after 
the work of the fame nature by Ptolemy—Soon after, 
lleveliuF, with a magnificent and well-contrived appara¬ 
tus of inftrijments, deferibed in his Machiua Curicftis, 
began acoutfeofobfervations. It hat,been objected tohirn, 
that he only ufed plain fights, and could never be brought 
to take the advantage of tdefcopic ones; which occa- 
lionerl Dr. Hook to write animadvei fions on Hevclius’s 
inltrumenl.s, printed iu 1674, in which he too rafhlv 
defpifes them, on account of their inaccuracy: but 
Dr. Halley, who at the inftancc of the Royal Society 
went over to Dant/.ick in the year 1679, to infpeft his 
inftruments, approved of their jtsflnefs, as well as of the 
obfervations made with them. See Sights. —Our 
two countrymen Jer. Horrox and Will. Crabtree, 
are celebrated for their obfervations from the year 163 j 
to 1645, who firil obferved the tianfit of Vcnus.over 
ihe fun in the year ifijq.—-They were followed by 
Vland!red, Cafiini the father and fon, Halley, de la 
Hire, Roemer, ant! Kirch ius.—'i’hc obfervations of the 
celebrated Dr. Bradley have not yet been puhlifhtd, 
though long expected. We have, alfo now published, 
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from thneto tithe, tire accurate obfervations of the pre- 
Tent Britifh Aftronom-er Royal: as alfo thofe of the 
French and ofchfcr oblfrVatorrrt, with the obfervations 
of many ingenious ^nivltte aftronomera, which are to be 
found in the TianfaAionsand Memoirs of the various 
Philofophical^Societics.-^-There have been alfo obferva¬ 
tions 01 many other emmtht aftronomers j at, Galileo, 
HuygeUs, ahd our countryman Harriot, whole very 
intewling obfervations have lately been brought to light 
by the earl of.Egremont, and count Bruhl, by whofe 
meads thiy mSy come to be publifltcd. Other publi¬ 
cations of celeftial obfervations, are thofe of Caffttri, 
La Caille, Monnicr, &c.— See farther under CEtxsrfAk, 
Obfervations, Catalogue, Obskrvatorv, &c. 

A-stronomical Place of a fear or pbuyet, is its lon¬ 
gitude; or place in the ecliptic, reckoned from the be¬ 
ginning of Aries, in cbrfquintia, or according to the 
order of the figns. 

’ A STRONG MICALS, a name nfed by fome writ¬ 
ers for fexagefimal fradiuns; on account of their ulc 
in aferonomical calculations. 

ASTRONOM 1 CUS Radius. See Radios. 

ASTRONOMY, the doftrine of the heavens, and 
their phenomena. 

Aftronomy is properly a mixed mathematical fcience, 
by which we become acquainted with the celeftial bo¬ 
dies, their motions, periods, eclipfes, magnitudes, diT- 
tances, and other phenomena. Some, however, ufider- 
ftand the term aftronomy iu a more extenfive fenfc, as 
comprifing in it the theory of the univerfe, with the 
primary laws of nature : in which fenfe it feems to br 
rather a branch of phyfics than of mathematics. 

Hi/lory of Jljlrontmy. 

The invention of aftronomy has been varioufly given, 
and aferibed to fcveral perlons, feveral nations and 
fevcral ages. Indeed it is probable that mankind never 
cxiftcd without fome knowledge of aftronomy amongft 
them. For, bcfidcs the motives of mere curioilty, 
which are fuflicient of theinfclves to have excited men 
to a contemplation of the glorious and varying celeftial 
canopy, it is obvious that fume parts of the fcience 
anfwcr fuch eflential purpofes to mankind, as to make 
the cultivation of it a matter of indifpenfable neceftity. 
Accordingly we find-traces ol it, in different degrees of 
improvement, among all nations. 

Adam, in his ftate of innocence, it is fttppofcd by 
fome of the Jewiih rabbins, was endowed with a know¬ 
ledge of the nature, influence, and ufes of the heavenly 
bodies ; and Jofephns aferibes to Seth and his poll ferity 
a confiderablc knowledge of aftronomy : he fpeaks of 
two pillars, the one of Hone and the other of brick, called 
the pillars of Seth, upon which they engraved the prin¬ 
ciples of the fcience; and he fays that the former was 
Hill entire in his time. But be this as it may, it is evi¬ 
dent that the great length of the antediluvian lives 
would afford fuch excellent opportunities for obferving 
the heavenly bodies, that we cannot but ftippofc that 
the fcience of aftronomy was couiider&hly advanced lie- 
fore the flood. Indeed Jofephus fays that longevity 
wi.s bed owed upon them for the very purpofe of culti¬ 
vating the fciences of geometry and aftronomy; obferv'-; 
ing that the latter could not be learned in lefts than 600 
years; “ for that period, he adds, is the grand year 1 .*’ 
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An expreffion remarkable enough; and by which it 
may be fuppofcd is meant the period in which the fun 
and moon come again into the lame fitnation in which 
they were at the beginning of it, with regard to the 
nodes, apogee of the moon, &c. u This,period, fays 
Caflini, of which we find no intimation in any monu¬ 
ment of any other nation, is the fineft period that ever 
was invented: for it brings out the folar year more ex- 
adly than that of Hipparchus and Ptolemy ; 'and the 
lunar month within about one fecond of what is deter¬ 
mined by modern aflronomers.” If the Antediluvians 
had fuch a period of 6co years, they mull have known 
the motions of the fun and moon more cxadly than 
their defendants knew them fome ages after the flood. 

On the building of the Tower of Babel, it is fup- 
pofed that Noah retired with his children, born after 
the flood, to the north-eaflern part of Afia, where his 
defendants peopled the vaft empire of China. And 
this, fays l)r. Long, “ may perhaps account for the 
Cbinefe having fo early cultivated the ftudy of aftro- 
somyu&c." It is faid that the Jrfuif mifiionarics have 
found traditional accounts among the Chinefe, of their 
having been taught this fcicnce by their fail emperor 
Fo-ht, who is fuppofed to be the fame with Noali ; and 
Kenpferafferts that Fo-hi difeovered the motions of the 
heavens, divided time into years and months, and invent¬ 
ed the it figns into which they divide the zodiac, and 
which they diilinguiih by tliefe names following; I, 
the moufe; 2, the ox or cow; 3, the tiger; 4, the 
hare ; 5, the dragon; 6, the ferpent; 7, the horfe ; 
8, the fhcep; 9, the monkey; 10, the cock or hen ; 
11, the dog; and, 12, the boar. They divide the hea¬ 
vens into 38 conilellations, or claffes of itars. allotting 
4 to each of the 7 planets ; fo that the year always be¬ 
gins with the fame planet; and their cosflellations an- 
fwer to the 38 lunar manfions ufed by the Arabian 
aftrofiomers. Thefe conilellations however they do not 
mark with the figures of animals, like moil other nations, 
but by conncfling the ftars by ilrnight lines, and de¬ 
noting the ftars tnemfelves by fmall circles: fo, for in- 
flancc, the great bear would be marked thus. 



The Chinefe themfelves have many records and tra¬ 
ditions of the high antiquity of their ailronomv; though 
not without fufpicion of great miilakes. But, 011 more 
certain authority, it is aflerted by F. Gaubil, that at 
leaf! 130 years before Chrift, the Chinefe had deter¬ 
mined by obfervation the number and extent of their 
conilellations as they now (land; the fituation of the 
fixed ftars with refpeft to the cquino&ial and folftitial 
points; and the obliquity of the ecliptic; with the 
theory of rclipfes: and that they were, long before 
that, acquainted with the true length of the folar year, 
the method of obferving meridian altitudes of the fun 
by the fhadow of a gnomon, and of deducing from 
thence his declination, and the height of the pole. The 
fame miffionarv alfo fays, that the Chinefe have yet re¬ 
maining fome books of aftroaomy, which were written 
about *©c years before Chrift j from which it appears, 


that the Chinefe had known, the daily tnrttion of the fit* 
and moon, and the times, .of the revolutions of the 
planets, many years before thqtpcriod. . . 

Du Halde informs us, that Tcheou-ceng, the moll 
ikilful aftronomer that ever Chiiia produced, lived more 
than a thoufand years before Chrift; tliat he pafied 
whole nights in obferving the celeftial bodies, and ar* 
ranging them into conilellations, tfc. At prefent how¬ 
ever,'tue Hate of ailronomy is but very low in that 
country, although it be cultivated at Peking, by pub¬ 
lic authority, in like manner as in moil of the capital 
cities of Europe. , 

The inhabitants of Japan, of Siam, and of the Mo¬ 
gul’s empire, have alfo been acquainted with ailronomy 
from time immemorial; and the celebrated obfervatory 
at Benares, is a monument both of the ingenuity of the 
people, and of their /kill in that fcirncc. 

According to Porphyry, ailronomy muft have been 
of very ancient Handing hi the Kail. He informs us 
that, when Etbylon was taken by Alexander, there 
were brought from thence celeftial obfervations for tire 
fpace of 1903 years; which therefore muft have com¬ 
menced within 11 f years after the flood, or within l $ 
years after the building of Babel.—Epigenes, accord¬ 
ing to Pliny, affirmed that the Babylonians had obferv- 
attonsof 720 years engraven on bricks.—Again, Achil¬ 
les Tatius aieribes the invention of ailronomy to the 
Egyptians; and adds, that their knowledge of that 
fcience was engraven on pillars, and by that means tranf- 
mittedlo poflcrity. 

M. Bailly, in his elaborate Hiflory of ancient and 
modern ailronomy', endeavours to trace the origin of 
this fcience among the Chaldeans, Egyptians, Periians, 
Indians and Chinefe, to a very early* period. And 
thence he maintains, that it was cultivated in Egypt 
and Chaldea 2800 years before Chrift; in Perfia, 3209; 
in India, 3101 ; and in China, 2932 years before that 
sera. He alfo apprehends, that ailronomy had been 
iludied even long before tin’s diilant period, and that 
we are only to date its revival from thence. 

: Jn inrciligating the antiquity and progrefs of aflro- 
nomy among the Indians, M. Bailly examines and 
compares four different lets of aftronomical tables of the 
Indian pliilofophers, namely that of the Siamefe, ex¬ 
plained by M. Cafiini in 1 h i ; 9; that brought from In¬ 
dia by M. le Gcntil of the Academy of Sciences ; and 
two other manufeript tables, found among the papers 
of the late M. de Lille; all of which he found to accord 
together, and all referring to the meridian of Benares,, 
above-mentioned. It appears that the fundamental 
epoch of the Indian ailronomy, is a conjunction of 
the fun and moon, which took place at the amazing 
diftancc of 3102 years before Chrift: and M. Bailly 
informs its that, by our moil accurate aftronomical ta 
bles, fuch a conjunction did really happen at that time. 
He furthrr obferves that, at prefent, the Indians cal¬ 
culate cclipfes by the mean motions of the fun and moon 
obferved 5000 years fmee; and that their accuracy, 
with regard to the folar motion, far exceeds that of the 
bed Grecian aftronomer*. They had alfo fettled the lu¬ 
nar motions by computing tlie fpace through which that 
luminary had paffed in 1,600,984 days, or a little more 
than 4383 years. M. Bailly alfo informs us, that they 
make ufc of the cycle of 19 years, the fame as tha* 
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afcribed "by the Greek* to Meton; that their theory of 
the planets i* much better than Ptole'mv’s, a* they do 
not luppofe the earth in the centre of .the odeftial mo¬ 
tions, and believe that Venus and Mercury move round 
the fun ; and that tbeir aftronomy agree* with the mod 
modem difcoveries a* to the decreafe of the obliquity 
of the ecliptic, the acceleration" of the motion of the 
equinoctial points, &c. 

In the 2u vol. of the TranfaCHon* of the 'ftoyal So¬ 
ciety of Edinburgh is alfo a learned and ingenious dif- 
fcnation on the aitronomy of the Brahmins of India, 
by Mr. Profcflor Playfair; in which the great accuracy 
and high antiquity of the fcicuce, among them, is re¬ 
duced to the greateft probability. It hence appears that 
their tables and rules of computation, have peculiar re¬ 
ference to an epoch, and to obfenrations, i or 4 thoufand 
years before Chrift ; and many other inftances are there 
adduced, of their critical knowledge in the other ma¬ 
thematical fciences, employed in their precepts and 
calculations. 

Allronomy, it feems, too, was not unknown to the 
Americans; though in their divifion of time, they made 
ufe only of the folai, and not of the lunar motions. And 
that the Mexicans, in paitictdar, had a ftrange predi¬ 
lection for the number 13, by means of which they 
regulated almoft every thing: their Ihorteft periods 
ci mi filled of 13 days; their cycle of 13 months, each 
containing 2C days; and their century of 4 periods, of 
13 years each: and this cxccfliie veneration for the 
number 13, arofo, accordirg to Siguenza, from its be¬ 
ing the number of their greater gods. And it is very 
remarkable, that the Abbe Clavigero aflerts it as a fa£l, 
that, having difeovered the excels of a few hours in the 
folar above the lunar year, they made ufe of intercalary 
da vs, to bring them to an equality, as eftablifiiid by 
Julius Csefar in the Roman Calendar; but with this 
difference, that, inilcad of one day every 4 years, they 
interpofed 13 days every jc years, which produces the 
fame efi'edl. 

Moll authors however fix the origin of allronomy 
and allrology, either in Chaldea or in Egypt; and ac¬ 
cordingly among the ancients we find the word Chaldean 
often uftd for allronomer, or, which was the fame thing, 
nftrologer. Indeed both of thefe nations pretended to 
a very high antiquity, and claimed the honour of pro¬ 
ducing the firft cultivators of this fcicnce. The Chal¬ 
deans bonded of their temple or tower of Belus, and of 
Zoroaller, whom thev placed £000 years before the tie- 
llruftion of Troy; while the Egyptians boaftedTof their 
colleges of prielts, where aftroriomy was taught, and 
of the monument of Ofymandyas, in which, it is faid, 
there was a golden circle of 365 cubits in circumference, 
and one cubit thick, divided into 363 equal parts ac¬ 
cording to the days of the year, &c. 

It is, indeed, evident, that both Chaldea and Egypt 
were countries very proper for altronomical obfcrvatioui, 
on account of the extended fiatnefs of the country, and 
the purity and ferenity of the air. The tower of Belus, 
or of Babel itfelf, of a great height, wa* probably aa 
aftronomical obie rvatory; and tue lofty pyramids t>f 
Egypt, whatever they were originally dciigned for, 
might perhaps anfwer the fame purpofe; and at lead 
they ihew the ikill of this people in practical aftronomy, 
as they arc all placed with their four fronts exactly 


facing the cardinal points of the coiqpafs. The CfiaT 
deans certainly begap to make-obferyationi foon after’ 
the confufion of languages, as appears from the ob- 
lervations found there on the taking of Babylon by Alex¬ 
ander ; and it 'is probable they* began much earlier. It 
hence appears that they had determined, with tolerable' 
cxa&neia, the length both of a periodical and fynodical* 
month. They had alfo difeovered, that the motion of 
the mooq was not uniform ; and they even attempted 7 
to aifign thofe parts of the orbit in winch the motion is 
quicker or flower. We are alfo aflured by Ptolemy 
that they were not unacquainted with the motion of the 
moon's apogee and nodes, the latter of which they fup- 

I iofed made a complete revolution in 65854 days, or a 
it tie more than id years, and contained 223 complete 
lunations, which period is called the Chaldean Saras. 
From Hipparchus, the fame author alfo gives us feveral 
obfenrations of lunar eclipfes made at Babylon aboise 
730 years before Chrift, And Ariilotle informs us, 
that they had many occultations of the planets and fixed 
liars by the moon; a circumftance which led them to 
conceive that eclipfes of the fim were td be attributed 
to the fame caufe. They had alfo no incoulidcrable 
fttare in arranging the liars into conftellations. Nor had 
even thofe eccentric bodies the comets cfcapcd their 
obfervation: for both Diodorus Siculus and Appollinus 
Myndicus, Seneca informs us, accouuted thefe tp be 
permanent bodies, having Hated revolutions as well as 
the planets, but in much more extenfive orbits: although 
others of them were of opinion, that the comets were 
only meteors raifed very high in the air, which, blazing 
for a while, difappear when the matter of which they 
confift is confumed or difperfed. The branch of dialling 
was alfo pra&ifed among them long before the Greeks 
were acquainted with that fcience. 

The Egyptians, it appears from various ctrcumftances, • 
were much of the fame Handing in Aftronomy as the 
Chaldeans. Herodotus aferibes their knowledge in the 
fcience to Sefoilris; probably not the fame whom 
Newton makes contemporary with Solomon, as they 
were acquainted with aftronomy at leaft many hundred 
years before that xra. We'learn, from the teftimony 
of fome ancient authors, many particulars relative to the 
Hate of their knowledge in allronomy; fuch as, that 
they believed the figure of the earth was fpherical; 
that the moon wasecHpfed by palling through the earth’s 
Ihadow, though it does not certainly appear that they 
had any knowledge of the true fyftem of the uiuverfe ; 
that they attempted to meafure the magnitude of the 
earth and fun, though their methods ofaFccrtaining the 
latter were very erroneous; and that they' even pre¬ 
tended to foretel the appearance of comets, as well as 
earthquakes and inundations; and the fame is alfo af- 
feribed to the Chaldeans ; though thefe muft probably 
have been rather a kind of aftrological predictions, than 
obfervations drawn from aftronomy, properly fo called. 

This fcience however fell into great decay with the 
Egyptians, and in the time of the emperor Augullus, 
it was entirely ext in A among them. 

From Chtudea and Egypt the fcience of aftronomy 
pa (Ted into Fhepicia, which this people applied to the 
purpofes of navigation, ftecring their courfe by the 
north polar Hat; and hence they became mailers of ■ 
the fen, and of almoft all the commerce in the world. 

Xi The 
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• The Onekt , it is prohibit, derived their aftronomU 
knowledge chiefly from the Egyptian* and, Pheni- 
cuius* by means offevcral of their countrymen whorifited 
tfiefc nations, for the puraofe of learning the different 
fcicnces. - Newton fuppote* that mod; of the conftella- 
jions were invented about the time of the Argonautic 
expeditionbut it is more probable- that they were, at 
leal! moll part of them, of a much older date, and de- 
jived from other nations, though cloa tiled in fables of 
jbeir own invention op application. Several of the con • 
filiation* are mentioned by Hefiod and Homer, the two 
mod ancient writers among the .Greeks, and who lived 
about 870 years before Chrift. Their knowledge in 
this fcience however was greatly improved by Thales 
the Milefian, and other Greeks, wno travelled into 
Egypt, and brought from thence the chief principles 
of the fcience. Thales was born about 640 years before 
Ghriil; and hr, firft of all among the Greeks, obi'erved 
the ftars, thefolftices, theedipfes of the fun and moon, 
and predi&ed the fame. And the fame was farther cul¬ 
tivated and extended by bis fucceffors Anaximander, 
Anaximenes, and Anaxagoras; but mod efpecially by 
Pythagoras, who was born 577 years before Chrift, and 
ha vingrefidedfor fcvcral years in Egypt, &c, brought from 
thence the learning of thefe people, taught the fame 
in Qreece and Italy, andfonnded thefect of the Pytha¬ 
goreans. He taught that the fun was in the centre of the 
tfuiverfe ; that the earth was round, and people had an¬ 
tipodes ; that the moon refle&ed the rays of the fun, and 
was inhabited like the earth ; that comets were a kind of 
wandering, ftars, difappearing in the further parts of their 
orbits; that the white colour of ihc milky-way was 
owing to the united brightnefa of a great multitude of 
fmall ftars; and he fuppofed that the diftanccs of the 
moon and planets from the earth, were in certain liar- 
xgooic,proportiona to one another. 

FhUolaus, a Pythagorean, who flourifhed about 450 
years before Chrifl, afferted the annual motion of the 
earth about the fun ; and not long after, the diurnal 
motion of the earth on her own axis, was taught by Hi- 
eftas, a Syracufan. About the fame time flourilhcd at 
Athens, Mcton and EmSfccmon, where they obferved the 
fummer folflice 432 years before Chrift, and obferved 
therifings and feltings of the ftars, and what feafons they 
anfwered to. Meton alfo invented the cycle of 19 years, 
'Vjhich ftill bears hi*, name. 

Eudoxus the Cnidian lived about 370 years before 
Chrift, and. was accounted one of the moll fleilful aftro- 
aomers andgeometriciansof antiquity, being accounted 
the inventor of many of the propofitions in Euclid’s Ele¬ 
ments, and haring introduced geometry into the fcience 
of aftroaomy. He travelled into Alia, Africa, Sicily, 
and Italy, for improvements in aftronomy; and we are 
informed hy PKny, that he determined the annual year 
to, contain $ 6 $ days 6 hours, that he determined alfo 
the periodical times of the planets, and made other im¬ 
portant observations and difeoveries. . 

Qdippus flourilhcd foon after Eudoxus, and hit celef- 
tial fphere is mentioned by Ariftotle ; but he is better 
known by a period of 76 which he invented, containing 
4 fotye&ed Metonic periods, and which commenced-at 
tho-fommet fotnice- in the year 330 before Chrift. About 
bis, time the knowledge of the I thagorean fyftenj was 


carried ibto Italy, Gattl, utdEgypt, hy certain colo¬ 
nies of Greeks, ’ (l ' . 

However, the introdu&ion of Aftronowyinto Greece 
ia reprefented by Vitruvina in a manner fomewhat dif¬ 
ferent. He maintains, that Berofus* a Babylonian, 
brought it immediately from Babylon itfelf, and opened 
an aftronomical fchool in the ifle of Cos. And Pliny 
fays, thadLin confidmtion of his wonderful predictions, 
the Ath«mns ere&ed him a ttatue in the gymnalium, 
with a gilded tongue. But if this Berofus be the fare* 
with the author of the Chaldaic hillorics, be mud Iwe 
lived before Alexander. ^ 

After the death of-this conqueror, the fciences flou- 
riihed chiefly in Egypt, under the aufpices «>f Ptolemy 
Philadelphia and his fucceffors, He founded a fchool 
there, which continued to be the grand feminarv of learn • 
iog, till tlic invafiou of the Saracens in the year of Chrift 
6 jo. From the founding of that fchool, the fcience of 
aftronomy advanced conliderably. Ariltarchus, about 
270 years before Chrift, llrenuoufly afferted the Pytha¬ 
gorean fyltem, and gave a method of determining the 
fun’s diftance by the dichotomy of the moon.—Erato- 
fthenes, who was born at Cyrene in the year 271 before 
Chrift, meafured the circumference of the earth by means 
of a gnomon; and being invited to Alexandria, from 
Athens, by Ptolemy Euergetes, and made keeper of the 
royal library there, hefet tip for that Prince thofe armil¬ 
lary fpheres, which Hipparchus and Ptolemy the aftro- 
nomer afterwards employed fo fuccelsfully in obferving 
the heavens. He alfodctermined the diftance between t he 
tropicsto be TT of the whole meridian circle, which makes 
the obliquity of the ecliptic in his time to be 23 0 5 T J.— 
The celebrated Archimedes, too, cultivated aftronomy, 
as well as geometry and mechanics: he determined the 
diftanccs of the planets from one another, and conftruft- 
ed a kind of planetarium or orrery, to reprefent the phe¬ 
nomena and motions of the heavenly bodies. 

To pafs by feveral others of the ancients, who prac¬ 
ticed or cultivated aftronomy, more or lefs, we find that 
Hipparchus, who flourished about 140 years before 
Chrift, was the firft who applied himfelf to the ftudy of 
every part of aftronomy, and, as we are informed by 
Ptolemy, made great improvements in it: he difeovered 
that the orbits of the planets are eccentric, that the moon 
moved flower in the apogee than in her perigee, and, 
that there was a motion of anticipation of the moon’s 
nodes : he conftrufted tables of the motions of the fun 
and moon,collected accounts offiich eclipfcs, &c, as had 
been made by the Egyptians and Chaldeans, and calcu¬ 
lated all that were to happen for 600 years to come: he 
diicoveredthat t lie fixed liars changedtheir places, having 
a flow motion of their own from weft to call: he correct¬ 
ed the Cahppic period, and pointed out fome errors in 
the method of Eratofthenes tor meafuring the circum¬ 
ference of the earth : he computed the Tun’s diftance 
more accurately than any of his predcceffors : but his 
chief wqrk is a catalogue which he made of the fixed 
flam, to the number of 1022, with their longitudes, la¬ 
titude!, and apparent magnitudes ; which, with moll 
of* his other obfervations. are preserved by Ptolemy in 
his Almageft. 

Them was bnt little progrefs made in aftronomy from 
the time of Hipparchus to that of Ptolemy, wno was 
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boro at Pslufrum in Egypt; in the firft century of chrif- 
Vanity, and who made the greateft part of hit obferva- 
tiont at the celebrated kboolof Alexandria in that coun¬ 
try. Profiting of thofe of Hipparchus. and other an¬ 
cient aftronotners, he formed a fyitem of Uh own, which, 
though erroneous, was followed for many ages by all na¬ 
tions. He compiled a great work, called the Ahnageft, 
which contained the obfervations and coUe&um* of Hip¬ 
parchus and others his prcdccefibre in aftffbmy, on 
V-hicli account it will ever be valuable to the profeffors 
of^hat feience. Thia work was preferved from the grie- 
vouk conflagration of the Alexandrine library by the Sa¬ 
racens, and tranflated out of Greek into Arabic in the 
year 827, and from thence into Latin in j 230. The 
Greek original was not known in Europe till the begin¬ 
ning of the 15th century, when it was brought from 
Conftantinopk, then taken by the Turks, by George, 
a monk of Trape/.ond, by whom it was tranflated into 
Latin; and various other editions have been iince made. 

During the long period from the year 800 till the be¬ 
ginning of the 14th century, the weftern parts of 
Europe were immerfed in grofs ignorance and barbarity, 
while the Arabians, profiting by the books they had 
preferved from the wreck of the Alexandrine library, 
cultivated and improved all the fciences, and particularly 
that of aitrouomy, in which they had many able profef- 
tors and authors. The caliph A 1 Manfur fir ft introduced 
a taile for the fciences into his empire. His grandfon 
Al Mannm, who afeeuded the throne in 814, -was a 
great encourager and improver of the fciences, and cf- 
pecially of aftronomy. Having conftrulted proper in- 
ilrurncnts, lie made many obfervationsj determined the 
obliquity of the ecliptic to be 23* 35'; and under his 
aufpices a degree of the circle of the earth was meafured 
a fecund time in the plain of Singar, on the border of 
the Red Sea. About the fame time Alferganus wrote 
elements of aflronomy ; and the feience was from hence 
greatly cultivated by the Arabians, but principally by 
Alhategnius,whofiouriflicd about the year 880,and who 
greatly reformed aitrouomy, by comparing his own ob¬ 
fervations with thofe of Ptolemy: hence he computed the 
motion of the Ain's apogee from Ptolemy’s time to his 
own ; fettled the preceffion of the equinoxes at one 
degree in 70 years; and fixed the obliquity of the ecliptic 
at 23° 3$'. The tables which hecompofed, for the me¬ 
ridian of Aralta, were long efteemed by the Arabians. 
After his time, though the Saracens had many eminent 
uilrouomers, feveral centuries elapfed without producing 
any very valuable obfervations, excepting thoic of fome 
cclipfcs obferved by Ebn Younis, attronomcr to the 
caliph of Egypt, by means of which the quantity 
of the moon’s acceleration fiucc that time may be deter¬ 
mined. 

Other eminent Arabic aflronomers, were, Arza- 
ehel a Moor of Spain, who obferved the obliquity 
of the ecliptic: be alfo improved Trigonometry 
by conftru&ing tables of fines, inftcad of chords of arches, 
dividing the diameter into 300 equal parts. And Alha- 
zen, his contemporary^ who wrote upon the twilight, 
die height of the clouds, the phenomenon of the hori¬ 
zontal moon, and who firft (hewed the importance of the 
theory ofuefra&ions in aftronomy. 

Ulug Beg, grandfon of the celebrated Tartu prince 
Tanienane,wasa great proficient in pra&ical aftronomy; 


he had very large inilrumcnts, particularly a quadrant 
of about iso feet high, with which be made good ot>- 
fervations. From tliefe he determined the latitude of 
Samcrcand, hiscapital, to be 39 0 37' 23*5 and .com 
pofed aftronomical tables for the meridian of the fame" 
fo exalt, that they differ very little from thofe conftrull- 
*d afterwards by Tycho Brake ; bat his principal work 
was his catalogue of the fixed liars, made alfo from his 
own obfervations in the year 1437. 

During this period, almoft all Europe was immerfed: 
in grofs ignorance. But the fettiement of the Moors- 
in Spain introduced the fciences into Europe ; from 
which time they have continued to improve, and to be 
communicated from one people to another, to theprefent 
time, when aftronomy and all the fciences, have arriv¬ 
ed at a very eminent degree of pcrfe&ion. The em¬ 
peror Frederick 11 , about 123a, firft began to encou¬ 
rage learning ; reltoring fome decayed univerfitics, and 
founding a new one in Vienna : he alfo'caufed the-works 
of Ariftotlc, and Ptolemy's A Image ft, to be tranflated 
into Latin ; and from the trauflatioa- of this work we 
may date the revival of aftronomy in Europe. Two 
years after this, John de Sacro Dofco, thatis, of Halifax, 
compiled, from, l’tolemy,. Albategnius, Alferganus, 
and other Arabic aftronomers, his work De Spheera , 
which was held in thegreateft eitimation for 300 years 
after, and was honoured with commentaries by Clavius 
and other learned men. In 1240, Alphonfo, king of 
Caftile, not only cultivated' aftronomy hitnfelf, hut 
greatly encouraged others; and by the aflrftance of fe¬ 
veral Learned men he corrected the tables of Ptolemy, 
and compofcd thofe which were denominated from him 
the Alphdnfine Tables. About the fame lime alfo, 
Roger Bacon, an Engliih monk, wrote feveral traits 
relative to aftronomy, particularly of the lunar afpc&s,, 
the folar rays, and the places of the fixed ftars^ And,, 
about the year 1270, Vitello, a Polander, compofed a- 
treatife on optics, in which he (hewed the u£e of re- 
fraltions in aftronomy. 

Little other improvement was made in afltonomy till 
the time of Purbach, who was born in 1423. He com¬ 
pofed new tables of lines for every 10 minutes, making 
the radius 60, with four ciphers annexed. He con— 
limited fpheres and globes,, and wrote feveral aftrono- 
mical traits ; as, a commentary on Ptolemy’* Alma- 
gelt ; fome treatifea on Arithmetic and Dialling, with 
tables for various climates; new tables of the fixed ftars 
reduced to the middle of that ccntury ; .and he correlted 
the tables of the planets* makiug new equations to them 
where the Alphonfine tables were erroneous. In his 
folai tables, he placed the fun’s apogee in the beginning 
of Cancer ; but retained tire obliquity of the ecliptic 
23 0 33 4 '% »s determined by the kteft obfervations. He 
alfo obferved fome cclipfcs, made new tables for com¬ 
puting them, and had juft (milked a theory of the pla¬ 
nets, when he died in 2462, being only 39 years of 
age- 

Purbach was fuccecded in his aftrouomioal and mathe¬ 
matical labours by bis pupil and friend, John Muller, 
commonly called Regiomontanus, from Montenegro, 
or Koningfhcrg, a town of Franconia, where he. was 
born. He completed the epitome of Ptolemy’s Alma- 
gelt, which Purbach had begun; and after the death, 
of his friend, was invited to Rome, where he made many 
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ixflronomical obfervations. Being returned to Nurtm- 
■bcrg in 1471* by the encouragement of a wealthy citizen 
named Bernard VValther, he made fevend inftruments 
for aftronomical obfervations, among which wa8 an ar- 
millary aftrolabe, like that ufed at Alexandria by Hip¬ 
parchus and Ptolemy, with which he made many obfer- 
vations, ufing alio a good clock, which was then but a 
date invention. He made -ephemerides for 30 years to 
cornc, (hewing the hmations, eclipfes, ftc ; and, the 
art of printing having then been lately invented, he 
printed the works of many of the moft celebrated anfcieht 
•iidroriomers. He wrote the Theory of the Planets and 
Comets, and atreatife on triangles, dill in repute for fe¬ 
veral good theorems; computing the table of lines for 
-every Angle minute, to the radius 1000000, and in¬ 
troducing the ufe of tangents alfo into trigonometry. 
After his death, which happened at Rome in 1476, 
being only 4° years of age, Walthcrcollefk-d his papers, 
And continued the agronomical obfervations-till his own 
.death alfo. The obfervations of both were collected by 
.order of the fenate of Nuremberg, .and pnblirtied there 
en 1544 by John Schoner: they were alfo afterwards 
published m 1618 by Snellius, at the end of the obfer¬ 
vations made by the Landgrave of HcfTe ; and la illy 
with thofe of Tycho Brahe in t666. 

Walther was fuccecded, as aftronomerat Nuremberg, 
by John Werner, a clergyman. He obferved the motion 
of the comet in 1500 ; and wrote feveral tradtson geo¬ 
metry, aftronomy,and geography, in a malleily manner; 
the moft remarkable of which, are thofe concerning the 
motion of the 8th fphere, or of the fixed ftars ; in this 
trail, by comparing his own obfervations, made in 
1514, with thofe of Ptolemy, Alphonfus, and others, 
he (hewed that the motion of the fixed ftars, fincc called 
the precedion of the equinoxes, is 1° 10' in too years. 
He made alfo the firft ftarof Aries iCfl diftant from the 
equinoctial point, and the obliquity of the ecliptic only 
23 0 28”. He con fl.ru £tpd a planetarium, reprefenting 
the celeftial motions according to the Ptolemaic hypo¬ 
thecs; and he publifhed a tninllation of Ptolemy’s 
Geography, with a commentary, in which he (irft pro- 
pofea the method of finding the longitude at fea by 
obferving the moon’s diilaace from the Axed liars ; now 
io fucceisfully pra&ifed for that purpofe. Werner died 
in 1 £28, at 60 years of age. 

Nicolaus Copernicus was the next who made any con- 
iidcrablc figure in aftronomy, by whom indeed the old 
Pythagorean fyftem of the world was reflored, which 
had been till now fet afide from the time of Ptolemy. 
About the year 1507 Copernicus conceived doubts of 
this fyftem,and entertained notions about the true one, 
which he gradually improved by a feries ofaftronomical 
obfervations, and the contemplation of former authors. 
By thefc he formed uew tables, and completed his 
work in the year 1530, containing thefe, and his re¬ 
novation of the true fyftem of the univerfe, in which 
all the planets are conAdercd as revolving about the 
fun, placed in the centre. But the work was only 
printed in 1 $43, under the care of Schoner and OAandcr, 
by the title of Revolutions Oriium Cttltjlium ; and 
<the author juft received a copy of the work a few hours 
before his death, - which happened on the 23d of May 
*543» 70 years of age* 


After the death of Copernicus, the faience and praci 
tice of aftronomy were greatly imprtJvetfby many other 
perfons, as Scliouer, Nonius, Appian, Gemma Frifiut, 
Rothman, Byrgius, the Landgrave of Hefle, fltc.— 
Schoner reformed and explained the calendar, improved 
the methods of making eeldlial obfervations, and pub- 
lilhcd a treatife on colmography; but he died 4 yean 
after Comu-nicua.—Nonius wrote feveral ytorks on ma« 
thematic^lilronomy and navigation, and invented fome 
ufeful and more accurate inftruments than formerly ; 
one of thefe was the aftronomical quadrant, on whicjvhe 
divided the degrees into minute’s by a number of concen¬ 
tric circles; the Aril of which was divided in 90 equal 
parts or degrees, the feconditftoRq, the third into 88, and 
io on, to 46 ; fo that, the index of the quadrant always 
falling upon or near one of the diviiions, the minutes 
would be known by an cafy computation.—-The chief 
work of Appian, The Cafarnm Aflronnmy, was publifhed 
at Ingoldllat in 1740 ; in which he (hews, how to ob- 
fervethe places of the ftars and planets by the aftrolabe; 
to rcfolve aftronomical problems by certain inftruments ; 
to predict eclipfes, and to ddcribe the figures of them ; 
and the method of dividing and tiling an ntlronomiea! 
quadrant: at the end are added obfervations of comets, 
one of which has been fuppoled the fame with that o!>- 
ferved by Hcvelius, and if fo, it ought to have returned 
again in the year 1789 ;—hut it was not obferved then. 
Gemma Frifius wrote a commentary on Appian ’* Cn f‘ 
mngrapky, accompanied with many obfervations of eclip¬ 
fes : he alfo invented the aftronomical rim;,, and feveral 
other inftruments, ufeful in taking obfervations at 
fea 5 and he was the firft who recommended a time¬ 
keeper for determining the longitude at fea.—Rheticus 
gave up his profdTorlhip of mathematics at Wittemberg, 
that he might attend the aftronomical lefturcsof Coper¬ 
nicus ; and, for improving aftronomical calculations, he 
began a very exteniive work, being a table of lines, tan¬ 
gents and fecants, to a very large radius, and to every 
10 feconds, or £ of a minute ; which was completed 
by his pupil Valentine Otho, and pnblirtied in 1594. 

About the year 1561, William IV, Landgrave of 
Hefte Cartel, applied himfelf to the fludy of aftronomy, 
having furnilhed himfelf with the beft inftruments 
that could then he made : with thefe he made a great 
number of obfervations, which were puhlilhed by Sncl- 
lius in 16 >8, and which were preferred by Hcvelius to 
thofe of Tycho Brahe. From thefe obfervations he 
formed a catalogue of 400 liars, with their latitudes and 
longitudes, adapted to the beginning of the year 1593. 

Tycho Brahe, a noble Dane, began his obfervations 
about the fame time with the Landgrave of Hefle, above- 
mentioned, and he obferved the great conjunction of 
Jupiter and Saturn : but finding the ufual inftruments 
very inaccurate, he conftru&ed many others much 
larger and exaCter, with which he applied himfelf 
diligently to obferve the celeftial phenomena. In 
1571 he difeovered a new ftar in the chair of Cafliopcia ; 
which induced him, like Hipparchus on a fimilar oc- 
cafion, to make a new catalogue of the ftars; which 
he compofed to the number of 777, and adapted their 
places to the year i6co. In the year 1576, by favour 
of the king of Denmark, he built his new obfervatory, 
called Uraniburg, on the fmall ifland Hucnna, oppofite 
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to Copenhagen* and which he very Amply fnrnifhed with 
many large iuftrumenta, fome of them fo divided a* 
to ftit'W fingle minutes, and in other* the arch might be 
read off to to feconds. One quadrant was divided ac¬ 
cording to the method invented by Nonius, that is, by 
47 concentric circles; but moll of them were divided 
by diagonals; a method of divifion invented by'a Mr. 
Richard Chanccler, an Englifhman. Tych^pmployed 
his time at Uraniburg to the beft advnntm, till the 
death of the king, when, falling into difereait, he was 
obliged to remove to Holftein ; and he afterwards found 
means of introducing himfelf to the F.mperor llodolph, 
with whom he Continued at Prague till the time of his 
death in 1601.-—It is well known that Tycho was the 
inventor of a fyftera of aftronomy, a kind of Semi-Pto- 
lemaic, which he vainly endeavoured to eftablifh in (lead 
of the Copernican or true fyttem. His works, however, 
which are very numerous, fhdw that he was a man of 
great abilities; and his difeoveries, together with thofe 
of Purbach and Regiomontanus, were colk&cd. and 
publifhed together in i6ai, by Longomontanus, the 
favourite difciple of Tycho. 

While Tyclio refided at Prague with the emperor, 
he prevailed on Kepler to leave the tutiveifity of Glatfc, 
and to come to him, which he did with his family and 
library in 1600: but Tycho dying in 1601, Kepler en¬ 
joyed all his life the title of mathematician to tne Em¬ 
peror, who Ordered him to linilh the tables of Tycho 
Brahe, which he did accordingly, and publifhed them 
in 1617, under the title of Rodolphine. He died about 
the year 1630 at Ratilbon, where he was fuliciting the 
arrears of his penfinn. From hia own observations, 
and thofe of Tycho, Kepler difcoycrcd feveral of the 
true laws of nature, by which the motions of the celef- 
tial bodies are regulated. He difeovertd that all the 
planets revolved about the fun, not in circular, but in 
elliptical orbits, having the fyn in one of the foci of the 
cllipfe ; that their motions were not equable, but vary¬ 
ing, quicker or flower as they were ntar to the fun or 
farther from him ; but that this motion teas fo regulated, 
that the areas deferibed by the variable line drawn from 
the planet to the fun, are equal in equal times, and al¬ 
ways proportional to the times of deferibingthem. He 
alfo difeovert d, by trials, that the cubes of the diflanccs 
of the planets from the fun, were in the fame propor¬ 
tion as the fqnarcs of their periodical times of revolution. 
By obfervations alfo on comets, he-concluded that they 
are freely carried about among the orbits of the planets, 
in paths that ate nearly' rc&iliuear, but which he could 
not then determine. Betides many other difeoveries, 
which are to be found in his writings. 

In Kepler’s time there were many other good pro¬ 
ficients in aftronomy; as Edward Wright, baron Napier, 
John Bayer, See. Wright made feveral good meridi¬ 
onal obfervations of the fun, wit h a quadrant of 6 foet 
radius, in the years 1594, 1595,and 1596; from which 
Re greatly improved the theory of the fun’s motion, and 
computed more accurately his declination, than any 
perfon had done before. In 15 99 he publifhed alfo an 
excellent work entitled “Certain Errors in Navigation 
di(covered and detedled,” containing a method which 
has commonly, though crroneoufly, been aferibed to 
Mercator.—To Napier we owe fome excellent theorems 
and improvements in fpherics, betides the ever memo- 
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rable Invention of logarithms, one of the mod tifefi* 
ever made in the art of numbering, and* of the greateft 
ufe m all the other- mathematicaf fcrence*.—Bayer, g 
German, publifhed his Uranometria t being a complete 
celeftial atlas, or the figures of all the conftellations vi¬ 
able in Europe, with the ftars marked on them, atrd 
the ftars alfo accompanied by names, or the letters of 
the Greek alphabet; a contrivance by which the ftara 
may eafiiy be referred to with diftin&nefs and prccifion. 
—About the fame time too, aftronomy was cultivated 
by many other perfons; namely, abroad by Mercator,, 
Maurojycus, Maginus, Homeliifs, Schultet, Stevin, 
Galileo, &c ; and in England by Thomas and Leonard- 
Digges, John Dee, Robert Flood, Harriot, &c. 

The beginning of the 17th century was particu¬ 
larly diflinguifhed by the invention of telefcopes, and 
the application of them to aftronomical obfervations ;• 
an invention to which we owe the moil brilliant difeo¬ 
veries, and all the accuracy to which the fcience is now 
brought. The more diftinguiftted early obfervations 
with the telefcope, were made, by Galileo, Harriot,. 
Huygens, Hook, Caflini, &c. It is faid that from re¬ 
port only, and before he had feen one, Galileo made for 
himfelf telefcopes, by which he difeovered inequalities 
in the moou’s furface, Jupiter’s fatellites, and’the ring 
of Saturn; alfo fpots on the fun, by which he found 
ant the revolution of that luminary on his axis; and he 
difeovered that the nebula: aud milky way were full of 
final! ftars. Harriot alfo, who lias hitherto been known 
only as an algebraift, made much the fame difeoveri cs as 
Galileo, and as early, if not moit fo, as appears by his 
papers not yet printed, in the poffeffion of the carl of 
Egremont. 

Mr. Horrox, a young aftronomcr of great talents, 
made confiderable difeoveries and improvements. In 
1633 he found out that the planet Venus wqpld pal's 
over the fun’s dife on the 24th of November, 1639; an- 
event which he announced only to his friend Mr. Crab¬ 
tree j and thefe two were the only perfons in the world 
that obferved this tranfit, which was alfo the bill time 
it had ever been feen by mortal eyes. Mr. Horrox 
made alfo many other nfcful obfervations, and had even 
formed a new theoty of the moon, taken notice of by 
Newton ; but his early death, in the beginning of the 
year '640, put a flop to his ufefuland valuable labours. 

About the fame tiinc'flourifhcd Hcvclius, Burgonud- 
ter of Dantzic, who furnifhed an excellent obfervatory 
in his own houfe, where lie obferved the fpots and 
phafes of the moon, from which obfervations be com¬ 
piled his Selenogmphia { and an account of bis apparatus 
is contained in his work entitled Macbma Ca/r/lis, a 
book now very fcarcc, as moll of the copies were acci¬ 
dentally burnt, with the whole houfe and apparatus, in- 
1679. Hcvclius died in 1688, aged 76. 

Dr, Hook, a contemporary of Hevclius, invented: 
inftruments with telefeopic fights, and ceufured riiofe 
of the latter; which occafioned a (harp difpnie be 1 w ecn 
them, and to fettle which the celebrated l)r. Halley 
was Tent over to Hevelius to examine his inftruments.. 


The two aftronomers made feveral obfervations • tnge- - 
tiler, very much to their fatisfa&ion, and amongil 
them was one of an occultation of Jupiter by the moon,, 
when they determined the diamettr.of the latter to be. 
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Before the middle of the 17th century the conftruc- 
tion of telefcopc* had been greatly improved, particu¬ 
larly by Huygens and Fontana. The former conftru&ed 
one of 123 feet, with which he long obferved the moon 
and.planets, and difeovered that Saturn was cncompaflTed 
with a ring. With telefcopeatoo, of 200 and 300 feet 
focus, Caffini faw five fatellites of Saturn, with his 
zones or belts, and the (hadows of Jupiter’s fatellites 
palling over his body. In 1666 Azout applied a mi¬ 
crometer to telefcopes, to meafure the diameters of the 
planets, and other fmall difiances in the heavens: but an 
mllrument of this kind had been invented before, by 
Mr. Gafcoigne, though it was but little known abroad. 

To obviate the difficulties of the great lengths 
of rcfra&ing telefcopes and the aberration of the rays, 
it is faid that Meifennus firfi ftarted the idea of mak¬ 
ing telefcopes of refle&ors, infiead of lenfes, in a letter 
to Defcartcs; and in 1663 James Gregory of Aber¬ 
deen (hewed how' fuch a telefcopc might-be oonfiructed. 
'After fome time fpent alfo by Newton, on the con- 
ilrudlion of both forts of telefcopes, he found out the 
great inconvenience which arifes to rcfra&ors from the 
different refrungibility of the rays-of light, for which he 
could not then find a remedy-; and therefore, purfuing 
the other kind, in the year 2672 he prefented to the 
RoyaJ Society two refledtors, which were con limited 
with fpherical fpeculums, as he could not procure other 
figures. The inconveniences however anting from the 
different refrangibility of the rays of light, have fincc 
been fully obviated by the ingenious Mr. Dollond. 
Towards the latter part of the 17th, and beginning of 
the 18th century, practical aftronomy it feems rather 
languilhed. But at the fame time the fpcculativc part 
sms catried to the highefi perfcdlion by the immortal 
Newton in his Principia, and by the Allronomy of 
David Gregory. 

Soon after this however, great improvements of afiro- 
nomical infiruintnts began to take place, particularly in 
Britain. Mr. Graham, a celebrated mechanic aijd watch¬ 
maker, not only improved clocks and watch work, but 
alfo carried the accuracy of afironomical infiruments to 
a furprifing degree. He conftrudted the old f> feet 
mural arch at the Royal Obfcrvatory Grcenwidi, and a 
fmall equatorial fedtor for making obfervations-out of the 
meridian; but he is chiefly remarkable for contriving 
the zenith fedlor of 74 feet radius, and afterwards one 
of I2j feet, with which Dr. Bradley difeovered the 
aberration of the fixed liars. The refitdtii.g telefcopc 
of Gregory and Niwton, was greatly improved by Mr. 
Hadley; who prefented a very powerful inftniment of 
that kind to the Royal Society in t19. The fame 
gentleman has alfo immortalized his memory by the 
invention of the reflecting quadrant or fedlor, now cubed 
by his name, which he preUnted to the fuciety in 1731, 
and which is now fo univerfally ufcful at fea, eipecially 
w'here nice obfervutions are required. * It appears how¬ 
ever that an infimment fimilarto this in its principles, 
had been invented by Newton.; and a dcfcripiion with 
a drawing of it given by him to Dr. Halley, when lit 
was preparing for his voyage in 1701, to difeover the 
variation of the needle: it has alfo been tifllried that a 
Mr. Godfrey of Philadelphia in America, made the lame 
difcovery, and the firfi itiflrumtnt of this kind. About 
the middle of this century, the conllrudling and dividing 
■of large afironomical iullruments were carried to great 
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perfc&ion by Mr. John Bird; and rcfle&lng telefcopes 
were not left improved by Mr. Short, who ufo firfi ex¬ 
ecuted the divided objedx-gkfs' micrometer, which had 
been propofed and dcicribed by M. Louville and others. 
Mr. Dollond alfo brought refradting telefcopes to the 
greateft perfection, by means of his acromatic glades ; 
and lately the difcoveries of Herfchel are owing to the 
amazing powers of refleQors of his own conftrudlion. 

Thus the afironomical improvements in the prefent 
-century, have been chiefly owing to the foregoing in¬ 
ventions and improvements in the infiruments, ana to 
the cftaUiflimcnt of regular obfcrvalotics in England, 
France, and other parts of Europe. Rocmer, a cele¬ 
brated Danifii Aftronomer, firfi made ufe of a meridional 
telefcopc; and, by obferving the cclipfes of Jupiter’s 
fatellites, he firfi difeovered the proguflivc motion of 
light, concerning which he read h diflirtation before 
the Academy of Sciences at Paris in 1675.'—Mr. F'am- 
Iteed was appointed the firfi Aftronomer Royal at 
Greenwich in 1675. He obferved, for 44. years, all 
tlie celeflial phenomena, the fun, inoon, planets, and 
fixed ftars, of all which he gave an improved theory and 
tables, viz, a catalogue of 3OCO flats with their places, 
to the year 1689; alfo new Jfolar tables, and a theory of 
the moon according to Ilorrox ; likewile, in Sir Jonas 
Moore’s Syftem of Mathematics, he gave a curious 
tradl on the dodtrine of the fpherc, (hewing how, geo¬ 
metrically to conftrudl cclipfes of the fun and moon, as 
W’ell as occultationsof the fixed liars by the moon. And 
it was upon his tables that were couflmCtcd, both Hal¬ 
ley’s tables, and Newton’s theory of the moon.—Caffini 
alfo, the firfi French Aftronomer Royal, very much 
diftinguiihed himfelf, making mauy obfervations on the 
fun, moon, planets and comets, and gieatly improved 
the elements of their motions. He alfo elected the gno¬ 
mon, and drew the celebrated meridian line in the church 
of Petroniaat Bologna. 

In 1719 Mr. Fhimficcd was fueceeded by Dr. Halley, 
as Aftionomcr Royal at Greenwich. The Dodtor had 
been fent at the early age of si to the ifland of St. 
Helena, to obferve the lout hem fiats, and make a cata¬ 
logue of them, which was publifhed in 1679. In 1705 
he puhliflicd his Synetft Ajlronomia Comttine, in which 
he ventured to predict the return of a comet in 1 7 58 or 
1759. lie was the firfi who difeovered the acceleration 
of the moon, and lie gave a very ingenious method for 
finding her parallax by three obferved pliafes of a folar 
eclipfe. He published, til the Philofophical Tranfae- 
lions, many learned papers, and amongft them fome that 
were concei nitig the ufe that might be made of the next 
tranfit of Venus in determining the diftance of the fun 
from the earth. He compofcd tables of the fun, mocn, 
and all the planets, which are dill in great repute ; with 
which lie compared the obfervations he made of the 
moon at Greenwich, amounting to near 1500, und noted 
the differences. He recommended the method of de¬ 
termining the longitude by the moon’s cliilances from 
the fun and ccitain fixed fiats; a method which had 
■before been noticed, and which has fince been carried 
into execution, more particularly at the inltancc of the 
prefent Aftronomer Royal. 

About this tirge a difputc arofe concerning the figure 
of the earth. Sir Ifaac Newton had determined, from 
a conlideration of the laws of gravity, and the dimnal 
motion of thecaitli, that the figure of it was an oblate 
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fpherold, jrad fl*tt«d *t thejroles.: bdt Cafiint had de- 
-Maifikrti'-ef 1 FkaWt,: tXnijfc *hi ’'figure 
■was ati ■’ 1 bt'Uhgthd&di a# the poles. 

To fettle this atfpote, It whs rcfblved, tinder £ewt* XV„ 
to meafure two degrees Of the meridian; ondnear the 
equator, and the other as near the pole atpofOble. For 
this purpofe, the Royal Academy of Sciences lent to 
.Lapland, Mefs. Maupertuis, Ckrirmitt, Camus, and Le 
Monier t being alfo accompanied by the AbbeOuthier, 
and by M. Cclfos, profcflbr of anatomy at ITpfaL And 
on the fouthers expedition were fertt Men. Godin, 
Condamine, and Bouguer, to whom the king of Spain 
joined Don Geotge Juan and Don Antonio de Uiloa. 
Thcfe fet out in 173 ;, and returned at different times in 
1744, 174.5, and 1746; but the former party, who fet 
out only in 1736, returned the.year following {..having 
both fulfilled their commiffions. Picart’s meafure was 
alfo revifed by Cafiini and DelaCatlle, which after 
his errors were correfted, was found to agree very well 
with the other two j and the refult of the whole Jerved 
to confirm the determination of the figure before laid 
down by Newton.—On the fouthern expedition, It was 
found that the attra&ion of the great mountains of 
Peru had a fenfible effeft on the plumb-line of one of 
their largcft inilruments, dfcfie&mg it 7. or 8 feconds 
from the true perpendicular. • 

On the death of Dr. Halley, in 174a, he was fuc- 
ccedcd by Dr. Bradley, as Aftronomer Royal at Green¬ 
wich. The accuracy of his obfervations enabled him to 
detect the fmaller inequalities in the motions of the pla¬ 
nets and fixed liars. The confequence of this accuracy 
was, the difeoverv of the aberration of light, the nuta¬ 
tion of tl»e earth’s axis, and a much greater degree of 
perfeftion in the lunar tables. ’He alfo obferved the 
places, and computed the elements of the comets which 
appeared in the years 1723, 1736,1743, and *757. He 
made new and accurate tables of the motionssjfntjpitcr's 
fatellites; and from a multitude of obrcrafMHpf the 
luminaries, he conftru&ed the tnoft accurttW^Shle of 
refractions yet extant. Alfo, with a very huge tranfit 
inilrument, and a new mural quadrant of 8 feet radius, 
conftrudted by Mr. Bird in 1750, he made an immenfe 
number of obfervations for fettling the places of all the 
ilars in the Britifh catalogue, together with near 1500 
places of the moon, the greater part of which lie com¬ 
pared with Mayer’s tables. Dr. Bradley died in 1762. 

In tiie mean time the mathematicians and aflronomers 
rife where were affiduous in their endeavoms to promoM 
the fcience of nilronomy. The theory of the moon was 
particularly confide red by Meffrs Clairault, D’Alembert, 
Euler, Meyer, Simpfon, nnd Walmfly, and efpecially 
Clairault, Euler, and Mayer, who computed complete 
lets of lunar tables ; thofc of the laitrof tliefc authors, 
for their fuperior accuracy, were rewarded with a pre¬ 
mium of 3000 pounds by the Board of Longitude, who 
brought them into ufe in the computation of the Nau¬ 
tical Ephcmeris, publifhed by that Board.—The mod 
accurate tables of the fatellites of Jupiter wfcre compofed, 
from obfervations by Mr. Wargentin, an excellent Swc- 
diih aflronomer.—Among the many French aflronomers 
who contribi ted to the advancement of the fcicuce, it 
was panic daily indebted to M- De la C&illc, for an 
excellent fet of folar tables. And in 14-50 he went to 
the Cape of Good Hope to make obfervations in conceit 
Von. I. 


with the mod celebrated aftronoram, in Europe, fot 
determining the parajDu of Mars and the- moon, and 
thence, that of the fim,'which it was concluded did not 
much exceed to feconds.' Here he re-exapined and 
adjufted, with great accuracy, the ftars about tiie fouth¬ 
ern pole; and alfo nteafured a degree of the meridlln. 
—In Italy the fcience was affiduoufly cultivated by Bi- 
anchihi, Bofcovich, Frifi, Mtnfredi, Zanotti, and many 
others; in Sweden by Wargentin already mentioned, 
Blingenflcm, Mallet, and Hanman; and in Germany 
by the Eulers, Mayer, Lambert, Grifchow, and others. 

In the year 1760 all the learned Societies in Europe 
made preparations for obferving the tranfit of Venus 
over the fun, which had been predicted by Dr. Halky 
more than 80 years before, and the ufe that might be 
made of it in determining the fun’s parallax, and the 
diftances of the planets from the fnn. And the fame 
exertions were repeated, to obferve the tranfit in 1769, 
by fending ohfervers to different parts of the world, for 
the more convenience in obferving. And from the whole, 
Mr. Short computed that the fun’s parallax was neatly 
8j feconds, and confequently the' diftance of the fun 
from the earth about 241.14 of the earth’s diameters, 
or 96 millions of miles. . ' . . 

Dr. Bradley was fuoceeded, in 1762, in his office of 
Aftronomer Royal; by Mr. Blifs, Savilian profcflbr of 
aftronomy; who being in a declining ftate of health, 
did not long enjoy it. But, dying in 1765, was fuc- 
ceeded by the learned Nevil Ma&dyne, D. D. the pre- 
fent Aftronomer Royal, whb has dtfeharged the duties 
of that office with toe greateft honour to hjpifelf, and 
benefit to the fcience. In January 1761 this gentleman 
was fent by the Royal Society, at a very early age, to 
the Ifland of St. Helena, to obferve the tranfit of Ve¬ 
nus over the fun, and the parallax of the ftar Sirius. The 
ftrft of thefe objefts partly failed, by clouds preventing 
the fight of the ad internal coma ft; and the ad alfo, 
owing to Mr. Short having fufpended the plumbline by 
a loop from the neck of the central pin. However, our 
aftronomer indemnified himfelf by many other valuable 
obfervations: Thus, he obferved at St. Helena, the tides; 
the horafy parallaxes of themoonj and the goinggpif a 
clock, to find, by companion with its previous going * 
which had been obferved in England, the -difference 
of gravity at the two places: alfo, in going out aud 
returning, he pra&ifed the method of finding the lon¬ 
gitude by the lunar tliflancftj taken with a Hadley’s 
Quadrant, making out rules for the ufe of feamen, and 
taught the method to the officers on board the (hip 
which he afterwards explained in a U tter to the Secre¬ 
tary of the Royal Society, inferted in the Philof. Tranf. 
for the year 1762, and dill more fully afterwards, in the 
Britifli Mariner’s Guide, which he publifhed in the year 
1763. He returned from St. Helena iu the fpring of 
176a, after a ftay there of to months; and in Septem¬ 
ber 1763 'failed for the ifland of Barbadoes, to fettle the 
longitude of the place, and to Compare Mr. Harrifon’s 
watch with the time there when this gentleman 
fhould bring it out: another object was alfo to try Mr. 
Irwin’s marine chair, which he did in his way out. 
While at Barbadoes, be alfo made many other observa¬ 
tions, and amongft them, many relating to the moon’s 
horary parallaxes, not yet publ ifhed. Returning to 
England in the latter part of the year 1764, he_ Was 
Y appointed 
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appointed in 1765 to Succeed Mr. Bills at Aftrortoraer 

E , and immediately recommended to the Board of 
itude the lunar method of finding the longitude, 
land propofcd to them the projeft of a Nautical Almanac, 
to be calculated and publiihed to facilitate that method; 
tbit they agreed to, and the firft vol. was publiihed for 
1767, and it has continued ever fince under bis direc¬ 
tion, to die great benefit of navigation and univerfal 
commerce. 

A multitude of other ufeful writings by. this gentle- 
man are inferted in the volumes of the Philof. Tranf. 
and particularly in confequcnce of a propofal, made by 
him to the Royal Society, the noble projeft was formed 
of meaftiring very accurately the effeft of fome mountain 
on the plumb line, in deflefting it from the perpendicu¬ 
lar ; and the mountain of Schehallicn, in Scotland, hav¬ 
ing been fouud the moil convenient in this iflant^ for the 
pur;ofe, at the requeft of the Society, he went into 
Scotland to conduit the bufinefs, which he performed 
in the moil accurate manner, fhewing that the fum of 
the deflections on the two oppofite fines was about 11 j 
ftc onds of a degree ; and proving, to the fatisfa&ion of 
the whole world,, the univerfal attraction of all matter, 
From the data refilling from thefe meafures I Itave com¬ 
puted the mean denfity of the whole matter in the earth, 
which I have found to be about 4} times that of com¬ 
mon water. B elides many learned and valuable papers 
in the Philofophical Transitions, and the moil afuduous 
exertions in the duties of theobfcnratory,.as abundantly 
appears by the curious and voluminous obfervatioas 
which he has publiihed, the world is particularly ob¬ 
liged to hfs endeavours with the Board of Longitude, 
for the publication of the Nautical Ephemeru, and the 
method of obferving the longitude, by the ditlances of 
the moon and ilars, now adopted by all nations, and by 
which, the pradice of Navigation has been brought to 
the greateil perfection. 

Finally, the difeoveries of Dr. Herfchcl form a new 
sera in aftronomy. He firft, in 1781, began with ob¬ 
servations on the periodical Aar in Collo Celt, and a new 
method of meaftiring the Innar mountains, none of 
whjj^ he made more than half a mile in height: and, 
having conftru&cd telefcopes vaftly more powerful than 
any former ones, he proceeded to other obfervations, 
concerning which he has had feveral papers printed in 
the Philofophical Tranfa&ions ; as, on the rotation of 
the planets round their axes; On the parallax of the 
fixed liars; Catalogues of double, triple, &c liars; On 
the proper motion of the fun and folar Tyftem; On the 
remarkable appearances of the folar regions of the pla¬ 
net Mars, &c. And, above all, bis diicovery of a new 
primary planet, on the 13th of March 1781, which he 
calls the Georgian Planet , but it is named the Planet 
Herfcbet by tne French and other foreign aftronomers; 
by which, and its two fatellites, which he has alfo.dif- 
covered lince that time, he has greatly enlarged the 
bounds of the folar fyftero, this new planet being more 
than twice as far from the inn as the planet Saturn. 

Lifts and hiftorical accounts of the.principal writings 
and authors on aftronomy are contained in Wejdlers 
Hiftory of Aftronomy, which is brought down to the 
jear 1737. There is tufo Bailly’s Hiftory of aftronomy, 
ancient and modlrn. For this purpofc, confult alio 
the following authors, viz, Adam, Veils us, Bayle, 
Chauffepil, Nicerou, Perraut, the chronological table of 


Riccioli, andtbat of Sberbwp, at thf end pf hi* edition 
of Manilius; ilfo the fiittV^ume of I*„ia LanUe’a 
aftronomy- The moremodero, and popuwf banks on 
aftronomy, are very numerous, and well known: as 
thofe of Fergulbn, Long, Emerfon, Vince, Dc la Lande, 
Leadbetter, Brent, .Whifton, Wing,. Street, & c, 
3 pc. 

ASTROSCOPE, a kind of aftronomical inflrument, 
compofed of two cones, on the furface of which arc de¬ 
lineated the confteUations, with their liars, by means of 
which thefe may eafily be knowii iy the heavens. The 
aftrofeope was invented by William Shukhard, profeftbr 
of mathematics at Tubingen, upon which he publiihed 
a treatife in 1698. 

ASTROSCOPIA, the art of obferving and examin¬ 
ing the Hare, by means of teiefcopes, to difeover their 
nature and properties. 

ASTROTHEMATA, the places or petitions of 
the liars, in an aftrological feheme of the heavens. 

ASTROTHESIA, is ufed by fome for a conftella- 
tion or colleltion of liars in the heavens. 

ASTRUM, orAsTXON, a conftellation, or aflem- 
blage of liars: in which fenfe it is diftinguilhed from 
After, which denotes a fingle liar. Some apply the term, 
in a more particular fenfe, to the Great Dog, or rather 
to the large bright liar in his mouth. 

ASYMMETRY, the want of proportion, otherwife 
exiled incommenfur ability, or the relation of two quan¬ 
tities which have no common mcafurc, as between x and 
tjz, or the fide and diagonal of a fquate. 

ASYMPTOTE, is properly a right line, which ap¬ 
proaches continually nearer and nearer to fome curve, 
whole afympote it is faid to be, in i'uch fort, that when 
they are both indefinitely produced, they are nearer 
together than by any aflignable finite diftance; or it may 
be confidcred as a tangent to the curve when conceived 
to bffjBMduced to an infinite diftance. Two curves are 
xlfo frjjflpfr be afymptotical, when they thus continu¬ 
ally applltcli indefinitely to a coincidence: thus, two 
parabouu, placed with their axes in the fame right line, 
are afymptotes to one another. 

Of lines of the fccond kind, or curves of the firft kind, 
that is the conic fellions, only the hyperbola has ■afymp¬ 
totes, which arc two in number. All curves of the 
fccond kind have at lcalt one afymptote; but they may* 
have three. And all curves of the third kind may have 
four afymptotes. The conchoid, cifioid, and logarithmic 
fturve, though not reputed geometrical curves, nave tach. 
one afymptote. And the branch or leg of a curve that 
has an afymptote, is faid to be of the hyperbolic kind. 

The nature of afymptotes will be eafily conceived 
from the inftance of the afymptote to the conchoid. 
Thus, if, ABC &c be part of a conchoid, and the line 
MN be fo drawn that the parts FB, GC, HD, IE, &c» 
of right lines, drawn from the pole P, be equal to each 
other; then will the line MN be the afymptote of the 
curve: becaufe the perpendicular Cr is fnorter than FB, 
and Drf than Ce, Ac; fo that the two lines cqptinually 
approach; yet the points Ee&c can never coincide. 
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Asymptote* of th* Hv>s**otA AMr t&tto dcfcribed, 
Suppofe ti right fine DE drtwh to touch die curve it 
«ny point A, andequal to the conjugate di of Jbedi. 
aroete ACB drawn to that point A,viz, AD or AE 
equal to the femiconjogate Get or Ce | fhert the two 
lines CDF* CEH, drawn from the centre C, through 
the points D and E, are the two afymptotcs of the 
curve. ■>» 



The parts of any right line* lying between the curve 
of the common hyperbola and its asymptotes, are equal 
to one another on both Tides* that is, gO = In 
like manner, in hyperbolas of tire Second kind, if there 
be drawn any right line cutting both the curve and its 
three afymptotcs iMtfrrce points* the Sum of thfc two 
parts of tliat righf^me extended in the fame direction 
from any two of the afymptotes to twb points of the 
curve, is equal to the third part which extends in the 
contrary direction from the third'afymptote to the third 
point of the curve. 

If AGK be an hyperbola of any kind, whofe nature* 
with regard to the curve and afymptote, is expreffed by 
this general equation x m y n ass a m * ", where x is ss CF* 
andy = FG drawn any where parallel to the other afymp¬ 
tote CH ; and the parallelogram CFG 1 be completed: 
Then m — n is to n, as this parallelogram CFGI is to the 
hyperbolic fpace FGK, contained under the determinate 
line FG, with the afymptote FK and the curve GK, 
both indefinitely continued towards K. So that, if at be 
greater than n, the faid afymptotic Space is finite and 
cjuadrable : but when m — n, as in the comnfon or co¬ 
nic hyperbola, then m — n =.o, the ratio of that fpace 
to the faid parallelogram, is as n to o: that is, the hy¬ 
perbolic Space is infinitely great, in refpeft of the finite 
arallelogram : and when m is lefs than «, then, m — n 
eing negative, the afymptotic fpace is to the determi¬ 
nate parallelogram, as a pofitive number is to a negSQW 
one, and is what Dr. Wallis calls more than infinite. 

Asymptote of the Logarithmic Curve. If 
LMN be the logarithmic curve, QON an afymptqffi^ 
LQ_um} MF ordinates, MO a tangent, and POwHft: 
fubtangent, which in this curve is a eon flint quantnfljF 
Then the indeterminate fpace LMNQJs equal to LQ_ 
X PO, the re£langle under the ordinate L(^ and the 
conftant fubtangent PO j and the folid generated by the 
rotation of that curve fpace about the afymptote N<^, 
is equal to half the cylinder, whofe altitude is the faitf 
conftant fubtangent PO, aud the radius of its bafe is 
L< ^ 

Asymptotes, by feme, are diftlnguilhed into va¬ 
rious orders. The afymptote is faid to be of the firft 
order, when it coincides with the bafe of the curvilinear 
figure : of the 2d order, when it is u right line parallel 
to the bafe: of the 3d order, when it u a right line ob- 
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lique to the‘bafe: of tjre 4th ordepj when it it the com¬ 
mon parabola, having its axis perpendicular *0 the bafe ; 
and,. in general, of the * + 2 order, wheb it is a para¬ 
bola Whofe ordinate is always as. the n power of the bafe. 
The afymptote is oblique to the bafe, when Ac ratio 
of the firft fluxion of the ordinate to the fluxioi^pf the 
bafe, approaches to ah aflignable ratio, u itsfimitj but 
itis parallel to the bafe, or coincide* with it, when thia 
' limit is not alfigoable. 

The doftriue .and determination of the afymptotes 
of curves. Is a curious part of the higher geometry. 
Fontenelle has given fcveral theorems relatiog to this 
fubjeft, in bis Gebmetri* it Plnjtm. Sec alfo Stirling’s 
Lineg Tertii Ordinis, prop, vi, where the fubjeft of 
Afymptotes is learnedly treated; and Cramer’s Intro- 
duOion a Vtmab/fe, dot lignci ceurbet, art, 147 feq. for 
an excellent theory of afymptotes of geometrical curves 
and their branches. Likewife Maclaurin’s Algebra, 
and his Fluxions, book i, chap. 10, Where he has care¬ 
fully avoided the modern paradoxes concerning infinites 
and infinitefimais. But the cafiefl way of determining 
afymptotes, it (eems, is by con fidering them as tao- 

g ents to tlie curves at an infinite diiiancc from the 
eginning of the abfeifs, that is when the abfeifs x is 
infinite in the equation of the curve, and in Ac pro¬ 
portion of* toji, or in that of the fubtangent to the 
ordinate. 

The areas bounded by curves and their afymptotes, 
though indefinitely extended, have fometimes limits to 
which they may approach indefinitely near: and this 
happens in hyperbolas of all kinds, except the firft or 
Apollonian, and in the logarithmic curve; as was ob¬ 
served above. But in the common hyperbola, and 
many other curves, the afymptotical area has no fuch 
limit,'but is infinitely great.—Solids, too, generated 
by hyperbolic areas, revolving about their afyraptotcS, 
have fometimes tfceir limits $ and fometimes they may be 
produced till they exceed any given folid.—Alfo the 
Surface of fuch folid, when fuppofed to be infinitely 
produced, is either finite or infinite, according as the 
area of the generating figure is finite or infiiute. 

ATLANTIDES, a name given to theTleiades, or 
feven liars, fometimes alfo called Vergilise. They were 
thus called, as being fuppofed by the poets to have bees 
the daughters either of Atlas or his brother Hefperus, 
who were tranflated to heaven. 

ATMOSPHERE, a term ufed to fignify the whole 
of the fluid mafs, confiding of air, aqueous and other 
vapours, ele&ric fluids, &c, which furrounds the earth 
to a conliderable height, and partaking of all its mo¬ 
tions, both annual and diurnal.. 

The compofition of that part of our atmofphere pro¬ 
perly’called air, was till lately but very little known. 

■ Formerly it was fuppofed to be a Simple, homogeneous, 
and elementary /fluid. But the experiments of Dr. 
Prieftley and others, have difeovered, that even the purdl 
kind of air, which they tall dephlogifticatcd, is in real¬ 
ity a compound, and might be artificially produced in • 
varioiMMyaya. This dcpmogifticated air, however, is 
but part of the compofition of our atmofphere. 

Byfeffime experiments, the air wc ufually breathe, is 
compofed of ouly one-fourth part of (his depblogifti-. 
catcd air, or perhaps Ids; the other three parts, 01 
more, confifting of what Dr. Prieftley call sf/dtigl/iicated, 
and M. Lavoifier mefbitie air. 
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Befide thefe forts of sir, it is obvious tlfet the whole 
nafs of the' atmofohere contains a great deal of 
water, together with a vaft heterogeneous colle&ion of 
particles railed from all bodies of matter on the fur- 
face of the earth, by effluvia, exhalations, &c; fo 
that it may be considered as a chaos of the particles of 
all, forts of matter confufedly mingled together. And 
hence the atmofphere has been conlidcred as a large che¬ 
mical veflel, in which the matter of all kinds of fub- 
lunary bodies is copioufly floating; and thus expofed 
to the continual aftion of that immenfe furface the fun ; 
from whence proceed innumerable operations, fublima- 
tions, reparations, compofitions, digcilions, fermen¬ 
tations, putrefra&ions, Sec 

There, is, however, one fuhftanue, namely the elec¬ 
trical fluid, which is very difiinguifhable in Jthc mafs of 
the atmofphere. To meafure the abfolute quantity of 
this fluid, either iu the atmofphere or any other fob- 
fiance, is perhaps impoiflble: and all that we know 
on this fubjedt is, that the cle&ric fluid pervades the at- 
mofphcrc ; that it appears to be more abundant in the 
fnperior than the inferior regions ; that it feems to he 
the immediate bond of connexion between the atmo¬ 
fphere and the water which is fufpended in it j and that 
by its various operations, the phenomena of hail, rain, 
fnow, lightning, and the otlurr kinds of meteors are 
occafioncd. See thofe refpeflive articles; and fee alfo 
Beccaria’s Eflay on Atmofpheric Electricity, an¬ 
nexed to the Englifh tranllation of his Artificial Elec¬ 
tricity. 

Ufa of the At mose h ere. —Theufesofthe atmofphere 
are fo many and great, that it feems indeed abfolutely 
neceffary, not only-to the comfort and convenience of 
men, but even to the exiftence of all animal and vege¬ 
table life, and to the very conftitution of all kinds of 
matter^ whatever, and without which they would not 
be what they are: for by it we live, breathe, and have 
our being; and by inflnuating itfclf ffito all the vacu¬ 
ities of bodies, it becomes the great fpring of motl of 
the mutations here below; as genqration, corruption, 
diflolution, See ; and without which none of thefe ope¬ 
rations could be carrted-on. Without the atmofphere, 
no animal could cxift, or indeed be produced ; neither 
any plant, all vegetation cealing without its aid ; there 
would be neither rain nor dews to moiften the face of 
the ground ; and though we might perceive the fua 
and ftars like bright fpetks, we fhould be in utter dark- 
aefs, having none of what we call day light or even 
twilight: nor would either fire or heat ex ill without 
it. In fhort, the nature and conflitution of all matter 
would be changed and ccafe ; wanting this univerial 
bond and conflitnting principle. - < 

By the mechanical force of the atmofohere too, as 
well as its chemical virtues, many neceffary purpofes 
ate anfwercd. We employ it as a moving power, in 
the motion of (hips, to turn mills, and for other fuch 
ufes. And it is one of the great difeoveries of the mo¬ 
dern philofophers, that the feveral motions attributed 
by the ancients to a fuga vacui , are really owingtp the 
preflu res of the atmofphere. Galileo, having Mftfflred 
(hat there was a certain ftandard altitude, beyogg§ppklt' 
no watt? could be elevated by pumping, took an oesafion 
fromthence to call in quellion the doctrine of the fchools, 
which aforibed the alceat. of water in pumps, to the 


fug a vacui, and inftead of it he happily fubftituted the 
hypothefis of the weight and prefliire of the air. It 
was with him, indeed, little better than an hypothefis, 
fince it had not then thofe confirmations from experi¬ 
ment, afterwards found out by-his pupil Torricelli, 
and other fucceeding philofophers, particulaily Me 
Boyle. 

Nor liave the attempts to fly or float through the air 
been altogether without fuccefe. F. De Lana thought 
he had contrived an aeronautic machine for navigating 
the atmofphere ; and Sturmius, who examined it, at- 
ferted that it was not impracticable : though Dr Hook 
was of a different opinion, and detected the fallacy of the 
contrivance. Roger Bacon, long before,, propofed 
fomething of the feme kind. The great fecret of this 
art is to contrive a machine fo much lighter than the 
air, that it will rife up and float in the atmofphere, and. 
together with itfclf, buoy up and carry- men along with 
it. The principle on which it is to be effected is, by 
means of an air pump, to exhauft the air from a very 
thin and light, yet firm, metalline vcffel. - But the hopes 
of fuccefs in fuch an enterprise will appear very fmall if 
it be confidered, that if a globe were formed of brafs of 
the thicknefs only of T ', of in inch, fuch a globe would 
require to be about 277 feet in diameter to float iR the 
air: and if, as De Lana fuppofa^jhe diameter of the 
globe were but 2£ feet, the thiclflBsof the metal could 
not exceed Vj erf an inch. See Herman’s Phoronomia 
pa. 158. However, what is not to be expected from 
metalline globes or (hells, has now been fucccfsfully ac- 
complifhca by the balloons of doth, (ilk, or (kin, 
of Montgolfier and others. See the article Aerofta- 
tion, &c. 

Salubrity of the Atmosmiere. On the tops of 
mountains the air is generally more falubrious than in 
pits or very deep places. Indeed denfe air is always 
more proper for refpiralion, as to the mere quality of 
denfity only, than that which is rarer. But then the 
air on mountains, though rarer, is freer from phlogiilic 
vapours than that of pits ; and hence it ha* been found 
that people can live very well on the tops of mountains, 
even when the air is but about half the denfity of that 
below. But it would feem that at fome intermediate 
height between the two extremes, the air is the mod 
falubrious and proper for animal life ; and this height, 
according to M. dc Sauffure, it about 500 or 600 yards 
above the level of the fea. 

^flefidea the difference arifing from the mere difference 
of altitude, the falubtity of the atmofphere is greatly 
affe&ed by many other circumftances. The air, when 
confined or ftagnant, is commonly more impure than 
agitated and (hifted : thus, all ciofe places are 
iJHadthy, and even the air in a bed chamber is left fa- 
lubrious In a morning, after it has been flept in, than in 
the evening. Dr White, in vol. 68 Philof. Tranf. 
gives an account of experiments on this quality of the 
air, and remarks one inflancc when the air was particu¬ 
larly impure, vix September 13, 1777 ; when the ba¬ 
rometer flood at 30*30, the thermometer at 69° ; the 
air being then dry and fultry, and no rain having fallen 
for more than two weeks. A flight (hock .of an earth¬ 
quake was perceived that day. in vol. 70 of the fame 
Tranfa&ions Dr. Ingcnlioufx gives an account of fome 
experiments on this head, name in various places and 

situations: 
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fituationss he finds,” That the air at &a, and clofe to 
it, is in genera! purer, and fitter for animal life, than 
the air on the hndbut the DoAor did not find mdch 
difference between the air of the towns'and of the coun¬ 
try, nor between one town and another. "The AbW 
Fontana, made nearly th$ fame conclufions, -from ac¬ 
curate experiments, averting, “ that the difference be¬ 
tween the air of one country and'that of another, at 
different times, is much lei's than what is commonly be¬ 
lieved t and yet that this difference in the purity of the 
air at different times, is much greater than the difference 
between the air of the different places obferved by him.'* 
Finally M. Fontana concludes, that “ Nature is nqt fo 
partial as we commonly believe. She has not only 
given us an air almoft equally good every where at every 
time, but has allowed us a certain latitude, or a power* 
of living and being.in health in qualities of air which 
differ to a certain degree. By this I do not mean to 
deny the cxiftence of certain kinds of noxious air in 
fome particular places; but only fay, that in general 
the air is good every where, and that the fmall differen¬ 
ces are not to be feared fo much as forae people would 
make us believe. Nor do I mean to fpeak here of tliofe 
vapours and other bodies whichare accidentally joined to 
the common air in particular places, but do not change 
its nature and intrinfical property. This ftatc of the 
air cannot be known by the tell of nitrous air; and 
thofc vapours are to be confidered in the fame manner 
as we fhould confider fo many particles ofarfenic fwim- 
ming in the atmofphere. In this cafe it is the arfenic, 
and not tbc degenerated air, that would kill the animals 
who ventured to breathe it.” „ 

Figure of the Atmosphere. —As the atmofphere en¬ 
velops all parts of the furfacc of our globe, if tncy both 
continued at reft, and were not endowed with a diurnal 
motion about their common axis, then the atmofphere 
would be cxadtly globular, according to the laws of 
gravity ; for all the parts of the furface of a fluid in a 
hate of reft, mult be equally removed from its centre. 
But as the earth and the ambient parts of the atmofphere 
revolve uniformly together about their axis, the differ¬ 
ent parts of both have a centrifugal force, the tendency 
of which is more confiderable, and that of the centripe¬ 
tal lefs, as the parts are more remote from the axis ; 
and hence the figure of the atmofphere muft become an 
oblate fpheroid ; fince the parts that correfpond to the 
equator are father removed from the axis, than the 
parts which correfpond to the poles. Befides, the fi¬ 
gure of the atmofphere muft, on another account, rc- 
prefent a flattened fpheroid, namely becaufe the fun 
nrikes more dire&j^ the air which encompaffes the 
equator, and is comprehended between the two tropics, 
than that which pertains to the polar regions: for, from 
hence it follows, that the mafs of air, or part of the at¬ 
mofphere, adjoining to the poles, being lefs heated, 
•annot expand fo much, nor reach fo And yet, 

notwithftanding, as the fame force which contributes 
to elevate the air, diminifhes its gravity and preffure on 
the furface of the earth, higher columns of it about 
the equatorial parts, aQ other circumftances being- 
the fame, may uot be heavier than thofe about the 
poles. 

In the Traofa&ions of the Royal Irifh Academy for 
3788' Mr Kirwin has as ingenious differtatios on the 
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figure, height, weight, Are, of the atmofphere* Het»B- 
ferves that, in the natural ftate of the atmofphere, that 
is, when the barometer would every where, at the level 
of the lea, ftaijd .at 30 inches, the weight of the atmo* 
fpbere, at the furface of the fea, muft.be equal all over 
the globe ; and in order to produce this equality, as 
the weight proceeds from its denfity and height, it muft, 
be loweft where the denfity is greateft, and higbeft 
where the denfity is leaftj that is, higheft at the 
equator and loweit at the poles, with feveral intermedi¬ 
ate gradations. 

Though the equatorial air however be lefs denfe to a 
certain height than the polar, yet at fome greater 
heights it muft be more denfe : for fince an equatorial 
and polar column are equal in total weight or mafs, Ike 
lower part of the equatorial column, being more ex- 

f landed by heat Stc than that of the polar, muft have 
cfs tnafs, and therefore a proportionably greater part 
of its mafs muft be found in its fuperior fe&'ion ; fo that 
the lower extremity of the fuperior feftion of the equa¬ 
torial column is more compreffed, 'and confcquently 
denfer, than the corrcfponding part of the polar co¬ 
lumn. The fame thing is to be under flood alfo of the 
extra-tropical columns with refpeift to each other, 
where differences of heat prevail. 

Hence, in the higheft regions of the atmofphere, the 
denfer equatorial air, not being Supported by the col- . 
lateral extra-tropical columns, gradually flows over, 
and rolls down to the north and fouth. 

T-hefe fuperior tides confill chiefly of inflammable air, 
as it is much lighter than any other, and is generated ia 
great plenty between the tropics; it furnifhes the matter 1 
of the aurorx borealis and aultralis, by whofe combuftion 
it is deftroyed, elfe its quantity would in time become 
tdo great, and the weight of the atmofphere annually 
increafed; but its combuftion is the primary fouyre of 
the greateft perturbations of the atmufphere. 

Iv eight or Preffure of the ATMOSPHERE.-— It is evi¬ 
dent that the mats of the atmofphere, in common with 
all other matter, muft be endowed with weight and 
preffure $ and this principle was afferted by almoft all 
philofophers, both ancient and modern. But it was 
only by means*ofthe experiments made with pumps and 
the barometrical tube, by Galileo and Torricelli, that 
we came to the proof, not only that the atmofphere is 
endued with a preffure, but alfo what the mcafure and 
quantity of that preffure is. Thus, it is found that the 
preffure of the atmofphere fuftains a column of quick¬ 
silver, in t^f tube of the barometer, ofabout 30 inches 
in height; it therefore follows, that the whok preffure 
of the atmofphere is equal to the weight of a column of 
quickfilver, of an equal bafe, and 30 inches height: 
and becaufe a cubical inch of quickfilver is found to 
weigh nearly half a pound averdupois, therefore the 
whole 30 inches, or the weight of the atmofphere on 
every fquare inch of furface, is equal to 15 pounds. 
Again, it hns been found th|||fhc preffure of the atmo¬ 
fphere balances, in the cafe dFpumps &c, a column of 
water of about 34^ feet high ; and, the cubical foot 
of water weighing juft 1000 ounces, or 62 \ pounds, 
34? tunes 62 *, or 21581b, will be the weight of the 
column of water, or of the atmofphere on a bafe of a 
fquare foot; and confcquently the 144th part of this, 
or ijlb, is the weight of the atmofphere on a fquare 
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inclj,; the lame si before. Hence Mr Cotes computed 
that the preflure of this ambient fluid on the whole 
furface ofthe earthy ,.!* equivalent to that of a globeof 
lead of 60 miles iq ammeter. And hence alfo it ap- 
pear^, that, the preflure upon the human body muft .be 
very conliderablc j for asi every fquare inch of furface 
fuftains a preflure of 15 pounds, every fquare foot will 
fufttin 144 times as much, or 2160 pounds; then, if 
the whole furface of-a man's body he fupppftd to con* 
tain 1 j fquare feet, which is pretty near the truth, he 
muftfuftain 15 times 2160, or 32400 pounds, that is 
near ly 14^ tons weight, for his ordinary load. By 
this enormous prefTurc we Ibould undoubtedly be crushed 
' in a moment, if all parts of our bodies were not filled 
ehl^r with air or fome other elaflic fluid, the fpring of 
wluch is juft fufficient to counterbalance the weight of 
the atmofphere. But whatever"this fluid may be, it is 
certain that it is juft able to counteract the weight of the 
atmofpherc, and no more: for, if any confiderable 
preflure be fuperadded to that of the air, as by going 
into deep water, or the like, it is always fevcrcly felt 
let it be ever fo equable, at lead when the change is made 
Suddenly; and if, on the other hand, the preflure of 
the atmofpherc be taken off from any part of the human 
body, as the hand for inftancc, when put over an open 
receiver, from whence the air is afterwards extracted, 
the weight of the external atmofphete then prevails, 
and we imagine the haftd ftrongly lucked down into the 
glafs. 

The difference in the weight of the air which our 
bodies fuftain at one time more than another, is alfo 
very confiderable, from the natural changes in the flate 
of the atmofpherc. This change takes place chiefly in 
countries at fome diftance from the equator; and as 
the barometer varies at times from 28 to 31 iiyfties, or 
about one tenth of the whole quantity, it follows that 
this difference amounts to about a ton and a half on the 
whole body of a man, which he therefore fuftains at one 
time more than at another. On the increafe of this 
natural weight, the weather is commonly fine, and we 
feel ourfelvcs what we call braced and more alert and 
aiiive ; but, on the contrary, when the weight of the 
air diminifhes, the weather is bad, and people feel a 
liftlcfsnefs and ina&ivity about them. And hence it 
is no wonder that perfons fuffer very much, in their 
health, from fuch changes iii the atmofpherc, cfpeciaHy 
wlten they take place very fuddenly, for it is to this 
ctrcumftance chiefly that a fenfation of uncafinefs and 
indifpofition is to be attributed ; thus, whea the vari* 
ationspf the barometer and atmofpherc are lttdden and 
great, we feel the alteration and effeit on our bodies 
and fpirits’ very much ; but when the change takes place 
by very flow degrees, and by a long continuance, we 
are, fcarcely fnlible of it, owing, undoubtedly, to the 
power with which the body is naturally endowed, of 
accommodating itfelf to this change in the ftate ofthe 
air, as well as to the chaiMjft>pf many other circumflan- 
ces of life, the body requfflVga ceitaiu interval of time 
to effeit the alteration in its ftate, proper to that of the 
air See. Thus, in going up to the top of mountains, 
where the preflure of the atmofpherc is diminished two 
or three times more than on the plain below, little or 
no inconvenience is felt from the rarity of the air, if 
it is not mixqd with other noxious vapours &c; bccaufe 


. that, in the afeent the body has had fufficient time to 
accommodate itfelf gradually to the flow variation in 
the ftate of the atmolphere 1 .but, When a perfon afeends 
with a balloon, very rapidly‘to a great height in the 
atmofphere, he feels a difficulty in" breathing and an 
uoeafinefs of body ( and the fame is foon felt by an 
animal when inclofed in « receiver, and the air fuddenljr 
drawn or pumped out of it. So alfo, on the cotidenfa- 
tion of the air, we feel little or no alteration in our- 
fives, except when the change happens fuddenly, as 
in very rapid changes in t^e weather, and in defending 
to great depths in a diving bell, See. I have often heard 
the late linfortunate Mr. Spalding fpeak of his experi¬ 
ence on this point: he always found it abfolutely necefla- 
ry to defeend with the bell very flowly, and that only 
from one depth to another, refting a while at each 
depth before he began to defeend farther: he firft de ¬ 
fended flowly for about 5 or 6 fathom, and then flop¬ 
ped a while ; he felt an uncafinefs in his head and cars, 
which increafed more and more as he defended, till 
he was obliged to flop at the depth above mentioned, 
where the den (it y of the air was nearly doubled ; having 
remained ( there a while, he felt his ears give a hidden 
crack, and after that he was foon relieved from any 
uncafinefs in that part, and it feemed as if the deiilitv 
of the air was not altered. He then defended other y 
fathoms or 30 feet more, with the fame precaution and 
the fame fenfations as before, being again relieved, in 
the fame manner, after remaining awhile ftaiionarv at 
the next ftage of his defeent, where the dcnlity of the 
air was tripled. And thus he continued proceeding to 
a great depth, always with the fame circumftances, re¬ 
peated at every 5 or 6 fathoms, and adding the prelim e 
of one more atmofphere at every period of the pro- 
grefs. 

It is not cafy to alfign the true reafon for the varia¬ 
tions that happen in the gravity of the atmofphere in 
the fame place. One caule of it however, either imme¬ 
diate or other wife, it feems, is the heat of the fun ; for 
where this is uniform, the changes arc fmall and regu¬ 
lar ; thus between the tropics it ferns the change de¬ 
pends on the heat of the fun, as the barometer con- 
ftantly finks about half an inch every day, and rifes 
again to its former Ration in the night time. But in the 
temperate '/.ones the barometer ranges from 28 to near 
31 inches, flicwing, by its various altitude^, the changes 
that arc about to take place in the weather. If we 
could know therefore, the caufcs by which the weather 
is influenced; we fhould alfo know thofe by which the 
gravity of the atmofphere is affedted. Thefe may per¬ 
haps be reduced to immediate ones, viz, an cmifiion ot 
latent heat from the vapour contained in the atmofphere, 
or of electric fluid from the fame, or from the earth ; as 
it is obferved that they both produce the fame effect with 
the folar heat in the tropical climates, viv., to rarefy the 
air, by mixing with it, or felling loof a lighter fluid, 
which did not before ait in fuch urge proportion in any 
particular place. 

With regard to the alteration of heat and cold in the 
atmofphete, many reafons aud hypothecs have beui 
given, and many experiments made : as may he fen 
by'coufulting the authors upon this liibjctt, viz, M. 
Bouguer’s obfervations in Peru, l.amhert, l)e Luo, 
Sauflure’s journeys on the Alps, Sex’s and Darwin’. 

experiments 
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experiments invel. Htflof. TrthG' Tbi# toft ten* tnoft nakiofii <w etfaftM/* thft flHS _ 
tleman hence infer*, “ There k eeoMfoii to conclude when compItfTed by dmerttot *eij^sjv|*irri 
that in dl ctrcumftancea where juf' ta mechanically ex* proportional to thvne weight* th«lpSI*5» j dr* tbit 
panded, it becotnea capable of attracting the fluid moj-e the airia prefled, fd.mnch tneTefs fpace it takei 

matter of heat from other bodies in contact with it. up ; it follows that the ait’ in the upper rigibhi 6F tbt 

Now, as the vaft region of air which furrounds our globe atmofphere muft grow continually more and more rare* 
is perpetually moving along itsfurfece, climbing up the as it afcendB higher $ andindeedthat,accordiiigto that 
/ides of mountains, and del'ccnding into the vaWeys ; as law, it mull neceffarilt be extended to an indefinite 
it paffes along it mull be perpetually vaiyingthe degree height. Now, if we fuppofe the height of the whole 
of heat according to the elevation of the country it divided into innumerable equal parts; the quantity of 
r ' r ■' ' r ~ each part will be as its denfity j and. the weight of the 

whole incumbent atmofphere being alfo as its denfity ; 
it follows, that the weight of the incumbent air, is ever f 
where as the quantity contained in the fubjacent part* 
which caufes a difference between the weights of each 
two contiguous parts of air. But, by a theorem in 
arithmetic, when a magnitude is continually diminiibe^ 
comes in contact with. " The fame thing muft happen by the like part of itfelf, and the remainders the fame] 


traverfes: for, in riling to the fummita of mountains* 
it becomes expanded, having fo much of the preffure 
of the fuperincumbent atmofphere taken away; and 
wlien thus expanded, it attracts or abforbs heat from the 
mountains in cgptiguity with it; and, when it defeends 
into the valley* snd is cotnprefl'ed into lefa compafs, it. 
again gives out the heat it has acquired to the bodies it 


tq the higher regions of the atmofphere, which are re¬ 
gions of perpetual froft, as has lately been difeovered by 
the aerial navigators. When large diftrifts of air, from 
the lower parts of the atmofpliere, are raifed two or 
three"miles high, they become fo much expnnded by 
the,great diminution of the preffure over them, and 
thence become fo cold, that hail or fnow n produced 
by the precipitation of the vapour : and as there is, 


tnefc will be a feries of continued quantities decrcafing 
in geometrical progreflion: therefore if, according to 
the fuppofition, the altitude of the air, by the addition 
of new parts into which it is divided, do continually 
increafe in arithmetical progreflion, its denfity will he 
diminiihed, or, which is the fame thing, its gravity 
decreafed, in continued geometrical proportion. And 
hence, again, it appears that, accoraing to the hypo- 


in thefe high regions, of, the atmofphere, nothing elfc thefis of the de'niity being always proportional to the 
r '' ’ ' ’ r r ' - • cortipreffing force, the height of the atmofphere muft 

neceffarily be extended indefinitely. And, farther, a# 
an arithmetical feries adapted'to a geometrical one, ia 
analogous to the logarithms of the faid geometrical onej 
it follows therefore that the altitudes are proportional 
to the logarithms of the denfities, or weights of air ; 
and that any height taken from the earth’s furface, 
which is the difference of two altitudes to the top of 
the atmofphere, is proportional to the difference of the 
logarithms of the two denfities there, or to the loga¬ 
rithm of thccratio of thofc denfities, or their corrcfpond- 
ing comprelung forces, as meafured by the two height* 
of the barometer there. This law was firft obferved and 
demonftrated by Dr. Halley, from the nature of the 
hyperbola; and afterwards by Dr. Gregory, by meana 
of the logarithmic curve. See Philof.Tranf. N°. 18 r, or 
Abridg. vol. 2, p. 1and Greg. Aftron. lib. v, prop.3. 

It is now eafy, from the foregoing property, and 
two or three experiments, or barometrical obferva- 
tions, made at known altitudes, to deduce a gcneial rule 
to determine the abfolute height anfwering to any 
denfity, or the denfity anfwering to any given al¬ 
titude above the earth. And accordingly, calcula¬ 
tions were made upon this plan by many philofophers, 
particularly by the French ; but it having been found 
that the barometrical obfervations did not correfpond 
with the altitudes as meafured in a geometrical manner, 
it was fufpefted that the upper parts of the atmofphc- 


for the expanded air to acquire heat from after it has 
parted with its vapour, the fame degree of cold con¬ 
tinues till the air, on defeendiog to the earth, acquires 
its formerate of condenfation and of warmth. The 
Andes, almoft under the line, reds its bafe on burning 
fands: about its middle height is a moft pleafant and 
temperate climate covering anextenfive plain, on which 
is built the city of Quito ; while its forehead is encir¬ 
cled with eternal fnow,. perhaps coeval with the moun¬ 
tain. Yet, according to the accounts of Don Ujloa, 
thefe three difeordant climates feldom encroach much 
on each other’s territories. The hot winds below, if 
they afeend, become cooled by their expanfion; and 
hence they cannot affeft the fnow upon the fummit; 
and the cold winds that fweep the fummit, become con- 
denfed as they defeend, and of temperate warmth before 
they reach the fertile plains of Quito.” 

1 Light and Denfity of the Atmosphere. Various 
attempts have been made to afeertain the height to 
which the atmofphcrfc is extended all round the earth. 
Thefe commenced foon after it was difeovered by 
means of the Torricellian tube, that 31'r is endued with 
weight and preffure. And had not the air an elaftic 
power, hut were it every where of the fame denfity, from 
the furface of the earth to the extreme limit of the at- 
mofphcre, like water, which is equally denfe at all depths 
it would be a very eafy matter to determine its height 
from its denfity and the column of mercury which it 
would counterbalance in the barometer tube: for, it 


trical regions were not fubjed to the fame laws with the 
having been obfei ved that the weight of the atmofphere "lower ones, in regard to the denfity and claflicity. And 
is equivalent to a column of 30 inches or aj feet of indeed, when it is conlidcred that the atmofphere is a 
quickfilver, and the denfity of the former to that of the heterogeneous mafs of particles of all forts of matter, 
latter, as 1 to 11040$ therefore the height of the uni- fome elaftic, and others not, it is not improbable but 
form atmofphere would be 11040 times 2 \ feet, that ia this may be the'cafe, at lead in the regions very high- 
27600 feet, or little more than 5 miles and a quarter, in the atmofphere, which it is likely may more copi- 
But the air, by its elaftic quality, expands and con- oufty abound with the eleftrical fluid. Be this however 
trads j and it being found by repeated experimeats in as it may, it has lately been difeovered that the law 
6 above 
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■above given, hold* very well jfor nil fuch altitude* u are 
within our reach, or u faras to the top* of the higheft 
mountain* on the earth, when a correction i* made for 
the difference of the heat or temperature of the air only, 
a* was fully evinced by M> Dc Luc, in a long {cries of 
obfervationt, in which he determined the altitude* of 
hill* both by the barometer, and by geometrical mea- 
furement, from which he deduced a practical rule to 
allow for the difference of temperature. See hi* Trea- 
tife on the Modification* of the Atmofphere. Similar 
( rules have alio been deduced from accurate experiments, 
by Sir George Shuckburgh and General Roy, both con¬ 
curring to mew, that fuch a rule for the altitude* and 
denfitics, holds true for all heights that are acceffible 
to us, when the clailicity of the air is corrected on 
account of its denfity t and the refult of their experi¬ 
ments (hewed, that the difference of the logarithms of 
the heights of the mercury in the barometer, at two 
ftation8, -when multiplied by toooo, is equal to the 
altitude in Englifh fathoms, of the one place above the 
other; that is, When the temperature of the air is about 
31 or 32 degrees of Fahrenheit’s thermometer; and a 
certain quantity more or lefs, according os the actual 
temperature is different from that degree. 

But it may here be (hewn, that the fame rule may be 
deduced independent of fuch a train of experiments as 
thofe above, merely by the denfity of the air at the 
furface of the earth alone. Thus, let D denote the 
deofity of the air at one place, and d the denfity at the 
other; both mcafured by the column of mercury in the 
barometrical tube: then the difference of altitude be¬ 
tween the two places, will be proportional to the log. 

of D — the log. of d % or to the log. of^\ But as this 

formula exprefies only the relation between different al¬ 
titudes, and ndt the abfolute quantity of them, a flume 
fome indeterminate, but coniiant quantity h, which 

multiplying the expreffion log. —, may be equal to 

the real difference of altitude a, that is, a = h X log. 

of -j-. Then, to determine the value of the general 

quantity h, let us take a cafe in which we know the 
altitude a which correfponds to a known denfity d ; as 
for infiance, taking a — 1 foot, or 1 inch, or fume 
fuel) fmall altitude : then becaufe the denfity.D may be 
mcafured by the prefiure of the whole atmofphere, or 
the uniform column of 17600 feet, when the tempera¬ 
ture is 55 0 ; therefore 27600 feet will denote the den¬ 
fity 1") at the lower place, and 27599 the lefs denfity 
d at 1 foot above it; confcquently 1 = L x log. of 


in the tube at the lower place, and m that at the dppef 
This formula is adapted to the mean tempetature of the 
air 5$° t hut it.hu beeh found, by the experiments of 
Sir Geo. Shuckburgh and General Roy, that for every 
degree of the thermometer, different from 55 0 , the al¬ 
titude a will vary by its 435th part; hence, if wc 
would change the fa&or b from 10592 to 10000, be¬ 
caufe the difference 592 is the 18th part of the whole 
faftor 10592, and becaufe 18 is the 24th part of 43c ; 
therefore the change of temperature, anfwcring to the 
change of the faftor b, is 24°, which reduces the 55® 

]Vf , 

to 31*. So that, a ss 10000 x log. of — fathoms, is 

the cafiefi expreffion for the altitude, and anfwers to 
the tempcratuie of 31 0 , or very r.cafUy the freezing 
point: and for every degree above that, t! e refult mult 
be increafed by fo many times it8435th part, and uiini- 
nifhed when below it. 

From this theorem it follows, that, at the height of 
3.’- miles, the denfity of the atmofphere is nearly 2 times 
rarer than it is at the furface of the earth ; at the 
height of 7 miles, 4 times rarer; and-fo on, according 
to the following table: 


Height in miles. 
3 * 

7 

>4 
21 
28 
35 
4 * 

49 

63 

7 ° 


Number of timi 
2 

4 

16 

64 

256, 

1024 

4096 

16384 

fi>S36 

2U2 I44 
2048576 


27600 


*7599 


which, by the nature of logarithms, is nearly 


* x 43 t !?±t 8 „ 


nearly ; and hcn«e we 


27600 63551 

find 4 = 6355 1 * eet * which gives us this formula for* 

any altitude a in general, viz, a = 63551 x log. of , 

M 

or 0 = 6355 x * l°g- of — feet, or 10592 x log. of 

M 

— fathoms; where M denotes the column of mercury 


And,bv purfuing the calculations in this tabic, it might 
be eafiiy fhewn, that a cubic inch of the air we 
breathe would be fo much rarefied at the height «>f 
500 miles, that it would fill a fphere equal in diameter 
to the orbit of Saturn. 

Hence we may perceive how very foon the ai. be¬ 
comes fo extremely rare and light, a* to be utterly 
imperceptible to all experience} and that lienee, if aft 
the planets have fuch atmofphcrcs as our caith, they 
will, at tiie di(lances of the planets from one another, 
be.fo extremely attenuated, as to give no feufible rc- 
fiftance to the planets in their motion round the fun 
for many, perhaps hundreds or thoufands of ages to 
come. Even at the hei-du of about 50 miles, it is fo 
rare as to have no fenfible cfl'cft on the ray? of light: 
for it was found b, Kepler, and De la Hire after him, 
who computed tl.c height of the fenfible atmofphere 
from the duration of tv night, and from the magnitude 
of the terreftrial ftiadow in iuqar eclipfes, that the ef- 
feft of the atmofphere to reflcdl and intercept the light 
of the fan, is only fenfible to the altitude of between 
40 and 50 miles: and at that altitude we may colleft, 
from what has been already faid, that the air is above 
loo00 times rarer than at the furface of the earth. 
It is well known that the twilight begins and ends 
when the centre of the fun is about 18 degrees below 
the horizon, or only 17*27’, by fubtrsftmg 33' for 

refradtion, 
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' rcfradion, which faifes the ftm to much higher than 
he would be. And a rxi coming from the lua in that 
pofition, and entering tne earth's atmofphere, i» te- 
fradted and bent Into a curve line in paffirg through -it 
to'the eye. M. dc la Hire took great pains to de- 
monftrate, that, fuppofing the denfity of the atmo- 
fpherc proportional to its weight, this curve is a 
cycloid: he alfo fays, that if the ray be .a tangent to 
the atmofphere, the diameter of its generating circle 
will be the height of the atmofphc-re; and that this 
diameter increafes, till at laft, when the rays are per- 
pemmuiktr, it becomes infinite, or the circle degene¬ 
rates into a right line. This reafening fuppofes that 
the rcfra&ing furface of the atmofphere is a plane; 
bio fince it is in reality a curve, he obferves that thefe 
cvclo'ds become in fa£t epicycloids. But Herman de- 
u'Cicd ihc error of M. de la Hire, and (hewed that 
tins curve is infinitely extended, and has an afymptote. 
And it is obferved by Dr. Brook Taylor, in his Mc- 
thodus lncrem, pa. 168, &c, that this curve is one of 
the moll intricate and perplexed that can well be pro- 
pofed. The lame ingenious author computes, that 
the refra&ive power of the air is to the force of 
gravity at the furface of the earth, as 320 mill'ons 
to I. 

ConfiJcring the extreme rarity of the atmofphere at 
only 40 or 50 miles in height, it feems to be furpriz- 
Ing that fome meteors mould be enflamed at fuch 
great heights as they have been obferved at. A very 
remarkable uuc of this kind was obferved by Dr. Hal¬ 
ley in the month of March 1719, the altitude of 
which lie computed ar between 69 and 73I Englifh 
miles; its diameter 2800 yards, or more than a mile 
and a half; and its velocity about 3 50 miles in a minute. 
Others, apparently of the fame kind, but whofe alti¬ 
tude and velocity were dill greater, have been obferved ; 
p..rt : ''iilarly that very remarkable one, of Anguft 18th 
1783, whofe dillancc from the earth cpuld not be lefs 
than 90 miles, its diameter at lead as large as the 
former, —bile its velocity was certainly not lefs than 
1000 miles in a minute. Now, from analogy of rea- 
foning, *‘t Items very probable, that the meteors which 
appear at fuch great heights in the air, are not elfen- 
ti«lly dilfere.it from thole which are feen on or near 
the furf-ice m the earth. The difficulty with regard 
to the fotme.' is, that at the great heights abovermen- 
tioned, the atmofphere ought not to have any denfity 
l’ufticicnt to fupport (lame, or to propagate found ; and 
yet fuch meteors arc commonly lucceeded by one ex- 
plofion or more, and it is faid arc even fometimes ac¬ 
companied with a biffing o’fe as they pafs over our 
heads. The meteor of 1719 ot only very bright, 
feeming for a fliort time to turn night into day, but 
was attended with an cxpliiion ueard over all the if- 
land of Britain, caufing a vioie * concuffion in the 
atmofphere, and feeming *0 f. ake' the earth itfclf: 
And yet, in the regions m whi. *1 this meteor moved, 
the air ought to have been 300 thoufand times rarer 
than the air we breathe, or 1000 times rarer 
than the vacuum commpnly made by a good air-pump. 
Dr. Halley offers a conjecture, indeed, that the vail 
magnitude of fuch bodies might compcnfate for the 
thinnefs of the medium ia which they moved. But 
VoL. I. 


appearances of this kind are, by fome others, •tiff' 
mated to electricity) though die circumfiances of theta 
cannot be reconciled to that caufe; for due meteors 
move with all different degrees of velocity; and though' 
the elr&rica] fire cafily pervades the vacuum of'an air- 
pump,-yet it docs not in that cafe appear in bright 
well-defined fparks, as in the open air, but rather in 
long dreams rcfcmbling the aurora borealis; and from 
fome late experiments it has been concluded that the 
eleftric. fluid cannot even, penetrate a perfeft va¬ 
cuum. _ t 

Of the Rcfrr.d'ne and RefieFUvt Power of the At¬ 
mosphere. It has beeu obferved above, that the 
atmofphere has a refractive power, by which the rays 
of light are beat from the Tight lined direftion, as in 
the cafe of )hc twilight; and many other experiment* 
manifeil the fame virtue, which is the caufc of many 
phenomena. Alhazen, the Arabian, who lived about 
the year 1 ico, it feems was more inquifitive into the 
nature of rcfra&ion than former writers. But neither 
Alhazen,' nor his follower Vitello, knew any thing of 
its juft quantity, which was not known, to any tole¬ 
rable degree of exa&nefs, (ill Tycho Brahe, with 
great diligence, fettled it. But neither did Tycho 
nor Kepler difeover in what manner the rays of light 
wcie refrafled by the atmofphere. Tycho thought 
the refradliou was chiefly caufed by denfe vapours, 
very near the earth’s furface: while Kepler placed 
the caufc wholly at the top of the' atmofphere, which 
he thought was uniformly denfe ; and thence he de¬ 
termined its altitude to be little more than that of the 
higheft mountains. But the true conftitution of the 
denfity of the atmofphere, deduced afterwards 'from 
the Torricellian experiment, afforded a jufter idea of 
thefe rcfra&ions, efpccially after it appeared, by a re¬ 
petition of Mr. Lowthorp’s experiment, that jffie re- 
rraftive power of the air is proportional to its denfity. 
By this variation in the denfity and refra&ive power 
of the air, a ray of light, in paffing through the at¬ 
mofphere, is continually refracted at every point, and 
thereby made to deferibe a curve, and not a ftraight 
line, as it would have done were there no atmofphere, 
or were its denfity uniform. 

The atmofphere, or air, has alfo a refle&ive power; 
and this power is the means by which objtfls are en¬ 
lightened fo uniformly on all fides. The wait of this 
power would occafion a ilrange alteration in the ap¬ 
pearance of things; the (hadows of which would be 
lb very dark, and their fides enlightened by the fun 
fo very bright, that probably we could fee no more of 
them than their bright halves 1 fo that for a view of 
the othtr halves, we mult turn them half round, or if 
immoveable, mult wait till the fun could come round 
upon then). Such a pellucid unreflt&ive atmofphere 
would indeed lave been very commodious for altrono- 
mical obfervations on the cotirfe of the fun and pla¬ 
nets among the fixed ltars, vifible by day as well as by 
night; but then fuch a fudden tranfition from dark- 
nets to light, and from light to drrknefs, immediately 
upon the riling and letting of the fun, without any 
twilight, and even upon turning to or from die fun at 
noon day, would have been very inconvenient and of- 
fenfive to our eyes. However, though the atmofphere 
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' Fe greatly affiftant in the illumination of objefti,' yet 
it muft alfo be obferved that it flops a great deal of 
lights By M. Bouguer's experiments, It feems that 
the light of the moon is often 2000 times weaker in 
the horizon, than at the altitude of 66 degrees'} and 
that the proportion of her light at the altitudes of 66 
and 19 degrees, is about 3 to 2;, and the lights of 
the fun muft bear the fame proportion to each other at 
thofe heights; which Bouguer made ciioice of, as be¬ 
ing the meridian heights of the fun, at the fummer 
( and winter folftices, in the latitude of Croific in 
France. Smith's optics. Rem. 93. 

For the 'Atmofphere of the fun, moon, and planets, 
fee the refpeftive articles. 

Atmosphere of Solid or Confident Bodies, is a kind 
of fphese formed by the effluvia, or minute corpiifclcs, 
emitted from them. Mr. Boyle endeavours to (hew, 
that all bodies, even the hardeft and moft coherent, as 
gems. See, have their atmofphercs.. 

Atmosphere, in E/eSruity, denotes that medium 
which is conceived to be diffufed over the fiirface of 
eleftrified bodies, and to lome diftance around them, 
and confiding of effluvia illuing from them } by which, 

' other bodies immerged in it become endued with an 
eleftricity contrary-to that of the body to which the 
atmofphere belongs. This-was firft noticed at a very 
early period in the hiftory of this fcience by Otto 
Guericke, and afterwards by the academicians del Ci~ 
vunto, who contrived to render the eleftric atmofphere 
vifible, by means of fmokc attracted by a piece of 
amber, and gently rifing from it, but vanifhing as the 
amber cooled. Dr. Franklin exhibited this elec¬ 
tric atmofphere with greater advantage, by dropping 
rofin on hot iron plates held under eleftrified bodies, 
from which the fmokc arofe and encompaflcd the bo¬ 
dies, giving them a very beautiful appearance. But the 
theory of cleftric atmofpheres was not well explain¬ 
ed and understood for a confiderable time; and the 
inveftigation led to many curious experiments and ob- 
fervations. The experiments of Mr. Canton and Dr. 
Franklin prepared the way for the conclulion that was 
afterwards drawn from them by Meff. 'Wilcke and 
Epinus, though they retained the common opinion of 
eleftric atmofpheres, and endeavoured to explain the 
phenomena by it. The conclufion was, that the elec¬ 
tric fluid, when there is a redundancy of 'it in any 
body, repels the eleftric fluid in any other body, when 
they are brought within the fphere of each other’s in¬ 
fluence, and drives it into the remote parts of the 
body, or quite out of it, if there be any outlet for 
that purpofe. 

By Atmofphere, M. Epinus fays, no more is to be 
underftood than the fphere of aftion belonging to any 
body, or the neighbouring air deftrified by it. fug. 
Beccaria agrees in the fame opinion, that eleftrtfied bo¬ 
dies have no other atmofphere than the eleftricity com¬ 
municated to the neighbouring air, and which goes with 
the air, and not with the deftrified bodies. Mr. 
Canton alfo, having rdinquifhed the opinion that dcc- 
trfcal atmofpheres were compofed of effluvia from ex¬ 
cited or deftrified bodies, maintained that they only 
refult from an alteration in the ftate of the eleftric 
fluid contained in it, or belonging to the air furround- 
iflg thefe bodies to a certain diftance; for inftance, that 
‘ 5 


excited glafs repels the deftric fluid frqra it, end eo*« 
fequently beyond thtt diftance makes it more denfet 
whereas excited wax attrafts the eleftric fluid exilling 
in the air nearer to 4, making it rarer than it was be¬ 
fore. In the conrfe of experiments that were per¬ 
formed on this occafion. Men. Wilcke and Epinus fuc- 
ceedcd in charging a plate of air, by Appending large 
boards of wood covered with tin, with the flat Jides 
parallel to one another, and at ibme inches afunder: for 
they found, upon cleftrifying one of the boards pofi- 
tively, that the other was always negative { and a (hock 
was produced by forming a communication between the 
upper and lower plates. Beccaria hastargely confidcred 
the fubjeft of eleftric atmofpheres, in his Artificial 
Eleftricity,pa. 179 Sic, Eng. edit. Sec alfo Dr Prieft- 
ley’s Hilt, of Eleftricity, vol. ii. feft. 5. and Cavalli/s 
Eleftricity, pa. 241. 

Atmosfherk, Magnetic, isle, is underftood of the 
fphere within which the virtue of the magnet, &c, afts. 

ATOM, a particle of matter indiviliblc on account 
of its folidity, harduefs, and impenetrability; which 
preclude all diviiion, and leave no vacancy for the ad- 
miffion of any foreign force to feparate or difunitc its 
parts. As atoms are the firft matter, it is neccffary 
they ftiould be indiflolvable, that they may be in corrup¬ 
tible. Newton adds, it is alfo required that they be 
immutable, that the world may continue in the fame 
ftate, and bodies be of the fame nature now as former¬ 
ly* 

ATOMICAL Ph iLOSOrHY, or the doftrinc of 
atoms, a fyftem which accounted for the origin and for¬ 
mation of things,' from the hypothefis that atoms are 
endued with weight and motion. This philofophy was 
firft taught by Mofchus, fome time before the Trojan 
war: but it was moft cultivated by Epicurus; whence 
it is called the Epicurean philofophy. 

AT TRACTION, or Att aci ive Power, a gene¬ 
ral term ufed to denote the caufe, power, or principle, 
by which all bodies mutually tend towards each oilier, 
and cohere, till feparated by fome other power. The 
laws, phenomena, &c, of attraftion, form the chief fub. 
jeft of Newton's philofophy, being the principal agent 
of nature, in almoft all her wonderful operations. 

The principle of attraftion, in the Newtonian fenfe 
of it, it feeins was fu fl furmifedby Copernicus. “ As 
for gravity, fays he, I confiderit as nothing more than 
a certain natural appetence (appetentia) that the Creator 
has imprefled upon all the parts of matter, in order to 
their uniting or coalefcing into a globular form, for 
their better prefervation; and it is probable that the 
fame power is alfo inherent in the fun and moon, and 
planets, that thofe bodies may conitantly retain that 
round form in which we fee them/’ De Revo/. Orb. 
Calefl. lib. i, cap. 9. Kepler calls gravity a corporeal 
and mutual a&ftion between fimilar bodies, in order to 
their union. Aft, Nov, in Introd. And he pro¬ 
nounced more pofitively that no bodies whatever were 
abfolutely light, but only relatively fo; and confe- 
qnently that all matter was fubjefted to the power and 
law of gravitation. Ibid. 

The firft in this country who adopted the notion of 
attraftion, was Dr. Gilbert, in his book Dt Magnete ; 
and the next was the celebrated Lord Bacon, in his 
Nov, Organ, lib. ii, aphor. 36, 45,48, Sylv. cent, i, 

«xp». 



trttp. 33 1 alb in hi* treatife Dt J fata, pwu'cultrly un* 
dcr the articles of the 9th and the 13th torts of Motion. 
In France it was received by. Fermatand JlobemI# and 
in Italy by Galileo and Borelli. But till Newton ap¬ 
peared, this principle was very imperfe&ly defined'and 
applied. 

it muft be obferved, that though this great author 
makes ufe of the word attraction, in common with the 
School philofophers, yet he very ftudioufiy diftiuguifhes 
between the ideas- The ancient attraction wbb con¬ 
ceived to be a kind of quality inherent in certain bodies 
themfelvea, and ariiing from their particular or Specific 
forms. But the Newtonian attraction is a more inde¬ 
finite principle j denoting not any particular kind or 
mode of adtion ; nor the phyfical caufe of fuch adtion ; 
but only a general tendency, a ctmatut atce 4 eiuli, to 
whatever caufe, phyfical or metaphyfical, fucli effedl be 
owing; whether to a power inherent in the bodies 
thcmfelves, or to the impulfe of an external agent. 
Accordingly, that author remarks, in his Philo/- Nat, 
Priii. Math. “ that he nfes the words attroftion, im- 
ful/r, and propenfion to the centre, indifferently ; and 
cautions the reader not to imagine that by attraction he 
expreffes the modus of the adtion, or its efficient caufe, 
as if there were any proper powers in the centres, which 
in reality are only mathematical points; or as if centres 
could attradti" Lib. i, pa. j. So, he “confiders cen¬ 
tripetal powers as attractions, though, phyfically fpcak- 
ing, it were perhaps more juft to call them impulfes. 
Ib. pa. 147. He adds, “ that what he calls attradtion 
may poflibly be effedted by impulfe, though not a com¬ 
mon or corporeal impulfe, or after fome other manner 
unknown to us. ” Optic, p. 3*2. 

Attradtion, if confidered as a quality arifing from the 
fpccific forms of bodies, ought, together with fympa- 
♦hy, antipathy, and the whole tribe of occult qualities, 
to be exploded. But when thefe are fet afide, there 
will remain innumerable phenomena of nature, and par¬ 
ticularly the gravity or weight of bodies, or their ten¬ 
dency to a centre, that argue a principle of adtion feem- 
ingly diftindt from impulfe ; where, at leaft, there is no 
fenfible impulfion concerned., Nay, what is more, this 
adtion, in fome refpedts, differs from all impulfion we 
know of; impulfe being always found to adt in propor¬ 
tion to the furfaccs of bodies ; whereas gravity adts ac¬ 
cording to their folid content, and coniequentJy it muft 
arife from fome cable that penetrates or pervades, the 
whole fubftance of it. This unknown principle, un¬ 
known we mean in refpedt of its caufe, for its pheno¬ 
mena and effedts arc moil obvious, with all its fpecies 
and modifications, is called attradtion being a gene¬ 
ral name, under which may be ranged all mutual ten¬ 
dencies, where no phyfical impulfe appears, and which 
consequently cannot be accounted for upon any known 
laws of nature. 

And hence arife divers particular kinds of attradtion ; 
as Gravity, Magnctifm, ElcQricity , tsV, which are fo 
many different principles, adting by different laws; 
and only agreeing in this, that we do not perceive any 
phyfical caufes of them: but that, as to our fenfes, 
they may really arife from fome power- or efficacy in 
fuch bodies, by which they are enabled to adt even up¬ 
on diftant bodies; though our rcafon abfolutely dif- 
jdbws of any fuch adtiou. 
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' Attradtion may be divided, with refpedt to.thf hmr ft 
•bfenres, into two kinds, 

1 . That which extends to a fenfible Alliance, As 
* the attradtion of gravity, which is found in all bodies; 
and the attradtions of magnetifm and eledtricity, fouhd 
only in particular bodies. The , feveral laws and 
phenomena pf each, fee under their relpedtive ar¬ 
ticles. 

The attradtion of gravity, called alio among mathe¬ 
maticians the centripetal force, if one of the greateft and 
moil univerfal principles of all nature. We fee and 
feel it operate on bodies near the earth, and find by 
abfervation that the fame power (i. e. a power which 
adts in the lame manner, and by the iarnc rules, viz, 
aways proportionally to the quantities of matter, and 
- invenefy as the fquares of the diftances) does alfo ob¬ 
tain in the moon, and the other planets, both primary 
and fecondary, as well as in tne comets; and even 
that this is tlio very power by which they are all re¬ 
tained in their orbits, &c. And hence, as gravity 
is found in all the bodies which come under our ob- 
fervatiou, it is cafily'inferred, by one of the eftablifhed 
rules of philofophtzmg, that if obtains in allr others. 
And fmcc.it is found to be proportional to’the quantity 
of matter in any body, it muft exift in every particle of 
it: and hence it is proved that-every particle in nature 
attracts every other particle. 

From this attradtion arifes all the motion, and confe- 
quently all the mutation, in the great world. By this 
heavy bodies defeend, and light ones are made to afeend ; 
by this projedtiles arc directed, vapours and exhalations 
rife, and rains &c fall: by this rivers glide, the ocean 
fwtills, the air preffes, &c. In fhort, the motions and 
forces arifing from this principle, conftitute the fubjedk 
of that exteniive branch of mathematics, called mechanict 
or Jlatict , with the parts or appendages of it,. Zfhydro- 
ftatics, pneumatics, hydraulics, See. 

2. That which does not extend to fenfible diftan¬ 
ces. Such is found to obtain in the minute particles of 
which bodies are compofed, attracting eaoti other at' or 
extremely near the point of contact, with forces often 
much fuperior to that of gravity, but Which at any dif- 
tance decreafe much fafter than the power of gravity. 
This power a late ingenious author-calls the attraHioa 
of cohefion, as being that by which the atoms or in- 
fenfible particles of bodies arc united into fenfible 
maffes. 

Tliis kind of attraction owns Sir Ifaac Newton for 
its difeoverer; as the former does for its improver. The 
laws of motion, percufiion, &c, in fenfible bodies, under 
various circumftances, as falling, projc&cd, See, ascer¬ 
tained by the later philofophers, do not reach thofe more . 
rectufe, inteftine motions in the component particles of 
the fame bodies, on which depend the changes in the 
texture, colour, properties, &c, of bodies. So that 
our philofophy, if it weic only founded on the principle 
of gravitation, and even ca tried as far as this would lead 
us, would ftill be very deficient. 

But befides the common laws of fenfible maffes, the 
minute parts they are compofed of, are found fubjeft to 
fome others, which have but lately been noticed, and 
are even yet imperfedtiy known. Newton himfelf, to 
whole h^ppy penetration we owe the hint, limits him- 
felf with eftabliflung that there are fuch motions in the 
Z 2 minima 
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minima tutor*, and that they Sow from certain pavyUrt 
or forces, sot reducible to any of thofe in the, great, 
world. He Ihews that, by virtue of thefe powers, •< the 
.fmall particles aft on one another, even at a distance ; 
and that tAany of the phenomena of nature refult from 
it. , Senfible bodies, we have already obferved, aft on 
one another divers ways; and, as wethue perceive the 
tenor and courfe of -nature, it appears highly probable 
that there may be other powers of the Iikfc kind ; nature 
’ being very uniform and confident with hcrJelf. Thofe 
lull' mentioned, reach to fenfibje didances, and fo have 
been obferved by vulgar eyes; but there may be others 
which reach to fuch fmall didances as have hitherto eft 
caped obfervation j_ and it is probable eleftricity may 
reach to fuch didances, even without being excuril by 
friftiW’ . • -* . 

The great author juft mentioned proceeds to confirm 
the reality of thefe fufpicions from a great number of 
phenomena and experiments, which plainly argue fuch 
powers and aftions between the particles, for example 
offaltsand water, oil of vitriol ana. water, aquafortis and 
iron, fpirit of vitriol and faltpettfu He alfo diews, 
that thefe powers, ike, are unequally thong between 
different bodies; ftronger, for mdance, between the 
particles of fait of tartar and thofe of aquafortis than 
thofe of diver, between aquafortis and lapis calaminaris 
than iron, between iron than copper, and copper than 
diver or mercury. So fpirit of vitriol afts on water, 
but more on iron or copper, &c. And the other ex¬ 
periments are innumerable which countenance tbe exig¬ 
ence of fuch principle of attraftion in the particles of 
matter. 

Thefe aftions, by virtue of which the particles of the 
bodies above-mentioned tend towards each other, the 
author calls by a general indefinite name, attraftion ; a 
name equally applicable to all aftions by which bodies 
tend towards one another, whether by impulfe, or 
by any other more latent power and from hence 
he accounts for an infinity of phenomena, other*, 
wife inexplicable,' to which the principle of gravity is, 
inadequate., 

Thus, adds our author, "will nature be found very 
conformable to herfclf, and very fimple; performing 
all the great motions of the heavenly bodies by the at¬ 
traftion of gravity, ’ which' intercedes thofe bodies, 
and almoft all the nnall ones of their parts, by fome 
other attractive power difftlfcd through theiv particles. 
Without fuch principles, there never would-have been 
any motion in the world; and without the continu¬ 
ance of it, motion would foon peridi, there being 
•therwife a great decrcafe or diminution of it, which 
la only fuppued by thefe aftive .principles,” 

It need not be faid hew unjuft it is in the generality 
•f foreign philofopbers to declare againft a principle 
which Jurnithea to beautiful a view, for no other 
oeafon but becaufe they cannot conceive how one body 
fiould.aft on another at a diftance. It is indeed true, 
that philofophy allows of no aftion but what is by im- 
mediate contaft and wrfjpuifion; for how can abody 
exert anr active power where it does not ex id ? yet 
we fee-cnc&s, without perceiving any fuch impulfe; 
and wbm effeft sare obferved, there mud exift caufes 
whether we fee them or not. - Bnt we may contem¬ 
plate fitch effiefts, without entering into the confidcra- 


tiap of the caufe*, m indeed it feems the bufinefi of *, 
philefepber to do: for to exclude a number of pheno¬ 
mena which we do fee, would be to leave a great chafm 
in the bidory of nature; and to argue about aftions 
which we do not fee, would be to raife Caftles in tbe 
air. It follows therefore, that the phenomena of at¬ 
traftion are matter of phyfical confideration, and at 
fuch intitied to a fhare in the fyftem of phyfics; but 
that their caufes will only become fo when they be¬ 
come fenfible, .that is when they appear to be the 
effeft of fome other higher caufes; for a caufe is no 
otherwife feen than as itfelf is .an effeft, fo that the 
firft caufe mud needs be always tuvitibk: we arc there¬ 
fore • at liberty to fuppofc the caufes «of attractions 
what we plea fe, without any injury to the efftfts. 

- The illudnou8 author himfelf feems to be a little imJe- 
termiued as to the caufes; inclining fonietimes to 
attribute gravity to the aftion of an immaterial caufe 
(Optic*, pa. 343 Sec), and fometimes to that of a ma¬ 
terial one, lb. pa. 32$. 

In his philofophy, the refearch into caufes is the 
lad thing, and never comes under confideration till the 
laws and phenomena of the effeft be fettled; it being 
to thefe phenomena tiiat the caufe is to be accommo¬ 
dated. The caufe even of any. the groffed and molt 
fenfible aftion, is not adequately known. How im- 
ulfe or percufiion itfelf produces its effefts, that is 
ow motion is communicated from body to body, con¬ 
founds the deeped philofopbers ; yet is impulfe receiv¬ 
ed not only intu philofophy, but into mathematics i. 
and accordingly the laws and phenomena of its effects 
make the chief part of common mechanics. 

The other fpecies of attraftion,^therefore, in which, 
no impulfe is obfervable, when their phenomena are 
fuificienUy ascertained, have the fame title to be pro¬ 
moted from phyfical to mathematical confideration ; 
and this without any previous inquiry intu their caufes,, 
to which our conceptions may not be proportionate. 

Our great philosopher, then,, far from adulterating 
fcience with any thing foreign or metaphyiical. as ma¬ 
ny have reproached him with doing, has the glory of 
having thrown every tbiug of this kind out of his 
fyftem, and of having opened a new fource of fub- 
ltmer mechanics, which, duly cultivated, might be of 
far greater extent than all the meclianics yet known. 
Hence it is alone that we muft expect to learn the 
manner of the changes, produ&iont, generations, cor¬ 
ruptions, dec, of natural things; with all that fcenc 
of wonders opened to us by the operations of che- 
miftry. 

* Home of our own countrymen have profreuted the 
difeovery with laudable zeal. Dr, Kcil particularly has. 
endeavoured to deduce fome of: the laws of this new 
aftion, and applied them in refolving feveral of the 
more general phenomena of matter, as cohefion, flui¬ 
dity, elafticity, -foftnefs, fermentation, coagulation,, 
dec: and Dr. Freiud, Seconding his endeavours, has. 
made a farther application of the fame principles, 
at once to account for almoft all the phenomena that 
chemiftry prefents. So that fome philofqplu is are in¬ 
clined to tnink.th&t the new mechanics fhould feem al¬ 
ready raifed to a complete fcience, and that nothing 
now can occur but what we have an immediate folutioa. 
of, from the principle* of attractive forces. 
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Bat this feem* a tfttht too mc^itthn a principle 
fo fertile fltotdd bus* been further explained) its pom- 
cider lawe t limits, Ac, more mduftrioujJy detected 
end laid down, before we had proceeded to the appli¬ 
cation. Attraction la the graft ie fo complex a 
thing, that it may folve a tboufand different pheno¬ 
mena alike. Tf»e notion it but one degree more 
Ample and precife than adion itfclf; and, till ita 
properties ere more fully ascertained, it were better 
to apply it hft, and Study it more. It may be 
added, that fome of Newton’s followers have been 
charged V’ith falling into that error which he induf- 
triouily avoided, viz, of confidering attraction at a 
caufe or aCtive property in bodies, not merely as a 
phenomenon or eneCt. 

For the law#, properties. See, of the different forts 
of Attraction, fee their particular articles Cohesion, 
Gravity, Magnetism, &c. 

Attraction , Centre of, See Centre of AttraSion . 

Attsaction of Mountains, See Mountains. 

Attrition, the itt-iking or nibbing of bodies 
againit one another, fo as to throw off fome of their 
fuperficial particles: fuch as the grinding and polifh- 
ing of bodies. Or Amply the aCt of rubbing: as 
when amber and other electric bodies are rubbed, to 
make them attraCt, or emit their eleCtric force. 

Avant-Foss, ' or Ditch of the Counterfcarp, in 
Fortification, fg a wet ditch furrounding the counter- 
fenrp, on the outer fide, next to the country, at the 
foot of the glacis. It would not be proper to have 
fuch .a ditch If it could be laid dry, at it would then 
ferve as a lodgment for the enemy. 

Averroes, or Aben-Roes, a very fubtile Ara¬ 
bian pliilofophcr, who fiourifhed about the end of the 
nth century, when Che Moors had poffefiion of part 
of Spain. He was the fon of -the high prieft and 
chiet judge of Corduba or Cordova in Spain: but he 
was educated in the univerfity of Morocco, where he 
was ptofeffor, and when-he died in 1206, having there 
ftudied natural philofophy, medicine, mathematics, law, 
and divinity. After the death of his father, he enjoyed 
his polls in Spain, to which was afterward added that 
of judge of Morocco and Mauritania, where having 
fettled deputies, he returned to his duty in Spain. 
Notwithftanding he was very rich, and had a very 
great income, his liberality to men of letters in necef- 
fity, whether they were his friends or his enemies, 
kept him always in debt. He was afterwards (tripped 
of all his poftt, and thrown into prifon, for herefy, by 
the initiations of bad men, his enemies; but the op- 
prefiions of the judge who fucceeded him, caufcd him 
to be reftored to _ hi a former employments. 

He was exceflively fat, though he eat but once a 
day, and fpent molt part of the night in the ftudy of 
philofophy, when he wa9 fatigued, amufing himfelf 
with reading poetry or hiftory. He was never feen to 
play at any game, orto partake in any diverfion. He 
was extremely fond of Ariftotle’s works, and wrote 
commentaries upon them j whence he was tty led the Com¬ 
mentator, by way of eminence. He wrote many other 

S ifcces j among them a work on the Whole Art of Phy- 
ic; an Epitome of Ptolomy’s Almageft, which Vof- 
fius dates about the year 1149 j alfo a Trcatifc of 
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Aftrology, which was tnnflated iqto Hibrew by 'R.' 
Jacob Ben Samfon, and faid to be extant in the 
French king's library. He wrote alfo feveral poems,! 
and many amorous veefes, but thtfc laft he threw into 
the fire when he grew old. His other poems are loft, ■ 
except a fmall piece, in which he fays, “that when he 
was young, he a&ed againft his reslon; but that when 
he was in years, he followed its dictatesupon which 
he utters this with, “ Would to God I had been bora 
old, and that in my youth I had been in a ftate of 
perfection !” As to religion, his opinions were, that 
Chriftianity is abfurd; Judaiftn, the religion of chH.— 
dren; Mahometanifm, the religion of fwine. 

AVICENA, Avicenne, or Avxcenes, -has been; 
accounted the prince of Arabian philofopheri'ahd phy- 
Acians. He was bdrn at Aflena, near Bokhara,,in 978;. 
and died at Hamadan in 1036, being $8 years of age. 

The firit years of Avicena were employed on the 
ftudy of the Belles JLettres, -and the Koran, and at 10 
years of age he was perfeCt matter of the hidden fenfe* 
of that book. Then applying to the ftudy of logic, phi- 
lafophy and mathematics, he quickly made a rapid pro- 
grefs. After ftudying under a mailer the firft principles- 
of logic, and the Aril 5 or 6 propoAtions of Euclid's 
elements, he became difgufted witn the flow manqer of 
the fchools, applied himfelf alone, and foon accom- 
’plifhed all the reft by the help of the commentator* 
only-. 

Poffefled with an extreme avidity to be acquainted 
with ajl the Alienees, he ftudied medicine alfo. Per* 
fuaded that this art confifts as much in practice as m 
theory, he fought all opportunities of feeing the Ack j, 
and afterwards confefted that he bad learned more from 
fuch experience than from all the books he had read. 
Being now in his 16th year, and already celebrated fpr 
being the light of his age, he determined to refume his 
ftudies of philofophy, which medicine, See, had made him. 
for fbme time neglcCt: and he fp’ent a year and a half in 
this painful labour, without ever fleeping all this time a 
whole night together. At the age of » 1, he conceived 
the bold defign of incorporating, in one work, all the 
objects of human knowledge; and he carried it into 
execution in an Encyclopedia of zo volumes, to which> 
he gave the title of the Utility of Utilities. 

Many wondetful ftories are related of his (kilt in me¬ 
dicine, and the cures which he performed. Several 
princes had been taken daugeroufly ill, and Avicenes 
was the only one that could know their ailments, and 
cure them. His reputation inerenfed daily, and all the 
princes of the eaft defired to retain him in their families, 
and in fa£t he pafled through; feveral of them. But the 
irregularities of his conduCt fometimesloft him their fa¬ 
vour, and threw him into great diftrefles. His excefles- 
in pleafurcs, and his infirmities, made a poet fay, who 
wrote his epitaph, that the profound ftudy of philofophy 
had not taught him good morals, nor that of medicine 
the art of preferring his own health. 

After his death however, he enjoyed fo great a re¬ 
putation, that till the I 2th century he was preferred 
for the ftudy of philofophy and medicine to all his pre- 
deceflors. Even in Europe his works were the only 
writings in vogue in the fchools. They rtere very nu¬ 
merous, and various, the titles of which areju follow:. 
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j. Of. the Utility and Advantage of the Science*, in 
20 books.— 2. Of Innocence and Criminality, 2 books. 
—3. Of Health and Remedies, 18 books. —4. On the 
Means of preferring Health, 3 books.*--;. Canons of 
Phyiie, 14 books.—6. On Aftronomical Obfervationa, 
I book.—7. On Mathematical Sciences.—8. Of The¬ 
orems, or Mathematical and Theological Demon lira- 
lions, 1 book.—9. On the Arabic Language, and its 
Properties, to books.—to. On the Lalt Judgment.— 
1 r. On the Origin of the Soul, and the Relurredtion 
of Bodies.— 12. On the end we (hould propofe to our- 
idves in Harangues and Philofophical Argumentations. 

<—18. Dcmonfl,ration of. the Collateral Lines in the 
Sphere.—14. Abridgment of Euclid.—15. On Finity 
and Infinity.—16. On l’hyfics and Metaphyfics.— 
17. On Animals and Vegetables, Ac.—18. Encyclo¬ 
pedic, 20 volumes. 

AUGUST, the 8th month of the year, containing 
31 days. In the antient Roman calendar this was called 
Jexli'is, as being the 6th month frqm March, with which 
their year began; but changed to its prefent name by 
the emperor Augullua, calling it after his own name on 
account of his having obtained many victories and ho¬ 
nours in that month. 

AVOIRDUPOIS Weight, a weight ufed-in En- 
gland for weighing all the larger and coarfer forts of 
oods j as groceries, checfe, butter, flelb, wool, fait, 
ops, &c, and all metals except gold and filver. Avoir¬ 
dupois.weight is thus divided, viz- 

16 dr. or drams make 1 ounce, marked ox, 

16 oz. - - - - 1 pound, • - lb, ‘ 

112 lb. - - - - t hundred weight, civt. 

20 cwt, - x ton - - ton, 

The Avoirdupois ounce is lets than the Troy ounce, 
in the proportion of 700 to 768, but the Avoirdupois 
pound greater than the Troy pound in the proportion 
©f 700 to 576; 

for tlb Avoird. is = 7000 grains Troy, 
but lib Troy is = 5760 grains Troy, 
alfo t oz Avoird. is as 437* grains Troy, 
and 1 oz Troy is = 480 grains Troy. 

AURIGA, the Waggoner, a conilellation in the 
northern hemifphere, confining of 14 ftars in Ptolemy's 
catalogue ; but in Tycho’s, 27 ; in Hcvelius’s, 40; and 
in the Britannic catalogue, 66. 

This is one of the 48 old afterifms, mentioned by all 
the moil ancient ailronomers. It is reprefented by the 
figure of an old man, in a poilure fomewhat like fitting. 
With a goat and her kids in his left hand, and a bridle 
in his right. 

The Greeks probably received this and all their other 
conilellations from the Egyptians; but, wanting to 
appear the inventors of them themfelves, and not under, 
{landing the meaning of the figures, they have cloathed 
them with fome of their own fabulous dreifes, to favour 
the deceit. They accordingly tell us that this figure of 
a waggoner was an honourable charafter, and Erich- 
thoxmu, the inventor of coaches. Vulcan, fay they, 
©nee fed in love with Minerva, and when he could not 
©revail with her to marry him, he would have obtained 
Iter upon lefg honourable terms. There waa a ftjugglc 


between them, and iome way or othif Eriehthonim was 
begotten, though it does not feem that Minerva had 
much (hare in it 1 fl»e took care of the offspring how- 
ever. Some have fuppofed it was only a ferpent; but 
the graver author# lay, • Erichtlionius was a man with 
legs only like the body of a ferpent, and that to hide 
this tnonftrous part of his figure he invented coaches to 
carry him about. They add, that Jupiter, doing him 
honour for an invention that was, in fome degree, imi¬ 
tating the fun’s carriage on the earth, railed him up 
among the fini s. 

But others, ill fatisfied with a ftory which fo badly 
agreed with the figure, have faid that it belonged to 
Myrtillus, a fon of Mercury and Clytic, and charioteer 
to Aenomanus; they fay, that at his death, his father 
Mercury, by permiffion of his fuperiors, rstifed him up 
into the ikies. All this however does not at all accoun t 
for the goat and her two kids in the hands of Auri¬ 
ga. To ftt this right, they afterward made Auriga to 
be Olenus, a fon of Vulcan, and the father of Aegn and 
Helice, two of the Cretan nymphs that mtrfed the infant 
Jupiter. They talk of a goat that was ufed for giving 
milk to the young deity, and they fuppofe that tins 
creature, and its two young ones, were placed in the 
hands of the father of the virgins, to commemorate the 
creature they took into their fcrvice on that occafion. 

Befides the Hccdi, this conilellation contains alfo 
another of thofe ftars which the ancicntsTionoured with 
peculiar names, the goat Capra, and Amahha-a Capra: 
this is the bright one near the ihouldcr, and fuppofed 
to be the mother of the .Hoedi, and the uuife of 
Jupiter, 

Although the whole conftellation of Auriga is not 
mentioned among thofe from which the ancients formed 
prefages of the fucceeding weather, the two liars in hi., 
arm were of.the foremoll in that rank. It isthefc they 
called by the name Hccdi, and dreaded fo extremely on 
account of the ftorms and tempefts that fucceeded their 
rifing, that it is faid -they fluit up the navigation of the 
fca for their feafon. And the day of their influence be¬ 
ing over, we find, was celebrated as a feftival with fports 
and games, under the name of Natalis Navigationis. 
Germanicus calls them unfriendly liars to mariners; and 
Virgil couples them with Ar&urus, mentioning their 
fetting ana its rifing as things of the moll important 
prefage. Horace alfo puts them together as the moil 
formidable of all the flars to thofe who follow the traffic 
of the fea. And to the fame purpofe fpeak all the an¬ 
cient writers, thus making a part of the conftellation 
Auriga, if not the whole conftellation, a thing to be 
obferved with the utmoft attention, and to be feared as 
much as the blazing Ar&urus. 

AURORA, the morning twilight; or that faint 
light which appears in the morning when the fun is 
within i8 degrees of the horizon. 

AURORA BOREALIS, Northbrn Licht, or 
Streamerst a kind of meteor appearing in the northern 
part of the heavens, moftly in the winter feafon, and in 
trolly weather. It is ufually of a reddilh colour, incli¬ 
ning to yellow, and fends out frequent corufcations of 
pale light, which feem to rife from the horizon in a py¬ 
ramidal undulating form, and ihooting with great veloci¬ 
ty up to the zenith. It appears often in form of an arch, 

which 
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which, is partly bright, and partly dark, but generally 
tranfparent. And the matter of it is not found to have 
any effeft on the raya of light, which pafs freely through 
it. Dr. Hamilton obferves, that lie could plainly difcern 
the fmalleit fpeck in the Pleiades through the denfity of 
thofe clouds which formed part of the Aurora borealis in 
1763, without the lead diminution of its fplendour, or 
increafe of twinkling. Philof. Effays, pa. 106. 

Sometimes it produces an Iris. Hence M. Godin 
judges, that mod of the extraordinary meteors and phe¬ 
nomena in the ikies, related as prodigies by hidonans, 
as battles, and the like, may probably enough be re¬ 
duced to the clafs of Aurora: boreales. Hid. Acad. 
R. Scienc. for 1762, pa. 405. 

This kind of meteor never appears near the equator; 
but, it leans, is frequent enough towards the fouth 
pole, like as towards the north, having been obferved 
there by voyagers. See Philof. TranfV N° 46 *> an d 
vol. 54 ; alio Forilet’s account of his voyage round the 
world with Captain Cook, where he defcribes their ap¬ 
pearance as obferved for feveral nights together, in iharp 
frolly weather, which was much the fame as thofe ob¬ 
ferved in the north, excepting that they were of a lighter 
colour. 

It Teems that meteors of this kind have appeared 
fometimes more frequently than others. They were fo 
rare in England, or elfe fo little regarded, that none 
are recorded in our annals fince that remarkable one of 
Nov. 14, 1574* till the furpriling Aurora borealis of 
March 6, 1716, which appeared for three nights fuc- 
ceffively, but by far more llrongly on the fird: except 
that five fmall ones were obferved in the year 1707 and 
1708. Hence it would feem, that the air, or earth, 
or both, are not at all times difpofed to produce this 
phenomenon. 

The extent of thefe appearances is alfo amazingly 
great. That in March 1716 was vifiblc from the wed 
of Ireland, to the Confines of Rufliu and the call of Po¬ 
land ; extending at lead near 30 degrees of longitude, 
and from about the 50th degree in latitude, overalmod 
all the north of Europe ; and in all places, at the fame 
time, it exhibited the like wondrous appearances. Fa¬ 
ther Bofcovich has determined the height of an aurora 
borealis, which was obferved by the Marquis of Polini 
the 16th of December, 1737, and found it was 825 
miles high; and Mi. Bergman, from a mean of 30 com¬ 
putations, makes the avenge height of the aurora 
boiealis amount to 70 iSuedifh, or 4^9 English miles. 
But Euler fuppofes the height to be feveral thoufands 
of miles; and Mairan alfo afiigna to them a very ele¬ 
vated region. 

Many attempts have been made to determine the 
caufe of this phenomenon. Dr. Halley imagines that the 
watery vapours, or effluvia, exceedingly rarefied by fub- 
tcrrancous fire, and tinged with fulphureous dreams, 
which many natural ids have fuppofed to be the caufe of 
earthquakes, may alfo be the caufe of this appeal ance : 
or that it is produced by a kind of fubtile matter, freely 
pervading the pores of the earth, and which, entering into 
it nearer the foutlicrn pole, pafles out again with fome 
force into the tether, at the fame diftance from the 
northern. This fubtile matter; by becoming more 
denfe, or having its velocity iucieafed, may perhaps be 


capable of producing * fmall degree of light, after 
the manner of effluvia from eleftric bodies, which, by 
a drong and quick friftion, emit light in the dark; to 
which fort of light this feems to have a great affinity. 
Philof. TranC N° 347. See alfo Mr, Cotes'* deferip- 
tion of this phenomenon, and his method of explaining 
it, by dreams emitted ftom the heterogeneous and fer¬ 
menting vapours of the atmofphere, in Smiths Optic*,, 
pa. 69; or Philof. Tranf. abr. vol. 6, part 2. 

The celebrated M. dc Mairan, in an exprefs treatife 
on the Aurora Borealis, publiftied in 1731, fuppofes its 
caufe to be the zodiacal light, which, according to him, 
is no other than the fun’s atmofphere: this light hap¬ 
pening, on fome occafions, to meet the upper parts 01 
our atmofphere about the limits where univerfal gravity 
begins to aft more forcibly towards the earth than, 
towards the fun, falls into our air to a greater or lefs- 
depth, as its fpecific gravity is greater or fcfs, compared 
with the air through which it pafles. * See Traft. 
Phyf. et Hid. de 1 ’Aurore Boreale. Suite des Mcmoirea 
de 1 ’Acad. R. des Scien. 1731. Alfo Philof. Tranf- 
N* 4 J 3 * or Abridg. vol. 8, pa. 540. 

However M. Euler thinks the caufe of the aurora, 
borealis not owing to the zodiacal light, as M. de Mairan. 
fuppofes; but to particles of our atmofphere, driven 
beyond its limits by the impulfc of the folar light. Add 
on this fuppofition he endeavours to account forlhe 
phenomena obferved concerning this light. He fup¬ 
pofes the zodiacal light, and the tail* of comets, to be 
owing to a fimilar caufe. 

But ever fince the identity of lightning and the elec¬ 
tric matter has been determined, philofopTiers have been- 
naturally led to feek for the explication of aerial meteors 
in the principles of eleftricity ; and there is bow no¬ 
doubt but molt of them, and efpecially the aurora bo¬ 
realis, are clcftrical phenomena. Befides the more ob¬ 
vious and known appearances which conftitute* refem- 
blance between this meteor and the eleftric matter by 
which lightning is produced, it has been obferved that 
the aurora occafions a very fenfible fluftuation in the 
magnetic needle ; and that when it has extended lower’ 
than ufual in the atmofphere, the flafhes have been at¬ 
tended with various founds of rumbling and hifiing, 
efpecially in Rufliu and the other more northern parts, 
of Europe ; as noticed by Sig. Beccaria and M-. 
Mefiier. Mr. Canton, foon after he had obtained elec¬ 
tricity from the clouds, offered a conjefture, that the 
aurora is occafioned by the dafhing of eleftric fire pofi- 
tive towards negative clouds at a great diftance, through 
the upper part of the atmofphere, where the refiftance 
is lcaft: and he fuppofes that the aurora which happens 
at the time when the magnetic needle is diiturbed by 
the heat of the earth, is the eleftricity of the heated 
air above it: and this appears chiefly in the northern 
regions, as the alteration in the heat of the air in thofe 
parts is the greateft. Nor ib this hypothefis improbable, 
wkcn.it is confidered, that eleftricity is the caufe of 
thunder and lightning.; that it has been extrafted from 
the air at the time of the aurora borealis; that the in¬ 
habitants of the northern countries obferve it remarkably 
ftrong when afudden thaw fucceeds very cold fevere wea¬ 
ther; and that the tourmalin is known to emit andabforb- 
the.eleftric fluid only by the increafe.or diminution of it* 
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theat. Pofitive and negative ele£lrlcity In the air* with 
a piop'.*r quantity of moidure to ferve as a conductor, 
will account for this and other meteors, fometimes feen 
an a ferene iky. Mr. Canton has iince contrived to ex* 
hibit this metcov by means of the Torricellian vacuum, 
in a glafs tube about 3 feet long, and fenled hermetically. 
'When one end of the tube is held in the hand, and the 
other applied to the conductor, the whole tube will be 
illuminated from end to end, and will continue luminous 
without interruption for a confiderablc time after it has 
been removed from the condu&or.. If, after this, it 
be drawn through the hand either way, the light will 
be remarkably intenfe through the whole length of the 
tube. And though a great part of the elc&ricity be 
difeharged by this operation, it will Hill flafh at inter* 
vals, when held only at one extremity, and kept quite 
ftill; but if, at the fame time, it be gntfpcd by the 
other hand in a different place, ftrong flaflies of light 
will dart from one end to the other ; and thefe will oon* 

. tinue 24 hours or 1 more, without a frefh excitation. 
Sig. Beccaria conjectures that there is a conftant and 
regular circulation of the eledtric fluid from north to 
fouth; and he thinks that the aurora borealis may be 
this eleCtiic matter performing its circulation in fuch a 
date of the atmofpnere as renders it viflble, or ap- 
yagmehing nearer than ufual to the earth. Though 
fjoksfafy this is not the mode of its operation, as the 
meteor is obferved in the fouthern liemifphcre, with 
the fame appearances as in the northern. Dr. Frank* 
tin fuppofes, that the ele&ric fire difeharged into the 
pokr regions, from many leagues of vaporifed air raid¬ 
ed from the ocean between tne tropics, accounts for 
the aurora borealis; and that it appears full, where it 
is firil in motion, namely in the moil northern part t 
and the appearance proceeds fouth ward, though the fire 
really moves northward. Franklin’s Exper. and Obf. 
1769,4^1.49. Philof. Tranf. yol. 48, pa. 358, 784; lb. 

. vol. 51, pa. 403; Lettere dell’ Eilcttricifmo, pa. 269; 
or Prieftley’s Hid. of Electricity. See alfo an inge¬ 
nious foiution of this phenomenon, on the fame prin¬ 
ciples, by Dr. Hamilton, in his Philof. Effays. Mr. 
Kirwan (in the Traniaftiona of the Royal Jrifli Aca¬ 
demy, ann. 1788) hasfome ingenious remarks on the 
aurora borealis 13 auflrelis. He gives his rcafons for 4 
fuppofing the rarefaction of the atmofphere in the po¬ 
lar regions to proceed from tltem, and thefe from a 
combuftion or inflammable air caufed by electricity. 
He obferves, that after an aurora borealis the barome¬ 
ter commonly falls, and high winds from the fouth 
generally follow. > 

AURUM Fvlminans, a preparation from gold, 
which being thrown into the fire, it explodes with a 
violent noife, like thunder. The matter is produced 
by diffolving gold in aqua regia, and precipitating the 
foiution by oil of tartar per Jeliquium, Or volatile fpirit 
of fal,ammoniac. The powder being walhed in warm 
water, and dried to the confidence of a pafle, is 
afterwards formed into fmall grains of the fizc of 
hcmpfccd. 

It it inflammable, not only by fire, but alfo by a 
gentle warmth ; and gives a report much louder than 
Mat of gunpowder. A finglc grain laid on the point 


of a knife, and lighted at a candle, explodes with a 
greater report than a mufquet s and a icruple of this 
powder, it irfaid, afts more loudly than half a pound 
of gunpowder; and y*t it is faid that, by mixture, it 
does not increafe the eladic force of fired gunpowder. 
Dr. Black attributes the increafe of weight, and alfo 
the explofive property of this powder, to adhering 
fixable air.—-Tills is a very dangerous preparation, and 
ihould be ufed with great caution. 

AUSTRAL, the fame with fouthern. Thus, Auf- 
tral figns, are the lad 6 figns of the zodiac; and aie 
fo called becaufe they aie on the fouth fide of the 
cquino&ial. 

AUSTRALIS Corona; fee Corona AuJlraUs. 

Australis Piscis, the Southern Fijh, is a con- 
dcllation of the fouthern hemifphere. Sec Piscis 
Aufiralis . 

AUTOMATON, a feemingly felf-moving ma¬ 
chine ; or one fo conftrudtcd, by means of weights, 
levers, pullics, fprings, &c, as to move for a confirlcr- 
able time, as if it were endued with animal life. 
And according to this defeription, clocks, watches, 
and all machines of that kind, are automata. 

It is faid, that Archytas of Tarentum, 400 years 
before Chrid, made a wooden pigeon that could fly ; 
that Archimedes alfo made fuch-like automatons; 
that Regiomontanus made a wooden eagle that flew 
forth from the city, met the emperor, falutcd him, 
and returned; alfo that he made an iron fly, which 
flew out of his hand at a feall, and returned again af¬ 
ter flying about the room ; that Dr. Hook made the 
model of a flying chariot, capable of fupporting it- 
felf in the air. Many other furprizing automatons we 
have been cye-witnefles of, in the prefent age: thus, 
we have fecn figures that could write, and perform 
many other adlions in imitation of animals: M. Vau- 
canton made a figure that played on the flute; the 
fame gentleman alfo made a duck,- which was capable 
of eating, drinking, and imitating exactly the voice 
of a natural one; and, what is dill more furprizing, 
the food it fwallowcd was evacuated in a digeded llatc, 
or confiderably altered on the principles of foiution ; 
alfo the wings, vifccra, and bones were formed fo as 
drongly to referable thofe of a living duck ; and the 
a&ions of eating and drinking (hewed the ftronged te- 
femblancc, even to the muddling the water with its 
bill. M. Lc Droz of la Cliaux dc Fonds, in the pro¬ 
vince of Ncufchatel, has alfo executed tome very cu¬ 
rious pieces of mechanifm: oae was a clock, present¬ 
ed to the king of Spain; which had, among other 
curiofities, a meep that imitated the bleating of a na- 
- tural one, and a dog watching a balkct of fruit, that 
barked and fnarled when any one offered to take it 
away; befides a variety of human figures, exhibiting 
motions truly furprifing. But all thele feem to be in¬ 
ferior to M. Kempcll’s chefs-player, which may truly 
be cenfidered as the greated madcr-piece in mechanic* 
that ever appeared in the world. See alfo Baptida 
Porta’s Magia Nat. c. to, and Scaliger’s Subtil. 326. 

AUTUMN, the third feafon, when the ltarved 
and fruits are gathered in. This begins at the de¬ 
luding equinox, which, iu the northern hemifphere, 

' is 



A XI [ 177 1 A ir 


is when the fun enter* the ftgn Libra, or about the 
2 2d day of Auguft ; and it ends, when winter com* 
mences, about the fapie day m December. 

, Autumnal, fomething belonging to autumn. Thus, 

Autumnal Equinox , the time when the fun enters 
the defccnding point of the ecliptic, where it Croffes 
the equinoctial; and is fo called, becaufe the nights 
and days are then equal. 

Autumnal Point, the point of the ecliptic an- 
fwering to the autumnal equinox. 

Autumnal Signs, are the figns Libra, Scorpio, 
Sagittary, through which the fun prtffcs during the 
autumn. 

AXIOM, a felt-evident truth, or a proportion affent- 
ad to by every pcrfoii at fil'd fight. Such as, that the 
whole is greater than its part; that a thing cannot 
both be and not be at the fame time ; and that from 
nothing, nothing can aril'e. 

Some Axioms arc in effect, finely fpeaking, no 
other than identical promotions. Thus, to fay that 
all right angles are equal to each other, is as much as 
to fay, all right angles are right angles ; fuch equality 
being implied in the wry definition, or the very name 
or term itfclf. 

Axiom is alfo an ertablidied principle in fome art or 
fcicnce. Thus, it is an axiom in phyfics, that nature 
docs nothing in vain ; that effects are proportional to 
their catties; &C. It is an axiom in geometry, that 
two things equal to the fame third thing, are alfo 
equal to each other; that if to equal things equals 
be added, the fums will be equal. And it is an 
axiom in optics, that the angle of incidence is equal 
to the angle of reflexion. In this fenfe alfo the 
general laws of motion arc called axioms; as, that 
all motion is rectilinear, that action and reaction are 
equal, &c. 

AXE or AXIS, in Geometry, the flraight line in a 
plane figure, about which it revolves, to produce or 
generate a folid. Thus, if a femicircle be moved 
round its diameter at reft, it will generate a fphere, 
whofe axis is that diameter. And if a right-angled 
triangle be turned about its perpendicular at refl, it 
will deferibe a cone, whofe axis is that perpendicular. 

Axis is yet more generally ufed for a right line con¬ 
ceived to be drawn from the vertex of a figure to the 
middle of the bafe. So the 

Axis of a circ/e or fphere, is any line drawn through 
the centre, and terminated at the circumference, on 
both fide*. 

Axis of a rone, is the line from the vertex to the 
centre of the bafe. 

Axis of it cylinder, is the line from the centre of 
the one end to that of the other. 

Axis of a conicJeltion, is the line from the prin¬ 
cipal vertex, or vertices, perpendicular to the tan¬ 
gent at that point. The ellipfe and h) perbola have 
each two axes, which are finite and perpendicular to 
each other; but the parabola has only one, and that 
infinite in length. m 

Tranfotrfe Axis, in the Ellipfe and Hyperbola, is 
the diameter palling through the two foci, and the 
two principal vertices of the figure. In the hypctbola 
it is the fliortcll diameter, but in the ellipfe it is the 
longeft. 
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Conjugate Axis, or Second Amis, in die Ellipfe add 
Hyperbola, is the diameter paffing through trie cen¬ 
tre, and perpendicular to the tranfverfe axis; and is 
the Ihbrteft of all the conjugate diameters. 

Axis, of a curve line, is ftill more generally ufed 
for that diameter which has its ordinates at right an¬ 
gles to it, when that is pofiiblc. For, like as in the 
eonic fe&ions, any diameter bifc&s all its parallel or¬ 
dinates, making the two parts, of them on both fides 
of it equal; and that diameter which has fuch ordi¬ 
nates perpendicular to it, is an Axis; So, in curves of 
the fecond order, if any two parallel lines each meet¬ 
ing the curve in three points; the right line which 
cuts tliefe two parallels fo, that the fum of the two 
parts on one fide of the cutting line, between it and 
the curve,, is equal to the third part terminated by the 
curve on the other fide, then the faid line will in like 
manner cut all other parallels to the former two lines, 
viz, fo that, of every one of them, the fum of the 
two parts, or ordinates, on one fide, will be equal to 
the third part or ordinate on the other fide. Such 
cutting line then is a diameter; Kid that diameter 
whofe parallel ordinates are at right angles to it, when 
poffible, is an Axis. And the fame for other curves 
of dill higher ordei-s. Newton, Enumerate Linca- 
rum Tertii Ordinis, fe&. 2, art. 1. 

Axis, in S.fflronotny . As, the Axis of the world, 
is an imaginary right line conceived to pafs through 
the centre of the earth, and terminating at each end 
in the fnrfnce of the mundane fphere. About -this 
line, as an axis, the fphere, in the Ptolomaic fyllers, 
is ftippofed daily to revolve. 

Axis of the Earth, is the line conne&ing its two 
poles, and about which the earth performs its di¬ 
urnal rotation, from weft to eaft. This is a part 
of the axis of the world, and always remains pa¬ 
rallel to itfclf during the motion of the earth in it* 
orbit about the fun; and perpendicular to the plane of 
the cquatort 

Axis of a Planet, is the line palling through its 
centre, and about which the planet revolves.—The 
Sun, Earth, Moon, Jupiter, Mars, and Venus, it is 
known from obfervation, move about their feverai 
axes; and the like motion is cafily inferred of the 
other three. Mercury, Saturn, and Georgian planet. 

Axis of the If orison, Equator, Ecliptic, Zodiac, 
Ac, are right lines paffing through the centres of 
thofe circles, perpendicular to their planes. 

Axis of a Magnet, or tical Axis, is a line paff¬ 
ing through tile middle of a magnet, lengthwife; in 
fuch manner, that however the magnet be divided, 
provided the divifion be made according to a plane 
paffing through that line, the magnet will thm be 
cut into two loadiloncs. And the extremities of fuel* 
lines are called the poles of the ftone. 

A j is in Mechanics''— The axis of a balance, is the 
line upon which it moves or turns. 

Axis of Ofallation, is a line parallel to the hori¬ 
zon, palling through the centre about which a pendu¬ 
lum vibrates, and perpendicular to the plane in which 
it ofcillatcs. 

Axis in Peritroehie, or wheel and axle, is one of 
the five mechanical powers, or Ample machines; con¬ 
trived chiefly for the railing of weights to a coufider- 
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iblc height, u water from a well, kc. This machine 



confifls of a circle AB, concentric with the hafe of 
a cylinder, and moveable together with it about its 
axis CD. This cylinder is called the axis ; and the 
circle, the peritrochium / and the radii, or fpok.es, 
which are fometimes fitted immediately into the cy¬ 
linder, without any circle, the fcytala. About the 
axis winds a rope, or chaig, by means of which great 
weights are raifed by turning the wheel.—-The axis 
in peril rochio takes place in the motion of every ma¬ 
chine, in which a circle may be conceived as deferibed 
about a fixed axis, concentric with the plane of a cy¬ 
linder about which it is placed ; as in Crane wheels, 
Mill wheels, Capftatu, &c. 

The chief properties of the Axe-in-pcritrochio, are 
as follow: 

1. If the power F applied in the dire&ion AF a 
tangent to the circumference, or perpendicular to the 
!|»ke, be to a weight E, as the radius of the axis 
C e is to the radius of the wheel AD, or the length 
of thefpoke; the power will juft fufiain the weight; 
that is, the power and the weight will be in equilibrio, 
when they are in the reciprocal proportion of their 
diftances from the centre. 

2. When the wheel moves, with the power and 
weight; the velocities of their motion, and the lpaces 
pafied over by them, will be both in the fame propor¬ 
tion as above, namely, dire&ly proportional to their 
diilanccs from the centre, and reciprocally proportion¬ 
al to their own weights when they are in equilibrio. 

3. A power, and a weight, being given to conftruft 
an axis-m-peritrochio, by which it mall be fuftained 
and raifed. Let the axis be taken large enough to 
fupport the weight and power without breaking: 
then, as the weight is to the power, fo make the ra¬ 
dius of the wheel to the radius of the axis. Hence, 
if the power be very {mall in refpe# of the weight, 
the radius of the wheel will be vafily great. For ex¬ 
ample, inppofe the weight 4050, and the power only 
50; then the radius of the wheel will be 81 times 
that of the axis; which would be a very inconvenient 
£ze. But this inconvenience is provided againft by 
incrcafing the number of the wheels and axes; mak¬ 
ing one to turn another, by means of teeth or pinions. 
And to find the effc& of a number of wheels and 
axes, thus turning one another, multiply together, 
all thd radii of the axes, and all the radii of the 
wheels, and then it will be, as the produft of 
the former is to the produft of the latter, fo is the 
power to the weight. So, if there be 4 wheels and 
axes, the radius of each axis being 1 foot, and the 


radius of each wheel 3 feet} then the continual pro- 
da# of all the wheels U3X3X3X3 or 81 feet, and 
that of the axis only X; therefore, the effe# is as 81 
to 1, or the weight is 81 times the power. And, on 
thf contrary, if it be required to find the diameter of 
each of four equal wheels, by which a weight of 
40501b (hall be balanced by a power of 501b, the dia¬ 
meter of each axis being 1 foot: dividing 4050 by 50, 
the quotient is 81 ; extra# the 4th root of 81, or 
twice the fquare root, and it will give 3, for the dia¬ 
meter of the four wheels fought. 

Axis of a vejfel , is that quiefeent right line palling 
through the middle of it, perpendicular to its bale, 
and equally diftant from its iides. 

Axis in Optics.—Optic Axis, or vifual axis, is a ray 
palling through the centre of the eye, or falling per¬ 
pendicularly on the eye. 

Axis of a lens, or glafs, is the axis of the folid of 
which the lens is a fegmeut. Or the axis of a 
glafs, is the line joining the two vertices or middle 
points of the two oppofite furfaces of the glafs. 

Axis of Incidence , in Dioptrics, is the line palling 
through the point of incidence, perpendicularly to the 
refracting furface. 

Axis of RtfraQion, is the line continued from the 
point of incidence or refra#ion, perpendicularly to 
the refrafting furface, along the further medium. 

AZIMUTH, of the fun, or liar, &c, is an arch of 
the horizon, intercepted between the meridian of the 
place, and the azimuth or vertical circle palling through 
the fun or liar; and is equal to the angle at the ze¬ 
nith formed by the faid meridian and vertical circle. 
Or it is the complement to the eaftern or weftern 
amplitude.—The azimuth is thus found by trigo¬ 
nometry ; 

As radius is to the tangent of the latitude, 

So is the tangent of the altitude of the fun or liar. 

To the cofine of the azimuth from the fouth, at 
the time of the equinox. 

Azimuth, magnetical, an arch of the horizon con¬ 
tained between the magnctical meridian, and the 
azimuth or vertical circle of the objeft; or its appa¬ 
rent diltance from the notth or fouth point of the 
compals. This is found by obferving the fun, or liar, 
&c, with an azimuth compafs, when it is 10 or 15 de¬ 
grees high, either before or after noon. 

Azimuth Compass, an inllrument for finding ei¬ 
ther the magnctical azimuth or amplitude of a ccleitial 
objeCl. The defeription and ufe of this inllrument, 
fee under the article Compass. 

Azimuth Dial, a dial whofe ftile or gnomon is 
perpendicular to the plane of the horizon. 

Azimuths, or Vertical Circles, are great circles of 
the fphere interfering each other in the zenith and 
nadir, and cutting the horizon at right angles.—'Thefe 
azimuths are reprefented by the rhumbs on common 
fca charts; and on the globe by the quadrant of alti¬ 
tude, when ferewed in the zenith. On thefe azimuths 
is counted the height Of the fun or liars, &c, when out 
of the meridian. 
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B ACK-STAFF, an iuftrumeut formerly ufed for 
taking the fun’s altitude at fea; being fo called 
becaufe the back of the obferver is turned towards the 
fun when he makes the obfervation. It was fometimes 
called Davis’s quadrant, from its inventor captain John 
Davis, a Welchman, and a celebrated navigator, who 
produced it about the year lego. 

This instrument confifts of two concentric arches of 
box-wood, and three vanes: the arch of the longer 
radius is of 30 degrees, and the other 60 degrees, 
making between them 90 degrees, or a quadrant: alfo 
the vane A at the centre is called the borixon-vane, 
that on the arch of 6o° at B the Jiade-vane, and that 
on the other arch at C th tfgbt-vanc. 



To vfe the Back-Staff. The (hade-vane is to be fet 
upon the 60 arch, at an even degree of fome latitude, 
lefsby 10 or 15 degrees than you judge the complement 
of the fun’s altitude will be ; alfo the horizon-vane 
being put on at A, and the fight-vane on the 30 arch 
FG, the obferver turns his back to the fun, lifts up 
the inftrument, and looks through the fight-vane, 
railing or falling the quadrant, till the (hadow of the 
upper edge of the (hade-vane fall on the upper edge of 
the (lit iu the horizon-vane; and then if he can fee the 
horizon though the faid flit, the obfervation is exa&, 
and the vanes are right fet: But if the fea appear in- 
ftead of the horizon, the fight-vane muft be moved 
downward towards F; or if the (ky appear, it mud be 
moved upward towards G; thus trying till it comes 
right: the obferver then examines now many degrees 
and minutes are cut by that edge of the fight-vane 
that anfwers to the fight hole, ana to them he adds the 
degrees cut by the upper edge of the (hade-vane $ then 
the fum is the fun’s diftance from the zenith, or the 


complement of the altitude; that is, of his’upper 
limb when the upper end of the (hade-vane is ofea ia 
the obfervUbn, or of his lower limb when the lower 
part of that vane is ufed; therefore in the former cafo 
add 16 minutes, the fun’s femidiameter, and fubtraft 
16 minutes in the latter cafe, to give die zenith dif¬ 
tance or co-altitude of the fun’s centre. 

Mr. Flamfleed contrived a glafs lens, or double 
convex, to be placed in the middle of the (hade-vane^ 
which throws a fmall bright (pot on the flit of the 
horizon-vane, inftead of the made ; which is a great 
improvement, if the glafs be truly made} for by this 
means, the inftrament may he ufed in hazy weather, 
and a much more accurate obfervation made at all 
times. 

BACON (Roger), an Englifh monk of the Francif- 
can order, an amazing inftance of genius and learning, 
was born near Ilchefter in Somerfetlhire, in the year 
1214. He commenced his ftudies at Oxford; from 
whence he removed to the univerfity of Paris, which 
at that time was efteemed the centre of literature; and 
where it icems he made fuch progrefa in the fciences, 
that he was efteemed the glory of that univerfity, and 
was there greatly careficd by feveral of his countrymen, 
particularly by Robert Groothead or Grouthead, af¬ 
terwards bid) op of Lincoln, his great friend and pa¬ 
tron. Having taken the degree os doftor, he returned 
to England in 1240, and took the habit of theTnuicif- 
can order, being but about 26 yean of age ; but ac¬ 
cording to fome he became a monk before he left 
France. He now purfued his favourite ftudy of experi¬ 
mental philofophy with unremitting ardour and affiduity. 
In this purfuit, in experiments, inftruments, and m 
fcarce books, he informs us he fpent, in the courfe of 
20 years, no lefsthan 2000/, an smazing fum uithofe 
days, and which fum it feemfs was gcaaoufly fumilhed 
to him by fome of the heads of the univerfity, to en¬ 
able him the better to purfue his noble refcarches. By 
fuch extraordinary talents, and amazing progrefs in the 
fciences, whicli in that ignorant age were fo little known 
to the reft of mankind, while they raifed the admira¬ 
tion of the more intelligent few, could not fail to ex¬ 
cite the envy of his illiterate fraternity, whofe malice 
he farther drew upon him by the freedom with which 
he treated the clergy in his writings, in which he 
fpared neither their ignorance nor their want of morals: 
tnefe therefore found no difficulty in pod'efling the vul¬ 
gar with the notion of Bacon’s dealing with the devil. 
Under this pretence he was reftrained from reading lec¬ 
tures ; his writings were confined to his convent; and 
at length, in 1278, hehimfelf was imprifoned in his 
cell, at 64 years of age. However, being allowed 
the ufe of his books, he ftill proceeded in the rational 
purfuit of knowledge, correcting his former labours, 
and writing feveral curious pieces. 
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When Bacon had been 10 year* in confinement, given in word*. He alfo mentions a fort of unextm- 
Jcrom de A fcoli, general of his order, who had con- guifhable fire prepared by art: which (hews he was not 
demned his do&rine, was chofcn pope by the-name of unacquainted with phofphoru*: and that he had a no- 
Ntcholas IV; and being reputed a perfon of great tion of the rarefaction of the air, and theftrudlure of an 
abilities, and one who had turned his thoughts to phi- air-pump, is pn!t contradiction. He was the miracle, 
lofophical. ft tidies, Bacon rei'olved to apply to him for fays Dr. Frcind, of the age lie lived in, and the 
his difeharge ; and to Ihew both the innocence and the grtatell genius, perhaps, for mechanical knowledge, 
ufefulnefs of his Rudies, addreffed to him a treat ife On that ever appeared in the world Rncc Aichimeder,. He 
the means of avoiding the infirmities of old age. What appears likewife to have been matter of the whole 

cffcCt this had on the pope does not appear j it did not fcicnce of optics: he has accurately deferihed the ufesof 

at Icaft produce an immediate difeharge: however, to- reading-glaffes, and (hewn the way of making them, 
wards the latter end of his reign, by the TBterpofition l)r. Frcind adds, that he alfo deferibes the camera 
of fome noblemen, Bacon obtained his liberty 5 after obfcnra, and all forts of glades, which magnify or di- 

\W11ch he fpent the remainder of his life in the college rninilh any objcCl, or bring it nearer to the eye, or re- • 

of his order, where he died in the year 1294, at 80 move it farther off. Bacon fays hitnfelf, that he had 

years of age, and was buried in the 1’ rancifcan church, great numbers of burning-glades: and that there were 

1. uch are the few particulars which the molt diligent re- none ever in life among the Latins, till his friend Pe- 

iearches have been able to difeover concerning the life ter de Mahara Curia applied himfelf to the making of 

of this very extraordinary man, . _ _ them. That the telctcope was not unknown to him, 

Bacon a printed works arc, l» Rp'tjlola Fratris Robert appears from a paflage where he fava, that he was able 
Jfaconisae Srcrtt/s Operihvs Artis et Nature, ct de NuU to form glades in fuch a manner, with refpeft to our 
,ta !f •' Vans, 1542, in 410. Bafil, 1593, in 8vo. fight and the obi efts, that the rays (hall be refracted and 

2. Opus Majus •. London, 1733, tn fol. publittied by refle&ed wherever we pleafe, fo that we may fee a thincr 

Dr. Jebb. 3. Thefaurus Chcmieus : Francf. 1603 and under what angle we think proper, either near or at a 
iGzo. 1 hefe printed works of Bacon contain a con- dillance, and be able to read the fmallctt letters at an 
fidcrable number of effays, which have been confidered incredible dillance, and to count the dud and fand, on 
as dutinct books in the catalogue of his writings by account of the greatnefs of the angle under which we 
.Bale, Pitts, etc 5 but there remain alfo in different libra- fee the objca S ; and alfo that we (hall fcarcc fee the 

Ties leveral manuferipts not yet publifhed. greatett bodies near us, on account of the fmallnefs of the 

By an attentive perufa! of his works, the reader is angle under which we view them. His fkill in altro- 
a(toni/ned to find that this great luminary of the 13th nomy was amazing: he ilifeovered that error which oc- 
ccntury was deeply (killed in all the arts and fcicnces, calioned the reformation of the calendar ; one of the 
and m many of them made the mod important inven- greatett efforts, according to Dr. Jebb, of human in- 
tions and difcovenes. He was, fays Dr. Peter Shaw, duftry: and his plan for correcting it was followed by 
beyond all companion the greatett man of his time, pope Gregory the 13th, with this variation, that Bacon 
and i»c might perhaps ftand 111 competition with the would have had the correction to begin from the birth 
greatett that have appeared nnce, ^ It is wonderful, con- of our Saviour, whereas Gregory’s amendment teaches 

ndcring the ignorant age in which he lived, how he no higher than the Niccne council, 

came by fuch a depth of knowledge on all fubjeCls. BACON (Francis), baron of Verulam, vifcmtnt of 
His writings are compofed with that elegance, con- St. Albans, and lord high chancellor of England under 
cifcnefs and (Ircngth, and adorned with fuch juft and king James 1 . He was born in 1560, being fon of Sir 
exqiniite obfervattons on nature, that, among all the Nicholas Bacon lord keeper of the great teal in the 
cherrmts, we do not know his equal. In his chemical reign of queen Elizabeth, by Anne daughter of Sir 
writings, he attempts to fhew how imperfcft metals AmImny Cook, eminent for her (kill in the Latin and 
may be ripened into perfeCt ones; making, with Gcber, Greek languages. He gave even in his infancy tokens 
mercury the common bafis of all metals, and fulphur of what he would one day become; and queen Elivsn- 
tbecement. betli had many times occafion to admire his wit and 

His other phyfical writings ttiew no lefs genius and talents, and ufed to call him her young lord keeper, 
force of mind. In his treatife Of the Secret Works of He ftudied the philofophy of Ariftotle at Cambridge ; 
Jtrt and Nature, he ttiews that a perfou perfectly ac- where he made fuch progrefs in his /Indies, that at 16 

quainted with the manner obferved by nature in her years of age he had run through the whole circle of the 
operations, would be able to rival, and even to furpafs liberal arts as they were then taught, and even began to 
her. In another piece, Of the Nullity of Magic> he perceive thofe imperfections in the reigning philofophy, 
thews with great fegacity aud penetration, whence the which he afterwards fo cffeftually expofeif, and thence 
notion of it (pritng, and how weak all pretences to it not only overturned that tyranny which prevented the 
are. From a perufal of his works, aJds the fame progrefs of true knowledge, but laid the foundation of 
author, we find Bacon was no ft ranger to many of the that free and ufeful philofophy which has fince opened 
capital difcovenes of the prefent ana patt ages. Gun- a way to fo many glorious difcovenes. On his leaving 
powder he certainly knew; thunder and lightning, he the univerfity, hia fatlter fent him to France; where, 
tells us, may be produced by art; for that fulphur, nitre before he was 19 years of age, he wrote a general view 

a J.V™* l’ which when feparrate have no fenfible of the ftate of Europe: but bis father dyinw, he was 

*“ c ®» 7 ct * he “ »wcd together in due proportion, and obliged fuddenly to return to England ; where he ap- 
clofely confined, and fired, they yield a loud report, plied himfelf to the (hidy of the common law, at 

A more prccifc delcription of gunpowder cannot be Cray's-inn. His merit at length railed him to the 

bighclt 
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higheft dignities in his profeiHon, attorney-general, and 
lord high chancellor. But being of an eafy and li¬ 
beral difpofition, his fervants took advantage of that 
temper, and their fituation under him, by accepting' 
prefents.in the line of his profeilion. Being aban¬ 
doned by the king, he was tried by the houfe of lords, 
for bribery and corruption, and by them fentenced to 
pay a line of 40,000/. and to remain prifoner in the 
Tower during the king's pleafure. The king however 
foon after remitted tne fine and punifhment: but his 
misfortunes had given him a diftalte for public affairs, 
and he afterwards mollly lived a retired life, dofely 
purfuing his philofophical fludies and amufements, in 
which time he compofed the greateft. part of his Eng- 
lifh and Latin works. Though even in the midfl of 
his honours and employments he forgot not his philo- 
fophy, but in i 6 zo publifhed his great work Novum 
Orgunum. After fome years fpent in his philofophical 
retirement, he died in 1626, being 66 years of age. 

The chancellor Bacon is one of thofe extraordinary 
geniufes who have contributed the moll to the advance¬ 
ment of the fciences. He clearly perceived the im- 
perfedlion of the fchool philofophy, and he pointed out 
the only means of reforming it, by proceeding in the 
oppofile way, fpom experiments to the difeovery of the 
laws of nature. Addifon has faid of him, That he had 
the found, dillinft, comprehenlive knowledge of Arif- 
totle, with all the beautiful light graces and embellish¬ 
ments of Cicero. Mr. Walpole calls him the Prophet 
of Arts , which Newton was afterwards to reveal; and 
adds, that his genius and his works will be universally 
admired as long as fcieneeCxilts. He did not yet, faid 
another great man, undei ftand nature, but he knew and 
pointed out all the ways that lead to her. He very 
early defpifed all that the univeriities called philofophy; 
and he did every thing in his power that they fhould 
not difgrace her by their quiddities, their honors 
of a vacuum,' their fubltantial forms, and fuch like 
impertinencies. 

He compofed two works for perfecting the fciences. 
The former On the Dignity and Augmentation of the 
Sciences, He here fhews the Hate in which they then 
were, and points out what remains to be difeovered for 
perfecting them; condemning the unnatural way of 
Arillotle, inrevcrlingthe natural order of things. He 
here alfo propofes his celebrated divifion of the 
fciences. 

To remedy the faults of the common logic, BaCon 
compofed his fecond work, the New Organ of Sciences, 
above-mentioned. He here teaches a new logic, the 
chief end of which is to Ihew how to make a good in¬ 
ference, as that of Ariflotle’s is to make a fyllogifm. 
Bacon was 18 years in dbmpofing this work, and he al¬ 
ways eltcmed it as the chief of his compofitions. 

The painawhich Bacon bellowed upon all the fciences 
in general, prevented him from making any confider- 
able applications to any one in particular s and as he 
knew that natural philofophy is the foundation of all 
the other fciences, he chiefly endeavoured to give per¬ 
fection to it. He therefore propofed to eftablifh a 
new fyftcm of phyfics, rejecting the doubtful principles 
oi the ancients. For this purpofe he took the refo- 
lution of compofing every month a treatiie on fome 


branch of phyfics ; he accordingly began with that 0J 
the grinds; then he gave that of heat; next that/ of 
motion; and laftly that of life and death. But as it 
was impoffible that one man alone could fo compofe the 
whole circle of fciences with the fame precifion, after 
having given thefe patterns, to ferve as a model to thofe 
who might choofe to labour upon his principles, he con¬ 
tented himfelf with tracing in a few words the deiign 
of four other trails, and with furnifhing the materials, 
in his Silva Silearum, where he hasamarfed a vaft num¬ 
ber of experiments, to ferve as a foundation for his new 
phyfics. In fatl, no one before Bacon underftood any 
thing of the experimental philofyphy ; and of all the 
phyhcal experiments which have been made fince his 
tijpe, there is fcarccly one that is not pointed out in his 
works. 

This great prccurfor of philofophy was alfo an ele¬ 
gant writer, an hiliorian, and a wit. His moral efiays 
are valuable, but are formed more to inftruft tlian to 
pleafe. There are excellent things too in his work On 
the Ji'ifdom of (he Ancients, in which he has moralized the 
fables which formed the theology of the Greeks and Ro¬ 
mans. He wrote alfo 7 he Hijiory of Henry the VIJth 
ting of England, by which it appears that he was not 
lets a great politician than a great philofopher. 

Bacon had alfo fome other writings, publifhed at dif¬ 
ferent times; the whole of which were collcflcd toge¬ 
ther, and publifhed at Frankfort, in the year 1665, in. 
a large folio volume, with an introduflion concerning 
his life and writ ings. Another edition of his works was 
published at London in 1740; the enumeration of 
which is as below ; 

1. De Dignitate et Augmentis Scientiarum. 

2. Novum Organum Scientiarum, five Judicia vera 

de Interprqtatiofte Naturae; cum Parafccve ad Hiflo- 
riam Naturalem & ExperimeRtalcm. . 

3. Phenomena Univcrfi, five Hifloria Naturah’9 Sc 
Experimental is de Ventis; Hifloria Dcnfi & Rari; 
Hifloria Gravis Sc Levis; Hifloria Sympathise & An- 
tipathia: Rerum; Hifloria Sulphuris, Mercurii, & Salis; 
Hifloria Vitae Sc Mortis; Hifloria Naturalis 8 f Experi- 
mcntalis de Forma Calidi; l)e Motus, five Virtutis 
ailiv.e variis fpecicbus ; Ratio inveniendi caufas Fluxua. 

Sc Rcfiuxus Maris; Stc, &c. 

4. Silva Silvarum, five Hifloria Naturalis., 

5. Novus Atlas. 

6. Hifloria Rcgni Hearict vii Angliae Regis. 

7. Sermones Fideles, Ethici, Politici, Oeconomici., 

8. De Sapientia Vetenim. 

BACULE, in Fortification, a kind of portcullis, or 
gate, made like a pit-fall, with a counterpoife, and 
lupported with two great flakes. It is ufually made 
before the corps de garde, not far. from the gate of a 
place. 

BACULOMETRY, the aft of meafnring either 
acrefiiblo or inaeceilible lines, by the help of lacufi, 
flavet, or rods. Schwenter has explained this art in 
his Geometria PraBica ; and the rules of it are delivered 
by Wolfius, in his Elements: Ozanam alfo gives an il- 
lullration of the principle# of Baculometry. 

BA 1 LLY (Jean Svlvain), a celebrated French 
aflronomer, hifloriographer, and politician, was born at 
Paris the i^th of September 17^6, and has figured as 

one 
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one of the greateft men of the age, being a member of 
feveral academies, and an excellent fehoktr and writer. 
He enjoyed for feveral years the office of keeper of the 
king’s pi&ures at Paris. He publifhed, in 1766, a 
volume in 4to t An Ejjfay on the Theory of Jupiter*t Sa¬ 
tellites, preceded by a Hiftory of the Ailronomy of thefe 
Satellites. In the Journal Encyclopedique for May and 
July 1773, he addrefled a letter to M. Bernoulli, Afiro- 
mcr Royal at Berlin, upon fome difeoveries relative to 
thefe fatellites, which he had difputed. In 1768 he 
publifhed the Eulogy of Leibnitz, which obtained the 

{ >rize at the Academy of Berlin, where it was printed. 

n 1770 he printed jat Paris, in 8vo, the Eulogies of 
Charles the Vth, of de la Caille, of Leibnitz, and 
of Corneille. This lait had the fecond prize at tjie 
Academy of Rouen, and that of Moliere had the fame 
honour at the French Academy. 

M. Bailly was admitted into the Academy as Adjunft 
the 29th of January 1763, and as Afibciatc the 14th 
of July 1770.—In 1775 came out at Paris, in 4to, his 
Hifiory of the Ancient Aftronomy, in I volume : In 1779 
the Hi/lory of Modern Aflronomy in 2 volumes: and in 
1787 the Hifiory of the Indian and Oriental Aftronomy , 
being the 2d vol. of the Ancient Aftronomy. 

M. Bailly *s memoirs publifhed in the volumes of the 
Academy, are as follow : 

Memoir upon the Theory of the Comet of 17^9. , 

Memoir upon the Epoques of the Moon’s motions at 
the end of the laft century. 

Firft, fecond, and third Memoirs on the Theory of 
Jupiter’s Satellites, 1763. 

Memoir on the Comet of 1762 : vol. for 1763. 
Aftronomical Obfcrvations, made at Notion : 1764. 
On the Sun’s Eclipfe of the ift of April, 1764. 

On the Longitude of Polling; f] 64. 

Obfcrvations made at the Louvre from 1760 to 1764: 

the caufe of the Variation of the Inclination of 
the Orbit of Jupiter’s fecond Satellite ; 1765. 

On the Motion of the Nodes, and on the Variation 
of the Inclination of Jupiter’s Satellites; 1766. 

On the Theory of Jupiter's Satellites, publifhed by 
M. Bailly, and according to the Tables of their Mo¬ 
tions and of thofe of Jupiter, publifhed by M. Jcaurat; 
1766. 

% Obfervations on the Opposition of the Sun and Ju¬ 
piter; 1768. 

On the Equation of Jupiter’s Centre, and on fome 
other Elements of the Theory of that Planet; 1 768. 

On the Tranfit of Venus over the Sun, the 3d of 
June 1769; and on the Solar Eclipfe the 4th of June 
the fame year ; 1769. 

In the beginning of the revolution in France, in 
1789, M. Bailly took an aftive part in that bufinefs, 
and was fo popular and‘generally eflecmed, that he was 
cbofen the nrfj prefident of the States General, and of 
the National Aflembly, and was afterwards for two 
years together the Mayor of Paris ; in both which 
offices he conduced himfelf with great fpirit, and gave 
general fatisfa&ion. 

He foon afterward however experienced a fad 
reverfe of fortune ; being accufed by the ruling party 
of favouring the king, he was condemned for incivifm 
and wanting to overturn the Republic, and died by 


the Guillotine at Paris on the eleventh day of Novem¬ 
ber, 1793* at S7 years of age. , . 

BAIN BRIDGE (John), an eminent phyfician, 
aftronomer, and mathematician. He was born in 158a, 
at Afhby de la Zoucb, Leiceflerfhire. He ftudied at 
Cambridge, where having taken his degrees of Bache¬ 
lor and Mailer of Arts, he returned to Leiceflerfhire, 
where for fome years lie kept a grammar-fehool, and at 
the fame time prattifed pliyfic ; employing his ieiiurc 
hours in fludyiug mathematics, efpccialiy aftronomy, 
which had been his favourite fciencc from his earlieft 
years. By the advice of his friends, he removed to 
London, to better his condition, and improve himfelf 
with the conversation of learned men there ; and here 
he was admitted a fellow of the college of phyficians. 
His defeription of the comet, which appeared in 1618, 
greatly railed his character, and procured him the ac¬ 
quaintance of Sir Henry Savile, who, in 1619, ap¬ 
pointed him his firft profefior of aftronomy at Oxford. 
On his removal to this univerfity, he entered a maf- 
ter commoner of Merton college; the mailer and fel¬ 
lows of which appointed him junior reader of Linacer’s 
ledlure in 1631, and fuperior reader in 1635. As he 
refolved to publifh correct editions of the ancient aflro- 
nomers, agreeably to the ftatutes of the fouuder of his 
profefTorfhip, that he might acquaint himfelf with the 
difeoveries of the Arabian aflronomers, he began the 
ftudy of tlie Arabic language when he was above 40 
ears of age. Before completing that work however 
c died, in the year 1643, at 61 years of age. 

Dr. Bainbridge wrote many works, but moil of them 
have never been publifhed ; thofe that were publifhed, 
were the three following, viz : 

1. An Aftronomical Defeription of the late Comet, 
from the i8thof November 1618, to the 16th of De¬ 
cember following; 4to, London, 1619.—This piece 
was only a fpccimen of a larger work, which the 
author intended to publifh in Latin, under the title of 
Cometographia. 

2. Procli Sphaera, Ptolomnei de Hvpothefibus Planc- 
tarum liber fingularis. To which he added Ptolomy’s 
Canon Regnorum. He collated thefe pieces with an¬ 
cient manuferipts, and gave a Latin verfion of them, 
illuftrated with figures: printed in 4to, >620. 

3. Canicularia. A treatife concerning the Dog-ftar, 
and tlie Canicular Days: publifhed at Oxford in 1648, 
by Mr. Greaves, tpgether with a demonftration of the 
heliacal riling of Sirius, the dog-ftar, for the parallel of 
Lower Egypt. Dr. Bainbridge undertook this work 
at the requeft of arclibifhop Ufiicr, but he left it itn- 
perfetl; being prevented by the breaking out of the 
c*vil war, or by death. 

There were alfo feveral diffestations of his prepared 
for and committed to the profs the year after his death, 
but the edition of them was never completed. The 
titles of them are as follow : 

ift, Autiprognoflicon, in quo Matlwf Aftrologicsr, 
Cceleftium Domorum, et Triplicitatum Commentis, 
magnifquc Saturni et Jovis (cujufmodi anno 1623, et 
1643, contigerunt, et viceiimo fere quoque deinceps 
anno, ratis naturae legibus, recurrent) Conjun&ionibua 
innixse, Vanitas breviter detegitur. 

2nd, De Meridionorum five Longitudinum Difie- 
rentiis inveniendis Differtatio. 

3d, De 
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J d, De Stella Veneris Diatribe, 
it-fide the foregoing, there were Several other trafts, 
never printed, but left by his will to archbifhop Uflierj 
among whofe manufcripts they are preferred in the li¬ 
brary of the college of Dublin. Among which arc 
the following: l. A Theory of the Sun. 2. A 
Theory of the Moon. 3. A Difcourfe concerning 
the Quantity of the Year. 4. Two volumes of Aftro- 
, nomicul Observations. 5. Nine or ten volumes of 
Miscellaneous Papers relating to Mathematical fub- 
jedlu. - 

BAKER. (Thomas), a mathematician of fome 
eminence, was born at Iiton in Somcrfctfhire, in 1625. 
He entered upon his itudics at Oxford in 1640, where 
he remained Seven years. He was afterwards appointed 
vicar of Bifhop’s-Nymmet in Devonfltire, where he lived 
a ftudious and retired life for many years, chiefly pur- 
fuing the mathematical fciences; of which he gave 
a proof of his critical knowledge, in the book he 
publifhed, concerning the general conftruftion of bi- 
' quadratic equations, By a parabola and a circle; the 
title of which book at full length is, “ The Geometri¬ 
cal Key ; or the Gate of Equations unlocked : or a 
new difeovery of the Conftruftion of all Equations, 
howfoever affefted, not exceeding the 4th degree, viz, 
of Linears, Quadratics, Cubics, Biquadratics, and the 
finding of all their Roots, as well Falfe as True, with¬ 
out the ufe of Mefolabe, Trifeftion of Angles, without 
Rcduftion, Depreffion, or any other previous prepara¬ 
tions of equations by a circle, and any (and tliat one 
only) Parabole, See" : 1684, 4to, in Engliih and Latin. 
There is fome account of this work in the Philof. 


the celebrated Daniel Defoe, by wbom hie had two ions, 
who both died before him. He terminated an honour¬ 
able and ufeful life, at his apartments in the Strand oo 
the 25th of November 1774, being then upwards of 70 
years of age. 

BAKER’s Central Rule, for the Conftruftion of 
Equations, is a method of conllrufting all equations, not 
exceeding the 4th degree, by means of a given para¬ 
bola and a circle, wimout any previous reduftion of 
them, or firft taking away their fccond term. See 
Central Rule. 

BALANCE, one of the fix fimple powers in me¬ 
chanics, chiefly ufed in determining the equality or dif¬ 
ference of weight in heavy bodies, and confcquently 
their mafl*e8 or quantities of matter. 

The balance is of two kinds, the ancient and modern . 
The ancient or Roman, called alfo Statera Romana, or 
Steelyard, confifts of a lever or beam, moveable on a cen¬ 
tre, and fufpended near one of its extremities. The 
bodies to be weighed are fufpended from the fliortcr 
end, and their weight is (hewn by the divifion marked 
on the beam, where the power or conftant weight, 
which is moveable along the lever, keeps the fteclyard 
in equilibrio. This balance is flill in common ufc for 
weighing heavy bodies. 

The modern balance, now commonly ufed, confifts of 
a lever or beam fufpended cxaftly in the middle, and 
liaving feales fufpended from the two extremities, to 
receive the weights to be weighed. * 

In either cafe the lever is called the jugum or the 
learn, and its two halves on each fide the axis, the 
Irachia or arms ; alfo the line on which the beam turns. 


Tranf. an. 1684. And a little before his death, the 
Royal Society lent him fome mathematical queries; to 
which he returned fuch fatisfaftory anfwcrs, as pro¬ 
cured the prefent of a medal, with an infeription full of 
honour and refpeft.—Mr. Baker died at Bifhop’s- 
Nymmet, 1690, in the 65th year of his age. 

BAKER (Henry), an ingenious and diligent na- 
turalift, was horn in London about the beginning of 
the 1 8th century. He was brought up under an emi- 
nent bookfellcr, but being of a philosophical turn of 
mind, he quitted that line of bufinefs foon after the ex¬ 
piration of his apprenticelhip, and took to the employ¬ 
ment of teaching deaf and dumb perfons to fpeak and 
write &c, in which occupation, in the courfe of his life 
he acquired a handfome fortune. For his amufement 
he cultivated various natural and philosophical fciences, 
particularly botany, natural hiflory, ana microfcopical 
fubjefts, in which he efpecially excelled, having, in the 
year 1744, obtained the Royal Society’s gold medal, 
for his microfcopical experiments on the cryftallizations 
and configurations of faline particles. He had various 
papers publifhed in the Philof. Tranf. of the Royal 
Society, of which he was a worthy member, as well as 
of the Societies of Antiquaries, and of Arts. He was 
author of many pieces, on various fubjefts, the princi¬ 
pal of which were, his Treatife on the Water Polype, 
anti two Treatifes on the Microfcope, viz. The Micro - 
ft ope made eafy, and Employment for the Microfcope , 
which have gone through Several editions. 

Mr. Baker married Sophia, youngeft daughter of 


or which divides it in two, is called the axis ; and 
when confidercd with regard to the length of the bra- 
chia, is eftccmed only a point, and called the centre 
of the balance, or centre of motion: the extremities 
where the weights are applied, are the points of applica¬ 
tion or fufpcnfton; the handle by which the balance ie 
held, or by which the whole apparatus is fufpended, i» 
called trutina ; and the (lender part perpendicular to the 
beam, by which is determined either the equilibrium or 
preponderancy of bodies, is called the tongue of the balance. 

From thefe deferiptions we eafily gather the chanc- 
teriftic diftin&ion between the Roman balance and the 
common one, viz, that in the Roman balance, there is 
one conftant weight ufed as a countcrpoife, the point 
where it is fufpended being varied j but, on the contrary, 
in the common balance or feales, the points of fufpen- 
fion remain the fame, and the countcrpoife is varied. 
The principle of both of them may be eafily underdoes! 
from the general properties of the lever, and the fal¬ 
lowing observations. 

The beam ABC, the principal part of the balance, 
is a lever of the firft kind ; but inftead of reding on a. 
fulcrum, it is fufpended by a handle, See, fattened to» 
its centre of motion B: and hence the mechanifmof the 
balance depends on the fame theorems as that of the 
lever. Confcquently as the diftance between the cen¬ 
tre of motion and the place of the unknown weight, is. 
to the diftance between the fame centre and the place 
of the known weight, fo is the latter weight, to ihe for¬ 
mer. So that the unknown weight is difeoveredby means. 
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of the known one, and their diftances from the common 
eentre of motion ; viz, if the diftances from the centre 
he equal, then the two weights will be equal alfo, as in 
the common balance; but if the di fiances be unequal, 
then tiie weights will alfo be unequal, and in the very 
fame proportion, alternately, the lefs weight having fo 
much the greater difiance, as in the fleelyard. 

The Common Balance or Scales* 



The two Brachia AB, BC, fliould be exaftly equal in 
length, and in weight alfo when their feales D and K 
are fixed on their cuds; the beam fhould hang exactly 
level or horizontal in the cafe of an equipoife; and for 
this purpofe the centre of gravity of the whole fhould 
fall a little below the centre of motion, and but a little, 
that the balance be fufficiently fenfible to the leafl vari¬ 
ation of weight: the friction on the centre fhould alfo 
b% as fmall as pofiible. * 


The Steel TarJ. 



■ Having made a proper bar of fieri AB, tapering at 
the longer end, and very tlrong at the other, Append 
it by a centre C near the {hotter or thicker end,, la 
that it may exaftly balance itfelf in eqnilibrio, and pre¬ 
pare a conflant weight 1 to weigh with: then hang on 
a y weight, as one pound for inilance, at the fhorter arm, 
and fljdc the conitant weight backwards and forwards 
upon the longer arm, till it be juft in equilibrio with the 
former; and there make a notch and number i, for the 
place of l pound: take ofT the flb, and fcang a two 
pound weight in its Head at the fhorter arm ; then Hide 
the conflant weight back on the longer arm, till the 
whole come again into equilibrio, making a notch at 
the place of the conflant weight and the number-?, for 
the place of 2lb. Proceed in the fame manner for all 
other weights 3, 4, 5, &cc ; as alfo for the intermediate 
halves ana quarters, &c, if it be necefi’ary j always fuf- 


pending the variable weights at the end of the fhorter 
arm, fhiftingtlic conflant Weight fo as to balance them, 
and marking and numbering the places on the longer 
arm where the conflant weight always makes a coun- 
terpoife. The ufe of the Steelyard is hence very evi¬ 
dent : the thing whofe weight is required beiug Ap¬ 
pended by a hook at the fhort end, move the conflant 
weight backwards and forwards on the longer aim, till 
the beam is balanced horizon tally: then look what notch 
phe conflant weight is placed at, and its number will 
fliew tip weight of the body that was required. DC rs 
the handle and tongue; I 1 ’the centre of million; KG 
a fcalc fumetiines hung on at the end by the hook H. 

The Bent-Lever Balance. 



This inflrument operates by a fixed weight, C, in- 
creating in power as it afeeuds along the arc FG of a 
circle, and pointing by an index to the number or di • 
vifion of the arc which denotes the weight of any body 
put into the fcale at K. And thus one conflant wt »ght 
ferves to weigh all others, by only varying the petition 
of the arms of the balance, inllcad of varying the places 
or points of fufpentiun in the arms thcinlelvcs. 

The Deceitful Balance. This operates in the fame 
manner as the fleelyard, and cheats or deceives by hav¬ 
ing one arm a little longer than the other ; though the de¬ 
ception is not perceived, becaufe the fho ter arm is made 
fomewhat heavier, fo as to compcnfatc for its fliortnrf's', 
by which means the beam of the balance, when no 
weights are in the feales, hangs horizontal in equilibrio. 
The confequencc of this conitru&iou is, that any com¬ 
modity put in the fcale of the longer arm, requires a 
greater weight in the other fcale to balance it; and fo 
the body is fallacioufly accounted heavier than it really 
is. But the trick will eafily be detected by making the 
body and the weight change places, removing them to 
the oppofitc feales, when the weight will immediately 
be feen to preponderate. 

AJfay-Balanee. This is a very nice balance, tPed in 
determining the exadt weights of very fmall bodies, lis 
ftru&flrc is but little different from the common fort ; 

except 
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except th*t it it made of tljebeft awl hardeft Bed, and 
made to tura with the fitmlleft weight. 

Hydrofiaticcd Palana. This is an inftrument for de¬ 
termining the fpecific gravity of bodies. See Hv»at>- 
statical, and Specific Gravity. 

Balance, in Aftronomy, the fame as Libra. 
Balance of a CJoti or Watch, is that part which, 
by its motion, regulates and determines the beats. The 
circular part of it is called the rim, and its fpindle the 
verge; tnerc belong to it alfo two pallets or nuts, that 
play in the fangs of the crown-wheel: in pocket watches, 
that ftrong find in which the lower pivot of the verge 
plays, and in the middle of which one pivot of the 
crown-wheel runs, is called the potence : the wrought 
piece which covers the balance, and in which the upper 

! >ivot of the balance plays, is the cock ; and the (mall 
pring in the new pocket watches, is called the regulator. 

BALCONY, a projefture in the frout of a houfc, 
or other building, commonly fupported by pillars or 
coufoles, and cncompafled by a bailuftradc. 

BALL, any fphcrical, globular,' or round body. 
Ball, in the military art, fignifies all forts of bullets 
for lire arms, from tire piflol up to the largell cannon. 
Cannon balls are made of caft iron; but the mu fleet and 

J iiilol balls of lead, as tilde are both heavier under the 
ante bulk, and do not furrow the barrels of the pieces. 

Hall of a Pendulum, is the weight at the bottom of 
it; and is fometimes, cfpecinlly in fhorter pendulums, 
called the bob. 

Balls of Fire, in Meteorology. See Tike balls. 
Balls, in Electricity, invented by Mr. Canton, arc 
two pieces of cork, or pith of elder tree, nicely turned 
in a lathe to the fixe of a fmall pea, and fufpended by 
fine linen threads. They are ufed as eleftrotncters, and 
arc of excellent ufe to difeover fmall degrees of cleft li¬ 
cit y ; and to obferve its changes from pofitive to nega¬ 
tive, or the reverfc; as alfo to eftimate the force of a 
iliock before the difeharge, fo that the operator fliall 
always be able to tell very nearly before hand what the 
explofion will be, by knowing how high lie has charged 
bis jars. 

liALLISTA, a military engine much ufed by the 
ancients for throwing (tones, darts, and javelins; and 
fomewhat refcmbling our crofs-bows, but much larger 
and llronger. The word is Latin,fignifying acrofs-bow; 
but is derived from the Greek 0 sCOm, to Jhoot, or thronr. 

Vcgctiua informs us, that the ballifta difeharged 
darts with fuch violence and rapidity, that nothing 
could refill tlieir force : a fid Athenssus adds, that Agi* , 
Aratos made one of lk tlc more than z feet in length, 
that (hot darts 500 paces. Authors have often uon- 
fouuded the balliAa with tlie catapuha, attributing to 
the one what belongs to tbe other.. According to Vi¬ 
truvius, the balliita was made after divers manners, 
though all were ufed to the fame purpofe: one fort was 
framed with levers and bars; another with pullies; fume 
with a crane; and others again with a toothed wheel. 
Maicellinus djeferibes the ballifta thus; A round iron 
cylinder is fattened between two plauks, from which 
reaches a hollow fquare beam placed crofs-wife, fattened 
with cords, to which are added ferewb At one end of 
this (lands the engineer, who puts a wooden (baft, or 
arrow', with a large head, into the cavity of the beam; 
this done, two men bend .the engine, by drawing fume 

Vet. f. 


wheels; whea the top of tbe bead is drawn to the otraoft 
V*nd of the cords, the (haft is driven out of tbe balliita, &c. 

The balliita is racked by the ancients in the fling; 
kind, and its ftrufture and effeft reduced to tbe prin¬ 
ciples of that inftrument; whence it is called by Hero 
and others, fmnda, and fundiiulut. Gunther calls it' 
Jta.'carica machiua , as a (ling peculiar to the Balearic 
iilands.—Perrault, in his notes on Vitruvius, gives » 
new contrivance of a like engine for throwing bomba 
without powder. 

Fig. i, Plate v, represents the.balliita ufed in fieges, 
according to Folard: where 2, z , denote the bafe of the 
ballifla; 3, 4, upright beams; 5, 6, tranfverfe beams; 
7, 7, the two capitals in the upper tranfverfe beam, (the 
lower tranfverfe beam lias alfo two fimilar capitals, 
which cannot be feen in this tranfverfe figure); 9,9, 
two pods or fupports for (lengthening the tranfverfe 
beams; 10, 10, two fkains of cords fattened to the ca¬ 
pitals; 11, 11, two arms inferted between the two 
(hands, or parts of the ikains; 12, a cord fattened to 
the two arms; 13, darts which arc (hot by the balliita; 
14, 14, curves in the upright beams, and in the con¬ 
cavity of which cufliions are fattened, in order to break 
the force of the arms, which (trike againft them with 
great force when tbe dart is difeharged ; 16, tht arbor 
of the machine, in which a (Iraight groove or canal is 
formed to receive the darts, in order to their being (hot 
by the balliita; 17, the nut of the trigger; 18, the roll 
or windlafs, about which the cord is wound; 19, a book, 
by'which the cord is drawn towards the centre, and 
the balliita cocked ; zo , a ftage or tabic on which t hn 
arbor is in part fuftained. w 

Balmsta, in Practical Geometry, tbe fame as 
the geometrical crofs, called alfo Jacob's Staff. Scc 
Cxoss -Staff. 

BALLISTIC Pendulum, an ingenious machine 
invented by Benjamin Robins, for afceitabling the velo¬ 
city of military projeftiles, and coufequently the force of 
fired gun-powder. It confifts of a large block of wood, 
annexed to the end of a ftrong iron Item, having a crofs 
(leel axis at the other end, placed horizontally, about 
which the whole vibrates together like the pendulum 
of a clock. The machine being at reft, a piece of 
ordnance is pointed (Iraight towards the wooden block, 
or ball of this pendulum, and then difeharged: the 
confequcnce is this; the ball difeharged from the gun 
(trikes and enters the block, and canles the pendulum 
to vibrate more or lefs according to the velocity of the 
projeftile, pr the force of the blow; and by obferving the 
extent of the vibration, the force of that blow becomes 
known, or the greateft velocity with which the block is 
moved out of its place, an,d coufequently the velocity of 
the projeftile itfelf which llruck the blow and urged the 
pendulum. 

The more minute and particular defeription may be 
feen in my Trafts, vol. I, where are given all the rules 
for ufing it, and for computing the velocities, with a 
multitude of accurate experiments perfouned with can¬ 
non balls, by means of which the moil ufcful and im¬ 
portant conclufions have been deduced in military pro- 
jeftiles and the nature of pbyfics. I have abb nnce 
that publication, made many other experiments of the 
fame kind, by difeharging cannon balls at various dif- 
tanccs from the block; from which have rcfulted'tbe 
B b difeovery 
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difcovery of a complete feriej of the refiftances of the 
air to balls paffing through it with all degree* of veto* 
city, from o up to 2000 feet in a fecond of time. 

Other writers on this fubiedt are Euler, Antoni* Le 
Roy, Darcy, &c. See alfo Robins’s Mathematical 
Trafts. 

11 ALL 1 STICS, is ufed by fome for projeftiles, or the 
art of throwing heavy bodies Merfennus has published 
a treat iie on the prqjedlion of bodies, under this title. 

BALLOON, or Ballon, in a general fenfe, fig- 
miles any i’pherical hollow body. Thus, with chcmifli, 
it denotes a round Ihort-necked veflel, ufed to receive 
what is diHilled by means of lire: in architedlutc, a 
ball or globe on the top of a pillar, &c : and among en¬ 
gineers, a kind of bomb made of pafteboard, and played 
off in fireworks, in imitation of a real iron bomb-(hell.. 

v?ir-BALLOON. See Aerostation and Am-Ballooti . 

BALLUSTER, a fmall kind of column *or pillar, 
ufed for balluft raclps. 

BALLUSTRADE, a feries or row of balluilers, 
joined by a rail; ferving for a reft to the arms, or as a 
fence nr inclofnre to balconies, altars, ftaircafes, &c. 

BAND, in Architrdlure, denotes any flat low mem¬ 
ber, or moulding, that is broad, but not very deep. The 
word /are fometimes means the fame thing. 

BANQUET, or Banquette, in Fortification, a 
little foot-Eank, or elevation of earth, forming a path 
along the iufide of a parapet, for the foldiers to itand 
upon to difeover the counterfcarp, or to fiieon the ene¬ 
my, in the moat, or in the covert way. It is commonly 
About 3 feet wide, and a foot and a half high. 

BARLOWE (William), an eminent mathema¬ 
tician and divine, in the 16th century. He was born in 
Pembrofcefhire, his father (William Barlowc) being 
then bifiiop of St. David’s. In 1560 he tvas entered 
commoner of Bniiol college in Oxford; and in 1564, 
having taken a degree in arts, he left the univerfity, and 
went to fea; but in what capacity is uncertain : how¬ 
ever he thence acquired confiderable knowledge in the 
art of navigation, as his writings afterwards (hewed. 
About the year 1573, he entered into orders, and be¬ 
came prebendary of Winchefter, and reft or of Eafton, 
near that city. In 1588 he was made prebendary of 
Litchfield, which he exchanged for the office of trealurer 
of that church. He afterwards was appointed chaplain 
to prince Henry, eldcft fon of king James the firft; 
and, in 1614, archdeacon of Saliibury. Barlowe was 
remarkable, efpecially for having been the firft writer 
on the nature and properties of the loadftone, 20 years 
before Gilbert publifhed bis book on that fubjeft. He 
was the firft who made the inclinatory inftrument 
traufparent, and to be ufed with a glafs on both fides. 
It was he alfo who fufpended it m a coropafs-box, 
where, with 2 ounces weight, it was made fit tor ufe at 
fea. He alfo found out the difference between iron and 
(tee!, and their tempers for magnetical ufes. He like- 
wife difeovered the proper way of touching magnetical 
needles; and of piecing and cementing of loadftones; 
and alfo why a loadftone, being double-capped, muft 
take up fo great a weight. 

Ba#>we died in the year 1625.—His works are as 
follow: 

I. The Navigator'/ Supply, containing many thing/ of 
principal importance belonging to Navigation , and ufe of 
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diverfe hjlrumentt framedchiefly for that pvrpaft. Lond. 
1597, 4W; dedicated to Robert carl of Effcx. 

2. Magnetical Advertisement t or Diverfe Pertinent Ob- 
fervations and improved Experiment/ concerning the nature 
and propertit/ of the Loadftone. Loud* 1616, 4 to * 

3. A Brief Difcovery of the idle Animadverfion/ of 
Mark Ridley , M. D. upon a trentife entitled Magnetical 
Advertifements, Lond. 1618, 4to. 

In the firft of thefe pieces, Barlowe gave a demon- 
ftration of Wright’s or Mercator’s divifion of the me¬ 
ridian line, as communicated by a friend; obferving 
that “ This manner of carde has been publiquely extant 
in print thefe thirtie yeares at lead [lie fhould have 
faid 28 only], but a clonde (as it were) and thickc 
mifte of ignorance doth keepc it hitherto concealed : 
And fo much the more, bccaufe fome who were reck¬ 
oned for men of good knowledge, have by glauncing 
fpccches (but never by any one real'on of moment) 
gone about what they could to.difgrace it.” 

This work of Baihnve’s contains descriptions of feveral 
inftruments for the ufe of Navigation, the principal of 
which is an Azimuth Compafs, with two upright fights ; 
and as the author was very curious in making experiments 
on the loadftone, he treats well and fully upun the Sea- 
Compafs. And he treated ftill farther on the fame inftru- 
ment in his fecond work, the Magnetical Advcriifemcnt. 

BAROMETER, an inftrument for meafuring the 
weight or preffure of theatmofphcre ; and by that means 
the variations in the Rate of the air, forctelli ng t he changes 
in the weather, and meafuring heights or depths, &c. 

This inftrument is founded on what is called the Tor¬ 
ricellian experiment, related below, and commonly 
confifts of a glafs tube, opeu at one end ; which being 
(li ft filled with quickiilvcr, and then inverted with the 
open end downwards into a bafun of the fame, the 
mercury defeends in the tube till it remains at about the 
height of 29 or 30 inches, according to the weight or 
preffure of the atmofphere at the time, which is juft 
equal to the weight of that column of the quickiilvcr. 
Hence it follows that, if by any means the preffure of 
the air be altered, it will be indicated by the riling or 
falling of the mercury in the tube ; or if the barometer 
be carried to a higher ftalion, the quickiilvcr will de- 
feend lower in tlie tube,'but when carried to a lower 
place, it will rife higher in the tube, according to the 
diffttcnce in elevation between the two places. 

Hiftory <f the Barometer — About the beginning of the 
laft century, when the dodtrine of a plenum was in 
vogue, it was a common opinion among philofophers, 
that the afeent of water in p^ppps was owing to what 
they called nature’s abhorrence of a vacuum ; and that 
thus fluids might be raifed by fudtion to any height 
whatever. But an accident having juft difeovered, that 
water could not be raifed in a pump unlcfs the fucker 
reached to within 33 feet of the water in the well, it 
was conjedtured by Galileo, who ftourilhed about that 
time, that there might be fome other caufe of the afeent 
of water in pumps, or at leaft that this abhorrence 
was limited to the finite height of 33 feet. Being 
unable to fiitisfy himfclf on this head, he recommended 
the confideration of the difficulty to Torricelli, who had 
been his difeipie. After fome time Torricelli fell upon 
the fufpicion that the preffure of the atmofphere was 
the caufe of thc4tfcent of water in pumps; that a column 
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of water jj feet high mi a juft counterpoife to a co- prcffure of the air. We way now proceed to take a 
lumn of air, of the fame bafe, and which extended up view of Its various forms and ufes. 
to the top of the atmofpherc; and that this was the true The Common Barometer, This is reprefentcdat fig. i, 
reafon why the water did not foUow the fucker any far- plate iv, fuch as it was Invented by Torricelli. AB is 
thcr. And this fufpicion was foon after confirmed by a glafs tube, of $, or or inch wide, the more the 
various experiments. Torricelli confidered, that if a better, and about 34 inches Jong, being clofe at the top 
column of water 33 feet high were a counterpoife to a A, and the open end B immerfed in a bafon of qtfick- 
wliole column of the atmofpherc, then a column of filver CD, which is the better the wider it is. To fill 
mercury of about 2 feet and a half high would alfo be this, or any other barometer ; take a clean new glafs 
a counterpoife to it, fince quickfilver is near 14 times tube, of the dimeufions as above, and pour into it will 
heavier than water, and fo the 14th part of the. height, purified quickfilver, with a fmall funnel either of glafs 
or near 2 feet and a half, would be as heavy as the co- or paper, in a fine continued flream, till it wants about 
lumn of water. This rcafoning was foon verified; half an inch or an inch of being full; then flopping it 
for having filled a glafs tube with quickfilver, and in- clofe with the finger, invert it flowly, and the air in 

verted it Into a bafon of the fame, the mercury prefently the empty part wifi afeend gradually to the other end, 

defecttded till its height, abqve that in the bafon, was collecting into itfelf fuch other fmall air bubbles as un- 

about two feet and a half, jnjl as he expefted. And avoidably get into the tube among the mercury, in fill* 
this is what has, from him, been called the Torricellian ing it with the funnel: and thus continue to invert it 
experiment. . feveral times, turning the two ends alternately upwards. 

The new opinion, with this confirmation of it, was till all the air bubbles are collected, and brought up to 

readily ncquicfccd in by moll of the philofophers, who the open end of the tube, and when the part filled fhali 

repeated the experiment in various ways. Others how- appear, without fpeck, hke a fine polifhed fled rod. 
ever flill adhered to the old doctrine, and raifed feveral This done, pour in a little more quickfilver, to fill the 
pretended objections againfl the new one ; fuch as that empty part quite full, and fo exclude all air from the 
there was a film or imperceptible rope of mercury, ex- tube: then, flopping die orifice again with the finger, 
tended through the upper part of the tube, which fuf- invert the tube, and immerfc the finger and end, thus 
pended the column of mercury, and kept it from falling flopped, intoa bafon of like purified quickfilver; in this 
into that in the bafon. This and other objeftions were pofition withdraw the finger, fo Audi the mercury dc- 
however foon overcome by additional confirmations of feend in the tube to fome place as E, between 28 and 
(lit true dodtrine, particularly by vary ing the elevation 31 inches above that in the bafon at F, as thefe are the 
of the place. It was hinted by Defcartes and Pafca), limits between which it always Hands in this country on 
that if the mcicury be fuflained in the tube by the pref- the common furface of the earth. Then meafure, from 
fure of the atmofpliere, by carrying it to a higher fitu- the furface of the quickfilver in the bafon at F, 28 inches 
ation, it would defeend lower in the tube, having a to G, and 31 inches to H, dividing the fpace between 
fhorter column of the atmofpliere to fuflain it, and vice them into inches and tenths, which arc marked on a 
verfa. And Pafcal engaged his brother-in-law, M. Pe- fcale placed againfl the fide of the tube; and the tenths 
ricr, to try that experiment for him, being more con- are fubdivideo into hundredth parts of an inch by a 
vcuiently fituated for that purpofe than he was at Paris. Aiding index carrying a vernier or nonius. Thefe 3 
This he accordingly executed, by obferving the height inches, between 28 and 31, fo divided, will anfwer for 
of the quickfilver in the tube, firfl at the bottom of a all the ordinary purpofes of a fiationary or chamber 
mountain in Auvergne, and then at feveral fiations, or barometer; but for experiments on altitudes and depths, 
different altitudes, in afeending, by which it was found it is proper to have the divifious carried on a little 
that the mercury fell lower and lower all the way to the higher up, and a great deal lower down. In the proper 
top of the mountain; and fo confirming the truth of the filling and otherwife fitting up of the barometer, feveral 
do&rine relating to the univerfal preffure of the atmo- circum(lances are to be carefully noted; as, that the 
fphcrc, and the confequent fufpenfion of the mercury in bore of the tube be pretty wide, to allow the freer mo- 
the tube of the barometer. Thus, by the united en- tion of the quickfilver, without being impeded by an 
deavuuis of Torricelli, Defcartes, Pafcal, Merfenne, adhefion to the Tides; that the bafon below it be alfo 
Huygens, and others, the catife of the fufpenfion of the pretty large, in order that the furface of the mercury at 
quickfilver in the tube of the barometer, became pretty F may not fenfibly rife or fall with that in the tube ; 
generally eflahlifhed. that the bottom of the tube be cut off rather obliquely. 

It was fome time however after this general confent, that when it lefts on the bottom of the bafon there may 
before it was known that the preffurc of the air was be a free paffage for the quickfilver; and that, to have 
various at different times, in the fame place. This could the quickfilver very pure, it is beft to boil it in the 
not however remain long unknown, as the frequent tube, which will expel all the air from it. Tin’s baro- 
mcafuring of the column of mercury, muft foon (hew meter is commonly fitted up in a neat mahogany cafe, 
its variations in altitude; and experience and observation together with a thermometer and hygrometer, as repre- 
would prefently (hew that thofe variations in the mer- fented in plate 4, fig. 1 3. 

curial column, were always fucceeded by certain changes As the fcale of variation is but fmall, being included 
in the weather, as to rain, wind, frofls, &c. Hence this within 3 Inches in the common barometer, feveral con- 
inftrument foon came into ufe as the means of foretelling trivances have been devifed to enlarge the fcale, or to 
the changes of the weather; and on this account it render the motion of the quickfilver more fenfible. 
obtained the name of the oueather-glafi, as it did that of Defcartes firft fuggefted a method of increafing the 
barometer from its being the meafure of the weight or fenfibility, winch was executed by Huygens. This 

E L 2 was 
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effe&ed by making tl»e barometrical tufbe end in a 
pretty large cylindrical veflH at top, into which was 
raferted alfo the lower or open end of a much finer tube 
than the former,.which was partly filled with water, to 
£ive little obllrir&ton l>y it# weight to the motion of 
the mercury, while it moved through a pretty long 
fpace of the very fine tube by a fmall variation of the mer¬ 
cury below it, and fo rendered the fmall change# in the 
ftate of the air very fenfible. But the inconvenience was 
this, that the air contained in the water gradually dif- 
tngagrd itfclf, and cfcaped through into the vacuum in 
the top of the fmall-tube, till it was colleded in a body 
there, and by its elafticity preventing the free rife of 
the fluids in the tubes, fpoifed the inurnment as a ba¬ 
rometer. And this, it may be obfer^ed hy-the-hye, is 
t he nrafon why a water barometer cannot fucceed. This 
barometer is here teprefented in fig. 2, where CD i# 
the vtffel, in which are united the upper or fmall water 
tube AC, with the lower or mercurial one C B. 

To remedy this inconvenience, Huygens thought of 
placing the mercury at top, and the water at bottom, 
which he thus contrived. ADG (fig. 3) is a bent tube 
hermetically fealed at A, hut open at G, of about one 
line in diameter, and palling through the two equal cy¬ 
lindrical vefiels BC, EF, which are about 20 inches 
apart, and of 15 lines diameter, their length being 10. 
The mercury being put into the tube, will lland between 
tire middle of the veffels EF and BC, the remaining 
fpace to A being void both of air and mercury. Daftly, 
common water, tinged with a 6th part of aqua regis, to 
prevent its freezing, is poured into the tube l r G, till it 
tifes a foot above tnc mercury in DF. To prevent the 
water from evaporating, a drop of oil of fweet almonds 
Boats on the top of it. But the column of water will 
be fenfibly affefted by heat and cold, which fpoils the 
accuracy of the inftrument. For which rcafon other 
contrivances have been made, as below. 

The Horizontal or ReRangu/ar Barometer, fig. 4, was 
invented by J. Bcrnoutli and Caflini; where AB is a 
'pretty wide cylindrical part at the top of the tube, which 
’tube is bent at right angles at C, the lower part of it 
CD being turned into the horizontal direction, and 
clofe above at A, but open at the lower end I), where 
however the mercury cannot run out, being there op¬ 
posed by the preflhre of the atinofphcrc. This and the 
foregoing contrivance of Huygens are founded on the 
theorem in hydrollatics, that fluids of the fame bafe 
prefs according to their perpendicular altitude, not ac¬ 
cording to the quantity of their matter; fo that the 
fame prefiure of the atmofpherc fuftains the quickfilver 
thiif mis the tube ACD, and the ciftern B, as would 
fupport the mercury in the tube alone. Hence, having 
fixed upon the fize of the fcale, as fuppofe the extent <if 
12 inches, in (lead of the 3, in the common barometer 
from 28 to 31, that is 4 times as long ; then the area 
of a feftion of the cylinder AB muft he 4 trines that of 
the tube, and confequently its diameter double, fince the 
areas of circles arc as trie fquarca of their diameters : 
then for every natural variation of an inch in the cylin¬ 
der AB, there will be a variation of four inches in the 
tube CD.—But on account Of the attrition of the mer¬ 
cury againft the fide a of the glais, and the great mo- 
nieutumfrom the quick motion in CD, the quickfilver 
is apt to break, and the rife and fall is no longer equa¬ 


ble; and befideN the mercury is apt to he thrown out 
of the orifice at D by fudden motions of the machine. 

The Diagonal Barometer of Sir Samuel Moreland, 
fig. j, is another method of enlarging the natural 
fcale of thre? inches perpendicular, or CD, by extend¬ 
ing it to any length BC in an oblique direction. Thia 
is liable in tome degree to the fame inconvenience, from 
fridion and breaking, as the horizontal one; and hence 
it is found t hat the diagonal part BC cannot properly 
be bent from the perpendicular more than in an angle of 
4$°, which only increafes the fcale nearly in the pro¬ 
portion of 7 to 5. 

Dcii/ir Hook's Wheel Barometer, fig. 6. This was 
invented about 1668, and is meant to render the alter¬ 
ations in the air more fenfible. Here the barometer 
tube has a large ball A B at top, and is bent up at the 
lower or open end, wherein iron ball G floats on the 
top of the mercury in the tube, to which is connected 
another ball Ii by a cord, hanging freely over a pulley, 
turning an index K L about its centre. When the mer¬ 
cury rifes in the part FG, it niifes the ball, and the 
other ball defeends and turns the pulley with the index 
round a giaduated circle from N towards M and P; and 
the contrary way when the quickfilver and the ball fink 
in the bent part of the tube. -Hence the fcale is eallly 
enlarged 10 or 12 fold, being increafed in proportion 
of the axis of the pulley to the length of the index KL« 
But then the fridion of the pulley and axis is fome ob- 
ftrudion to the free motion of the quickfilver. Con¬ 
trivances to lefien the friction &c, may alfo he fecn in 
the Philo/. Tranf. vol. 52, art. 2y, and vol. 6a, art. 10, 

The Steelyard Barometer, for fo that may he called 
which is reprefented by fig. 7, which enlarges the fcale 
in the proportion of the fhorter to the longer arm of a 
fleelyard. AB is the barometer tube, clofe at A and 
open at 11 , immerfed In a cylindrical gin is cillem CD, 
which is but vrry little wider than the tube AB is. The 
barometer tube is fufpended to the ftiorter arm of an in¬ 
dex like a fteelyard, moving on the fulcrum E, and the 
extremity of its longer arm pointing to the divifions of 
a graduated arch, with which index the tube is nearly 
in equilibrio. When the prelliire of the atmofpheiir is 
leflcncd, the mercury’ defeends out of the tube into the 
ciftern which raifes the tube and the Ihoiter arm of tire 
index, and confequently the extremity of the longer 
moves downwards, and pafles over a part of the gradu¬ 
ated arch. And on the contrary this moves upwards 
when the preflurt of the atmofpherc incvcalcs. 

The Pendant Barometer, fig. 8, was invented by M. 
A mon t ons, in 1695. It conliils of a fingle conical tube 
AB, hungup by a thread, the larger or open end down¬ 
wards, and having no vefiel or ciftern, becaufe the coni¬ 
cal figure fupplies that, and the column of mercury fuf- 
tained is always equal to that in tire common barometer 
tube; which is efleeted thus; when the preflureof the 
air is lefs, the mercury finks down to a lower and wider 
part of the tube, and confequently the altitude of its 
column will be lefs; and on the contrary, by a greater 
prrifurc of the atmofpherc the mercuryis forced up ton 
higher and narrower part, till the length of the column 
CD be equal to that in tire tube of the common ba¬ 
rometer.—The inconvenience of this barometer is, 
that as the bore muft he made very fmall, to prevent 
the mercury from falling out by an accidental fhake, tire 

fridion 
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firi&ioa amd adhefion to the fides of tie tube prevent 
the free motion of the mercury. 

Mr, Romsmng'e Compound Barometers . This gen¬ 
tleman has feveral contrivances fur enlarging .the fcale, 
and that in any proportion whatever. One of thefe is 
deferibed in the Philo/. Tranf. N* 427, and alfo in his 
Nat, Philof. part X ; and another in the fame part, 
which is here reprefented at fig. 9. ABC ia a com¬ 
pound tube, hermetically fealed at A, and open at C ; 
empty from A to D, filled with mercury from thence to 
B, and from hence to E with water. Hence by varying 
the proportions of the two tubes AFand FC, the fcale 
of variation may be changed in any degree. 

The Marine Barometer, This was firft. invented by 
Dr. Hook, to be ufed on board of (hip, being con¬ 
trived fo as not to be affected or injured by the motion 
of the flu'p. His contrivance confifled of a double 
thermometer, or a couple of tubes half filled with 
fpirit of wine ; the one fealed at both ends, with a 
quantity of air included ; the other fealed at one end 
only. The former of thefe is afl'efted only by the 
warmth of the air; but the other is affedled both by 
the external watmth and by the variable preffure of the 
atmofphere. Hence, confideringthe fpirit thermome¬ 
ter as a flandnrd, the excefs of the rife or fall of the 
other above it will fhew the incrcafe or dccrcafe of 
the prefliivc of the atmofphere. This inftrument is 
deferibed by Dr. Halley, in the Philof. Tranf. afiy, 
where he fays of it, “ 1 had one of thefe barometers 
with me in my late fouthern voyage, and it never failed 
to prognoftieate and give early notice of all the bad 
weather we had, fo that I depended thereon, and 
made provifion accordingly; and from my own ex¬ 
perience I conclude, tliat a more ufeful contrivance hath 
not for this long time been offered for the benefit of 
navigation.” 

Mr. Netirne, an ingenious artill in London, has lately 
invented a new kind of Marine BaromtUr ; which dif¬ 
fers from the common barometer by having the lower 
part of the tube, for about 2 feet long, made very 
fmall, to check the vibrations of the mercury, which 
would otherwife arife from the motions of the /hip. 
This is alfo alfifted by being hung in gimbals, by a 
part which fubje&s it to be the leall affected by fuch 
motions; 

Another fort of Marine Barometer has alfo been 
invented by M. Paflcmentc, an ingenious artill at Paris. 
This contrivance confifts only in twilling the mid¬ 
dle of the tube into a fpiral of two revolutions; by 
which contrivance the impulfes which the mercury re¬ 
ceives from the motions of the fhip are deltroycd, by 
being tranfmitted in contrary directions. 

7 he Statical Barofcope , or Barometer, -of Mr. Boyle, 
&c. This conlHls of a large glafs bobble, blown very 
thin, and then balanced by a fmall •brafs weight. 
Hence thefe two bodies being of unequal bulk, the 
larger will be very much affected by a change of the 
denfity of the medium, but the lefs not at all as to fenfe: 
So that, when the atmofphere becomes dsnfer, the ball 
lofes more of its weight, and the brafs weight prqioii- 
dcrates ; and contrariwife when the air grows lighter. 

Mr. CafwelF s Barofcope, or Barometer. This Ss de¬ 
feribed in the Philof Tranf. vol, 24, and feems to be 
themoftfenfibleandexad of any. It ta thus deferibed: 
Stipjofe ABCD, (fig. 10) is a bucket of water, in 


which is the barofcope xrexyef n», which confifts of 
a body xrfm, and a tube ezyo, which are both con¬ 
cave cylinders, made of tin, or rather glafs, and com¬ 
municating with each other. The bottom of the tube 
xy has a leaden weight to fink it, fo that the top of 
the body may juft fwim even with the fur face of the 
water by the addition of fome grain w(rights on the 
top. When the inllrument is forced with its mouth 
downwards, the water afeends into the tube to the height 
y u. To the top is added a fmall concave cylinder, or 
pipe, to keep the inllrument from finking down to the 
bottom : md is a wire: and mS, de are two threads 
oblique to the furface of the water, which perform the 
office of diagonals: for while the inllrument finks 
more or lefs by an alteration in the gravity of the air, 
where the furface of the water cuts the thread is formed 
a fmall bubble, which afeeuda up the thread while the 
mercury of the common barofcope a {tends, and vice 
verfa. 

It appears from a calculation which the author makes, 
that this inllrument {hews the alterations in the air 1200 
times more accurately than the common barometer. 
He obferves, that the bubble is fcldom known to ftand 
ftill even for a minute; that a fmall blaft of wind, 
which cannot be heard in a chamber, will fenfibly make 
it fink ; and that a cloud prying over it always makes it 
defeend. See. 

While fome have been increafin^ the fenfibility of 
the barometer by enlarging the variations, others have 
endeavoured to make it prore convenient by reducing 
the length of the tube. M. Aniontons, in 1688, firft 
propofed this alteration in the flrufture of barometers, 
I;y joining feveral tubes to one another, alternately 
filled with mercury and with air, or fome other fluid ; 
and the number of thefe tfibes may be increafed at plea- 
fure: but the contrivance is perhaps more ingenious ■ 
than ufeful. * 

M.Mairan's reduced Barometer, which is only 3 inches 
long, ferves the purpofe of a manometer, in (hewing 
the dilatations of the air in the receiver of an air- 
pump ; and inilrpments of this kind arc now com¬ 
monly applied to this ufe. 

The Portable Barometer, is fo contrived that it may 
be carried from one place to another without being 
difordtred. The end of the tube is tied up in 1 a lea¬ 
thern Lag not quite full of mercury; which being pref- 
ftd by the air, forces the mercury into the tube, and 
keeps it fufpended at its proper height. This ba{* is 
ufually incloftd in a box, through the bottom of which 
pafles a ferew, by means of which the mercury may be 
forced up to the top of the tube, and prevented from 
breaking it by dafliing again!! the top when the inflru- 
ment is removed from one ftation to another. - It feems 
Mr. Patrick firft made a contrivance of this kind: but 
the portable barometer has received various improve¬ 
ments fince ; and the moil complete of this kind has 
been deferibed by M.;De Luc,in his Recherches, vol. 2, 
pa- 5 &c,. together with the apparatus belonging to it, 
the method of conilrufliou and ufe, and the advantages 
attending it. Improvements have alfo been fuggefted 
by Sir Geoige Shuck burgh, and Col. Roy, which have 
been carried into execution, with farther improvements 
alib, by Mr. .Rvnfikn, and other ingenious artifts in 
London. 

3 Fig. 
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Fig. 11 reprefcntt this inflrument, as inclofcd in its placed oppolltely to that of Fahrenheit, with the word 
mahogany cafe by means of three metallic rings a a a. add and fubtraS marked ; which Ihews the nccefllry 
'I'hio cafe is a hollow cone,fo fltapcd within as to contain cor reft ion of the obferved altitude of the mercury at 
fteadily the budy cjf the barometer, and i» divided into any given temperature of the air, indicated by the thcr- 
three branches from b to r, forming three legs or fup • monrteter. 

ports for the inllrurnent when obfervations are making, There are feveral other pieces of meclranifm about 
and fuftaining it at the part r/of the cafe, as it appears the indrument, which will be evident by infpc&ion ; 
in l'ig, 12, by an improved kind of gimbals, in which and the manner of making the obfervations, with the 
its own weight renders it fnfficiently Heady at any neceflary calculations, are fully explained in M.de Luc’s 
time. In the part of the frame ft where the harome- Recherches furies Modifications de P /ttmofphtre, and 
rer tube appears, is made a long flit or opening, that the Phihf. Tratf vol. 67 and 68, before cited, 
the column of mercury may be feen again(l the light. The Common Chamber Weatherglafs , is alfo ufuaHy 
and the vernier piece f brought down to coincide very fitted up in a neat mahogany frame, and other cmbel- 
nieely with the edge of the mercury. When the in- lifliment«, to make it an ornamental piece of furniture, 
ftruinent is fined in its fland, the (crew / is to he turned It confills of the common tube baiometcr, with a 
to let the mercury clown to its proper ftation, and a peg thermometer by the fide of it, and an hygrometer 
at i mud be loofened, to admit the extern t! air to aft at the top, as exhibited in fig. 13. 
upon the mercury contained in the box 1 . The pro- To the foregoing may be added a new foir of Pa¬ 
per adjustment, or mode of obferving what is called the rmnrtee, or Weather Ivjtrument ly the Sound of a Wire, 
rero or o diviflon of the column of mercury, is by This'is mentioned by M. Lazowfki in liis Tour through 
obferving it in the tranfpartnt part of the box b, which Switzetland : it is as yet but in an imperfect date, and 
has a glafs tube or refetvoir for the quickfilvcr, and an was lately difeovered there bv accident. It feems that 
edged piece of metal attached to the external pait of it; a clergyman, though near-fighted, often amtifed himfclf 
with the edge of which the mercury is to he brought with firing at a mark, and contrived to ilretell a wire 
into contact by turning the ferew l to the right or left fo as to draw the mark to him to fee how he had aimed, 
as occasion requires. Tiic vernier piece at f which He obferved that the wire fometimes founded as if it 
determines the altitude of the mercurial column, is vibrated like a muiical cord ; and that after fuch foimd- 
firlt brought down by the hand to a near contact, and ings, a change always enfutd in the ftate of the atinn- 
then accurately adj tided by turning the ferew e at the fphere; from whence lie came to predict rain or fine 
top. The divifions annextd to the tube of this inftru- weather. On making farther experiments, it was 
wont may be of any fort, or of any degree of fmill- found that the founds were moll diftinft when extended 
ntfs, according to the purpofes it is intended to ferve. in the plane- of the meridian. And according to the 
To accommodate it to the ufe of foreigners as well as weather which was to follow, it was found that the 
natives, there are commonly added feales of both French founds were more or lefs foft, or more or lefs continued; 
and Englifh inches, with their fubdivifious to any extent alfo fine weather, it is faid, was announced by the tones 
required. It is nfual to place the French lcale of of countcr-tcnor, and rain by tliofe of bafs. It has 
inches‘on the light fide at f g, from 191031 inches, been faid that M. Volta mounted 15 chords in this 
meafured from the rero or furface of the mercury in way at Pavia, to bring this method to fotne preeifion, 
the box k below ; each inch being divided into lines or but no accounts have yet appeared of the fuecefs of his 
12th parts, and each line fubdivkled by the vernier into obfervations. 

toth parts, or 12cth parts of inches 5 by means of which 7 he Phenomena and Obfervations of the Barometer *. 

therefore the length of the mercurial column may be The phenomena of the barometer are various; hut 

determined to the 120th part of a French inch. The authors are not yet agreed upon the caufes of them ; 

other fcalc, which is placed on the left fide of the in- nor is the ufe of it, as a weather-glafs, yet perfectly 

ftrunient, is divided into Englifh inches, and each inch afeertained, though daily obfervations and experience 

into 20th parts, which by a vernier are fubdivided into lead us Hill nearer to preeifion. Mr. lloylc obferves 
25th parts, or 500th parts of inches; by this means that the pheenonuna of the barometer are fo precarious, 

(hewing the height of the mercury to the 500th part that it is exceedingly difficult to form any certain genc- 

of an Englifh inch. But this vernier is figured double ral rules concerning the rife and fall of the mercury, 
or each divifion is accounted 2, which reduces the mea- Even that rule fails which feems to hold the moll genc- 
fures to lOOOths of an inch for the conveniency of cal- rally, via, that the mercury is low in high winds. The 
culation, in meafuring altitudes of hills &c. beft rules however that have been deduced by feveral 

A thermometer is always attached to the inflrument, author* areas follow, 
as a neceflary appendage to it, being fattened to the Dr HalleyRule's for judging of the Weather. 

body at h, and lunk into the furface of the frame, to I. In calm weather, when tne air is inclined to ruin, 

preserve it from injury ; the degrees of this thermo- .. the mercury is commonly low. 

meter are marked on two feales, one on each fide 2. In ferene, good, and fettled weather, the mercury 

of it, viz, the fcale of Fahrenheit, and that of Reau- is generally high. 

mur; the freezing point of the former being at 32, and 3. Upon very great winds, though they be not ac- 
of the latter at o. Alfo on the right hand tide of thefe companted with rain, the mercury finks lowed of all, ac- 
two feales there is a third, called a fcale of earreflion, cording to the pointof the compafs the wind blows from. 

* An ingenious author obferves that, by means of barometers we may regain tlic knowledge that ftill refidcs, 
in brutes, and which we forfeited by not continuing in the open air, as they moftly do; and, by our in¬ 
temperance, corrupting the crafis of our organs of fenfe. 

4. The 



BAR r IV ] BAR 

4. The greatcft height* of the mercury arefound the contrary, 1? the mercunr flood at/nr, and fall* to 
' upon cafteriy or north eaftcrly winds, other drcum- changeable, it prefages foul weather; though not fi» 

ftunccs alike. much of it as if it had funk lower. 

5. In calm frofty Weather, the mercury commonly Upon thefc rules of Mr Patrick, the following Re- 

Hands high. . marks are made by Mr Rtrwning. That it is not fo 

6. Alter very great Horms of wind, when the mer* much the abfolute height of the mercury in the tube 

cury has been very low, it generally rifea again very that indicates the weather, as its motion np and down 1 
faft. wherefore, to pafs a right judgment of what weather 

7. The more northerly places have greater altera* is to be expe&ed, we ought to know whether the mer- 

tions or the barometer than the more foutherly, near cury is actually riling or falling; to which end the fol- 
the equator. lowing rules are of ule. 

8. Within the tropics, and near them, there is ti tle 1. if the furface of the mercury is convex. Handing 

or no variation of the barometer, in all weathers. For higher in the middle of the tube than at the tides, it 

inftancr, at St. Helena it is little or nothing, at Jamaica is a lign that the mercury is then riling. 

3-ioihs of an inch, and at Naples tjm variation hardly 2. But if the furface be concave, or hollow in the 

ever exceeds an inch ; whereas in E*and it amounts middle, it is then finking. And, 

to 2 indies and a half, and at Peteriburgh to 3 j nearly. 3. If it be plain, or rather a very little convex, the 

Dr Bail, who followed the opinion of M. Pafcal, mercury is Hat ionary: for mercury being put into a 
obfetves that, ceteris paribus, the mercury is higher in glafs tube, elpecially a frnall one, naturally has its fur- 
cold weather than in warm : and in the morning and race a little convex, becaufe the particles of mercury 
evening ufually higher than at mid-day.-—That in attrafl one another more forcibly than they ate attraft- 
fettled and fair weather, the mercury is higher ed by glafs. Farther, 

than either a little before or after, or in the rain; 4. If the glafs be final!, (hake the tube ; then if the 
and that it commonly defeends lower after rain than it air be grown heavier, the mercury will rife about half a 
was before it. And lie aferibes thefe effe&s to the loth of an inch higher than it flood before ; but if it 
vapours with which the air is charged in the funner be grown lighter, it will fink as much. And, it may 
cafe, and which are difperfed hy the falling rain in the added, in the wheel or circular barometer, tap the in- 
latter. If it chance to rife higher after rain, it isufu- ftrumrnt gently with the finger, and the index will vi- 
ally followed by a fettled ferenity. And that there ara fibly Hart forwards or backwards according to the 
often great changes ill the air, without any perceptible tendency to rife or fail at that time. This proceeds 
alteration in the barometer. from the mercury’s llicking to the tides of the tube, 

Mr Patrick's Ruhs for juJging of the Weather, which prevents the free motion of it till it be difen- 
Thefe are eiteemed the belt of any general rules hitherto gaged by the (hock : and therefore when an obferva- 
madc : ' tion is to be made with fuch a tube, it ought to be firll 

1. The rifing of the mercury prefages, in general, fhaken ; for fometlines the mercury will not vary of its 

fair weather 5 and its falling, foul weather, as rain, fuow, own accord, till the weather isprefent which it ought 
high winds, atrd (farms. to have indicated. 

2. In very hot weather, the falling of the mer- And to the foregoing may be added-the following 

cury indicates thunder. additional rules, more accurately drawn from later 

3. In winter, the rifing prefages frofl: and in frofty and more clofe obfervation of the motions of the ba* 
weather, if the mercury tails 3 or 4divifions, there will rometer, and the consequent changes in the air iu this 
certainly follow a thaw. But in a continued froft, if country. 

the mercury riles, it will certainly fnow. 1. in winter, fpiing, and autumn, the fudden fall- 

4. \\ hen foul' weather happens foon after the fall- ing of the mercury, and that for a large fpace, denotes 

ing of the mercury, expect but little of it; and on the high winds and (farms; but in fummer it denotes 
contrary, expert but little fair weather when it proves heavy {howers, and often thunder: and it always finks 
fair ihovtly after the mercury has rifen. lowed of all for great winds, though not accompanied 

5. In foul weather, when the mercury rifes much and with rain; though it falls more for wind and rain toge* 

high, and fo continues for 2 or 3 days before the foul ther than for cither of them alone. Alfo, if, after 
weather is quite over, then expert a continuance of rain, the wind change into any part of the north, with 
fair weather to follow. a clear and dry Iky, and the mercury rife, it is a certain. 

6. In fair weather, when the mercury falls much and fign of fair weather. 

low, and thus continues for a or 3 days before the rain 3. After very great llorms of wand, when the mer- 
enmes ; then expert a great deal of wet, and probably cury has been low, it commonly rifea again very faft. 
high winds. In fettled fair and dry weather, except the barometer 

7. The unfettled motion of the mercury, denotes fink much, expeft but little rain; for its (mall finking 

uncertain and changeable weather. .then, is only for a little wind, or a few drops of rain 

8. You are not fo ftridtly to obferve the words en- and the mercury foon rifes again to its former ftation. 
graved on the plates, as the mercury’s rifing and fall- In a wet foafon, fuppofe in hay-time and harveft, the 
nig; though iu general it will agree with them. For fmalleft finking of the mercury mull be minded; for 
if it Hands at mmh rain, and then rifes up to changeable , when the conftitution of the air is much inclined to 
it prefages fair weather; though not to continue fo (howers, a little finking in the barometer theu denotes 
king os if the mercury had rifen higher. And fo, on more rain, as it never then Hands very high. And, if 

7 in. 
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iff (nek a feafon, k rife ftiddenly, wy feft, aad high, 
cxpeft not fiur weather more than a day or two* but ra¬ 
ther that the mercury will fall again very {boa, -and 
rain immediately to follow: the flow gradual rifmg, 
and keeping on for 2 or 3 days, being ntoft to be de¬ 
pended on for a week’s fair weather. And the tmfet- 
dtid ftate of the quickfilver always denoting uncertain 
.and changeable weather, especially when the mercury 
{lands any where about the word changeable on the 
fbaie. 

3. The greateft heights of the mercury, in this coun¬ 
try, are found upon eafterly and north-cafterly winds; 
and it may often rain or fnow, the wind being in thefe 
points, and the barometer fink little or none, or it 
may even be in a riling ftate, the effeft of thofe winds 
counteracting. But the mercury /inks for wind, as 
well as rain, in all the other points of the compafs; 
but rifes as the wind /hifts about to the north or call, 
■or between thofe points: but if the barometer /hould 
fink with the wind in that quarter, expeft it foon .to 
change from thence; or elfe, /Hould the fall of the 
-mercury be much, a heavy rain is then likely to enfue, 
as it fometimes happens. 

Can/e of the Phenomena of the Barometer. 

To account for the foregoing phenomena of the 
barometer, many hypothefes have been framed, which 
may be reduced to two general heads, viz, mechanical 
and chemical. The chief writers upon thefe caufes, are 
Pafcal, Beal, Wallis, Garcin, Garden, Lifter, Hal¬ 
ley, Garden, De la Hire, Mariotte, Le Cat, Wood¬ 
ward, Leibnitz, Dc Mairan, Hamherger, D. Bernoulli, 
Mufchenbroek, Chambers, De Luc, Black, &c; and 
nil account of moft of their hypothefes may be 
feen at large in M. De Luc’s Recberches fur let Mo¬ 
difications de CAtmafplere, vol, 1. chap. 3 ; fee alfo the 
Pbiltf*. 7 *anf and various other works on this fubjeft. 
It may fuftice to notice here /lightly a few of the prin¬ 
cipal of them. 

Dr. Ufirr accounts for the changes of the baro¬ 
meter from the alterations by heat and cold in the 
mercury itfelf; corn rafting by cold, and expanding 
by heat. But this, it is now well known, is quite in- 
fufficicnt to account for the whole of the effeft. 

The changes in the weight or preffure of the at- 
mofphere mull therefore be regarded as the principal 
caufe of thofe in the barometer. But then, the diffi¬ 
culty will be to affign the caufe of that caufe, or 
whence arife thofe alterations that take place in the 
atmofphere, which are fometimes fo great as to alter 
its preffure by the 10th part of the whole quantity, 
it is proliabic that the winds, as driven about in differ¬ 
ent direftions, have a great /hare in them5 vapours 
■and exhalations, riling from the earth, may alfo have 
fomc /hare; and fotne perhaps the flux and reflux oc- 
enfioned in the air by the moon ; as well as fome 
chemical caa/es operating between the different parti¬ 
cles of matter. 

Dr. Halley thinks the winds and exhalations fuffi- 
cient; and on this principle gives a theory, the fub- 
ftan. L- of which may be comprifed in what follows: 

1 ft, That the winds mull alter the weight of the 
air ia any particular country; and this, cither by 
bringing together a greater quantity of air, aad fo load¬ 


ing the atmofpheve of any place ) which «riH be the 
cafe as often as two winds blow from oppofite puts, 
at the fame time, towards the fame point: or by fweep- 
iag away fome part of the air, and gtviug room for 
the atmofphere to expand itfelf) which will happen 
when two winds blow oppofltc ways from the fame 
point at the fame time : or laftly by cutting off the 
perpendicular preffure of the air { which is the cafe 
when a fmgle wiud blows brifldy any way *, it being 
found by experience, that a ftrong blafk of wind, even 
made by art, will render the atmoiphere lighter; and 
hence the mercury in a tube below it, as will as in 
others more diflant, will confiderably fubfide. See 
Philof. Tranf. N° 292. 

adly. That the cold nitrous particles, and even the 
air itfelf condenflB in the northern regions, and driven 
elfewhcre, muft load the atmofphere, and incrcafe its 
preffure. 

3dly, That heavy dry exhalations from the earth 
muft incrcafe the weight of the atmofphere, as well as 
its claftic force; as we find the fpeciiic gravity of 
menftruutns increafed by diffolved falts and metals. 

4thly, That the air being rendered heavier by thefe 
and the like caufcs, is thence better able to fupport 
the vapours; which being hkewife intimately mixed 
with it, make the weather ferene and fair. Again, 
the air being made lighter from the contrary caufes, 
it becomes uuable to fupport the vapours with which 
Jt is replete ; thefe therefore precipitating, are collect¬ 
ed into clouds, the particles of which in llieir progrefs 
unite into drops of rain. 

Hence he infers, it is evident that the fame caufcs 
which incrcafe the weight of the air, and render it 
more able to fupport the mercury in the barometer, 
do likewife produce a ferene Iky, and a dry feafou ; 
and that the fame caufcs which render the air lighter, 
and lefs able to fupport the mercury, do likewife ge¬ 
nerate clouds and rain. 

But thefe principles, though well adapted to many 
of the particular c.’fes of the barometer, feem how¬ 
ever to fall /hort of fome of the principal and moll 
obvious ones, befides being liable to fevctal objections. 

Leibnitz accounted for the fall of the mercury be¬ 
fore rain by another principle, viz. That as a body 
fpe fically lighter than a fluid, while it is fuftained hy 
it, adds more weight to that fluid than when, by be¬ 
ing reduced in bulk, it becomes fpccifically heavier, 
and defeends; fo the vapour, after it is reduced into 
the form of clouds, and defeends, adds lefs weight to 
the air than it did before) and hence the mercury 
finks in the tubc.-rBut here, granting that the drops 
of rain formed from the vapours always increafing in 
fize as they fall lower, were continually accelerated 
alfo in their motion, and fo the air foffer a continued 
lofs of their weight as they defeend; it may however 
be objected, that by the defeent of the mercury the 
rain is foretold a much longer time before it comes, 
than the vapour can be fuppofrd to take up in falling: 
that many times, and in different places, there falls a 
great deal of rain, without any fluking of the mer¬ 
cury at ail) as alfo that there often happens a fall of 
the mercury without any rain enfuing: aad that fome- 
times the mercury will fuddeoly A ok, in » /hort fpace 
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of time, 1r*lf wa inch or, mere, which tnlwef* to 7 
inches of rain, or shout one third of the whole quin* 
tity falling in the whole year. 

Mr. De Lot fuppofes that the changes obferved'in 
the preflirrc of the atmofplierc, are chiefly produced 
by the greater or lefs quantity of vapour* floating in 
it: as other* have attributed them to the fame caufe, 
but have given a different explanation of it-. His opi¬ 
nion is, that vapours diminifti the fpecific gravity, and 
eronfequcntly the ablblutc weight, of thofe columns of 
the atmofphere into which they are received, and 
which, notwithftanding this admixture, ftill remain of 
the fame height with adjoining columns that confift of 
pore or dry air. He afterwards vindicates and more 
fully explains this theory, and applies it to the folution of 
the principal phenomena of the barometer, as depending 
on the varying denfity and weight of the atmofphere. 

Dr. Jaws Hut.'on, in his Theory of Rain, printed 
in the Tranfadtions of the Royal Society of Edinburgh, 
vol. 1, gives ingenious ami plaufiltlc reafons for think¬ 
ing that the ltffcning the weight of the atmofphere 
by the fall of rain, is not the caufe of the fall of the 
barometer; hut that the principal, if not the only 
caufe, arifes from thr commotions in the atmofphere, 
which are chiefly produced by fudden changes of heat 
and cold in the air. “ The barometer, fays he, is an 
inilrument ncceflarily connedtcd with motions in the 
atmofphere ; but it is not equally affected with every 
motion in that fluid body. The barometer is chiefly 
affefted by thofe motions by which there are produced 
accumulations and abilraftions of this fluid, in places 
or regions of fufficient extent to affedt the preffure of 
the atmofplierc upon the furfacc of the earth. But as 
every commotion iu the atmofphere may, under pro¬ 
per conditions, be a caufe for rain, and as the want of 
commotion in the atmofphere is naturally a caufe of 
fair weather, this inilrument may be made of great im¬ 
portance for t lie purpofe of meteorological obfewations, 
although not in the certain and more limplc manner 
in which it has been, with the incrcafe of fdcnce, fo 
fucccfsfully applied to the meafuring of heights.” 
See Rain. 

In the Encyclopedia Britannica there is another 
theory of the changes in the barometer, as depending 
on the heat in the atmofphere, not as producing com¬ 
motions there, but as altering the fpecific gravity of 
the air by the changes of heat and cold. Tlie princi¬ 
ples of this theory are, til, That vapour is formed by 
an intimate union between the elements of fire and 
water, by which the fire or heat is fo totally enveloped, 
and its adlion fo perfectly fufpended by the aqueous 
particles, that it not only lofee its properties of burn¬ 
ing and of giving light, but becomes incapable of 
sifledting the molt fcnfiblc thermometer, in which cafe 
it is faid to he in a latent ftate: and 2d, That if the 
atmofphere lie afledled by any unufual degree of heat, 
it thence becomes incapable of fupporting fo long a 
column of mercuty as before; for which reafon it is 
that the barometer finks. 

From thefe axioms it would follow, that a* vapour 
is formed by an union of fire witli water, whether by 
attraction or a folution of the water in the fire, the 
vapour cannot be condenfed till this union, attrattiuu, 
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or folution, it at an end. Hence the beginning of the 
condenfation of the vapour, or the firlf figtu of ap¬ 
proaching rain, tnuft he the reparation of the fine 
which 1 * latent in the vapour. In die beginning, toil 
maybe either flow and.partial; or it may be Tudden 
and violent: in the firft cafe, the rain will come" on 
(lowly, and after a confiderable time ; but in the other, 
it will come very quickly, and in a great quantity. 
But Dr. Black has proved, that when fire quits, its la¬ 
tent Ante, however long it may have lain dormant and 
iiifenfihle, it always reaflumes its proper qualities, and 
a fleets the thermometer juft the fame as if it had never 
been abforbed. The conlequence of this is, that in 
proportion as the latent heat is difchaiged from the va¬ 
pour, thofe p3rts of the atmofphere into which it i* 
difeharged mnft be fenfibly affedted by it; and in pro¬ 
portion to the heat communicated to thofe parts, they 
will become fpecifically lighter, and the mercury will 
fink of courfe. 

In the Memoirs of the Literary Society iff Manchcflcr, 
voL 4, is alfo a curious paper oa this fubjeft, m. Me¬ 
teorological Ob ft rotations made on different Parts of the 
Wfern Coafi of Great Britain: arranged by 7 ". Garnett, 
M. D. This paper is compofed of materials furailh- 
ed by feveral obiervers; thofe of Mr. Copland, fur- 
geon at Dumfries, are of fpecial importance. This 
gentleman is of opinion that the changes of the baro¬ 
meter indicate approaching hot and cold weather, with 
much rnpre certainty than dry and wet. “ Every re. 
markable elevation of the*baromcter, fays he, where 
it is of any duration, is followed by very warm or dry 
weather, and moderate as to wind, or by all of them ; 
but heat feems to have moft influence and connexion ; 
and when it is deficient, the continuance of the other 
two will be longer and more remarkable; therefore 
the calculation muft be in a compound ratio o£ the ex¬ 
cels and deficiency of the heat, and of the drynefs of 
the weather in companion of tin medium of the fca 
fon 5 and with regard to the want of ftrong wind, k 
appears to be intimately connefted with the laft, as 
they (hew that no precipitation is going on in any of 
the neighbouring regions.” 

In his 14th and 15th remarks, he had faid, 

* 14th, That the barometer being lower, and conti¬ 
nuing fo longer than what can be accounted for by 
immediate falls, or ftorrny weather, indicates th-: ap¬ 
proach of very cold weather for tlic fcafon; and alfo, 
cold weather, though dry, is always accompanied by 
a low barometer, till near its termination.* 

* 1 5th, That warm weal Iter is always preceded and 
moftly accompanied by a high barometer; and the 
riling of the barometer in the time of broken of cold 
weather, is a fign of the approach of warmer weather: 
and alfo if the wind is in any of the cold points, a 
fudden rife of the barometer indicates the .approach of 
a foutherly wind, which in winter generally brings rain 
with it.* 

In the two following remarks, Mr. Copland had ex¬ 
plained certain phenomena from a principle fimilar to 
that on which l>r. Darwin has fo much infilled .* (Bo¬ 
tanic G.trileu, 1. notes p. 79, &c. ) 

* That the falling of the barometer may proceed 
from a dccompofilion of the atmolphere occurring a- 
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round or near that part of the globe where we are 
placed, which will occafion the eledrieity of the at- 
mofphere to be repelled upwards in line lambent por¬ 
tions; or driven downwards or upwards in more 
compaded balls of fire;.or lalily, to be carried along 
with the rain, &o, in an imperceptible manner to the 
Airfare of the earth; the precipitation of the watery 
parts generally very foon takes place, which diini nifties 
the real gravity of the annojplu re, and ;;lfo by the 
ilecouipolition of ionic of the nunc aefive parts, the 
air lofes part .of tliat elaliic and l epiiliivc power which 
it fo eminently poilefied, and will theicfore prefs with 
lels force on the mercury of the barometer than be¬ 
fore, by which means a fall crifues. 

* That the cauie of the currents of air, or winds, 
may alfo be this way accounted for: and in very fevere 
dorms, where great decompolitmus of die atmofphere 
take place, this is particularly evident, fuch as gene¬ 
rally occur in one or more of the Weil India iilauds at 
one time, a great lofs of real gravity, together with 
a confiderablc diminution of the fpring of the air im¬ 
mediately enfues; hence a current commences, fir ft in 
that direction whence the air has mod gravity, or is 
moil dtfpofed to undergo fuch a change; but it being 
foon relieved of its fupertor weight or fpring tin that 
fide, by the decomposition going on as fall as the wind 
arrives on the ifland, it immediately veers to another 
point, which then rufhes in rnoltly with an incrcafc of 
foice; thus it goes on till it lias blown more ^ian half 
way round the points of the cotnpnfs during the conti¬ 
nuation of the hurricane. For in this manner the Weft 
India phenomena, as well as the alteration of the 
wind during heavy rains in this count) y, can only be 
properly accounted for.* See remark No. 4. 

Mr. C.'s 4th aphoriftn is, * That the heavieft rains, 
when of long continuance, generally beign with the 
wind blowing eafterly, when it gradually veers round to 
the fouth ; and that the rain does not then begin to 
ceafetil! the wind has got to the weft, or rather a little 
to the northward of it, when, it may he added, it com¬ 
monly blows with fome violence.’ 

Many other obfervations on the barometer, the wea¬ 
ther, &c. may be feen in various parts of the Philof. 
Tranf. And for other curious papers on the fame, 
and other fubjeds conneded with the barometer, fee 
the Gentleman’s Magazine for 1789, p. 317; alfo 
Greu's Journal of Nat. Philof. printed at Leipzig 
1792, for the influence of the fun and moon upon the 
barometer. 

The Barometer applied to the mtaftiring of Altitudes. 

The fecondary chamder of the barometer, namely 
as an instrument for meafuring acceflible heights or 
depths, was firlt propofed by Pafcal, and Defcartes, as 
has been lie fore obfervrd; and fuccecding pliilofophers 
have been at great pains to afeertain the proportion 
between the fall of the barometer and the height so 
which it is carried; as Halley, Mariotte, Maraldi, 
Scheuclizcr, J. Caflini, D. Bernoulli, llorrebow, Bou- 
gtu-r, Shuck burgh, Roy, and more efpecially by De 
Luc, who has given a critical and hiftorical detail of 
mofl of the attempts that have at different times been 
made for applying the motion of the mercury in the 
barometer to the mcafurement of acceflible heights. 
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And for this purpofe ferns the portable barometer, 
before deferibed, (fig. 11 and 12, plate 4,) which 
ftiould be made with all the accuracy poflible. Various 
rules have been given by the writers on tills fubjed, 
for computing the height afeended from the given fall 
of the mercury in the tube of the barometer, the mofl 
accurate of which was that of Dr. Halley, till it was 
rendered much more accurate by the indefatigable re* 
fearches of De Luc, by introducing into it the cor- 
rc.it ions of the columns of mercury and air, on account 
of heat. And other corrections and modifications of 
the fame may be feen inlcrtcd under the article At 1 - 
MosrHLRK, where the molt correct rule is deduced 
Hum one fingle experiment only. This rule is at 
follows: 

The Rule fur Computing Altitudes , is this, 

. M 

Viz, 10000 X log. of — is the altitude in fathoms, 

ftt 

in the mean temperature of 31°; and for every degree 
of the thermometer above that, the rcfult mull be in¬ 
creased by fo many times its 435th part, and diminifli- 
td when below it: in which theorem M denotes the 
length of the column of mercury in the barometer 
tube at the bottom, and m that at the top of the bill, 
or other eminence; which lengths may be expicff.d iu 
any one and the fame fort of mcafures, whether feet, 
or inches, 01 tenths, &c, and either Englifh, or 
French, or of any other nation ; but the rcfult is al¬ 
ways in fathoms, of 6 Englifh feet each. 

And the Precepts , in words, for the prndice of 
meafurements by the barometer, arc thefe following ; 

ift, Obfervc the height of the barometer at "the 
bottom of any height or depth, propofed to be mea- 
fured ; together with the temperature of the mercury 
by means of the thermometer attached to the baro¬ 
meter, and alfo the temperature of the air in the fhnde 
by another thermometer which is detached from the 
barometer. 

2dly, Let the fame thing be done alfo at the top 
°f the faid height or depth, and as near to the fame 
time with the former as may be. And let thofe alti¬ 
tudes of mercury be reduced to the fame temperature, 
if it be thought neccflary, by correcting either the 
one or the other, viz, augmenting the height of the 
mercury in the coldrr temperature, or diminifliing that 
in the warmer, by its 9600th part for every degree of 
difference between the two; and the altitudes of mer¬ 
cury fo corroded, arc what arc denoted by M and m, 
in the algebraic formula above. 

3dly, Take out the common logarithms of the two 
heights of mercury, fo cor reded, and fnbtraft the lefs 
from the greater, cutting off from the right hand fide 
of the remainder three places for decimals; fo {hall thole 
on the left be fathoms in whofc numbers, the tables of 
logarithms being underftood to be fuch as have 7 places 
of decimals. 

4thly, Corred the number laft found, for the differ¬ 
ence of the temperature of the air, ns follows: viz. 
Take half the fum of the two temperatures of the air, 
ftewn by the detached thermometers, for the mean one; 
and for every degree which tin's differs from the ftandard 
temperature of 31°, take fo many times the 435th part 
of the fathoms above found, aud add them if the mean 

temperature 
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temperature be more than jt°, but fubtra£l them if it 
be below 31°.; fo (hall the ium or difference be the true 
altitude in fathoms, or being multiplied by fi , it will 
give the true altitude in Englifh feet. 

Example 1. Let the ftate of the barometers and ther¬ 
mometers be as follows, to find the altitude: viz. 


Thermometers. 

Barometers. 

detached. 

attached. 


57 

57 

29*68 lower 

4 * 

mean 49 1 

43 

dif. 14 

25-28 upper 

As 9600 : 

H 

: 29-68 : -04 

cor. -04 logs 

mean 49 £ 

M 

= 29-64 - 4718782 

(land. 31 

m 

= 25-28 - 4027771 

dif. iK± 

As435 : i8£ :: 691-01 1 
'9-388 


29-388 


the altitude f 720-399 fatlu 
fought is [or 4522*394 feet. 


Example 2. To find the altitude of a hill, when the 
ft-te of the barometer and thermometer, as obferved at 
the bottom and top of it, is as follows; viz, 


Thermometers, 
tat lied. I attached. 


35 

31 

mea n 3; 
As 9600 

mean 33 
ilaml.3 t 

dif. 2 


Barometers. 

2 9 ' 4 ? 

2CS2 


: : 29-45 : -oi 

-01 logs. 

M = 29-44 - 4GS9378 
m = 26-82 - 42845S8 

As 435: 2 :: 404-790:1-86 
i-8n 

the altitude/ 406-65 fathoms, 
fought is [or 2439 90 feet. 


See this rule invefligated under the article Pneuma¬ 
tics, at the end. 

N. B. The mean height of the barometer in London, 
upon an average of two obfervations in every day of the 
year, ktpt at the houfe of the Royal Society, for many 
years pail, is 29-88; the medium temperature, or height 
®f the thermometer, according to the fame, being 58°. 
But the medium height at the furface of the fea, accord¬ 
ing to Sir Geo. Shuckburgh (Philof. Tranf. 1777* p. 
586) is 30-04 inches, the heat of the barometer being 
55 0 , and of the air 62°. 

BAROSCOPE, a machine for (hewing the altera¬ 
tions in the weight or prcfl'urc of the atmofphcrc. See 
Barometer. 

BARREL, an Englilh veffel or calk, containing 36 
gallons of beer mcafure, or 3 2 gallons of ale mealure. 
The barrel of beer, vinegar, or of liquor pieparing for 
vinegar, ought to contain 34 gallons, according to the 
flandard of the ale quart. 


Barrel, in Clock-work, is the cylinder about which 

the fpring is wrapped. 

BARRICADE, or Barricado, a military term 
for a fence, or retrenchment, haflily made with vcflels, 
or balkets of earth, carts, trees, flakes, or the like, to 
preferve an army from the (hot or affaultof an enemy, 

BARRIER, a kind of fence made at a pafiagr, re¬ 
trenchment, gate, or fuch like, to (lop it up againil an 
enemy. 

BARROW (Isaac), a very eminent mathema¬ 
tician and divine of the 17th century, was born at Lon¬ 
don in October, 1630, being the fon of Thomas Burrow, 
then a linen-draper of that city, but defeended from an 
ancient family in Suffolk. He was at firfl placed at the 
Charter-houfe fciiool for two or three years; where his 
behaviour afforded but little hopes of fuccefs in the pro- 
fefiiou of a fcludar, being fond of fighting, and pro¬ 
moting it among his fchool-fellows : but being removed 
to Felftcd in Eflex, his difpolition took a different turn; 
and having foon made a great progrefs in learning, be 
was firfl admitted a petitioner of Peter Houfe in Cam¬ 
bridge ; but when he came to join the univerfity, in 
Feb. 1645, he was entered at Trinity college. He now 
applied himfelf with great diligence to the ftudy of all 
pints of literature, cfpccially natural philofophy. He 
aftetward turned his attention to the profclfionof phy- 
fic, and made a confiderable progrefs in anatomy, bo¬ 
tany, and chemitlry: he next uudied divinity; then 
chronology, aftronomy, geometry, and the other branch¬ 
es of the mathematics 5 with what fuccefs, his writings 
afterwards moft eminently (hewed. 

When Dr. Duport refigned the chair of Greek pro- 
fcflor, he recommended his pupil Mr. Barrow for his 
fucccffor, whp, it) his probation cxercife, (hewed him¬ 
felf equal to the character that had been given him by 
this gentleman 5 but being fufpedted of favouring Ar- 
miniaiiifm, he was not preferred. Thisdifappointment 
it feems determined him to quit the college, and viiit 
foreign countries; but his finances were fo low, that lie 
was obliged to difpofe of his books, to enable him to 
execute that defign. 

He left England m June 1655, and vifited France, 
Italy, Turkey, &c. At feverai places, in the courfe 
of this tour, he met with kindnefs and liberal affiflance 
from the Englilh ambafladors, &c, which enabled him to 
benefit the more from it, by protra&ing his flay, and 
prolonging his journey. He fpent more than a year in 
Turkey, and returned to England by way of Venice, 
Germany, and Holland, in 1639. At Conftantinople 
lie read over the works of St. Chryfoftom, once biflicp 
of that fee, whom he preferred to all the other fathers. 

On his return home Barrow was epifcopnll) oidaincd 
by bifltop Brown rig; and in 1660, he was cliofen to the 
Greek profcfforfhip at Cambridge. I11 Tuly 1662, he 


but fupplied like wife the abfence of Dr. Pope the allro- 
nomy profeflor. Among his lectures, fonse were upon 
the projection of the fplierc and perfpiclhe, which are 
loft; but his Latin oration, previous to his le&ures, is 
(till extant. About this time Mr. Banow was offered 
a good living ; but the condition annexed, of teaching 
the patron’s fon, made him refufc it, :.s thinking it too 
Cct like 
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like a fimonial eontrart. Upon the 20th of May 
1663 he was elefted a fellow of the Royal Society, in 
the Bril choice made by the council after their charter. 
The fame year the rxccutais of Mr. Lucas having, ac¬ 
cording to his appointment, founded a mathematical 
lefture at Cambridge, they A lerted Mr Harrow for the 
lirft profefidr; and though his two profeflbrftiips were 
not incompatible with each other, he chofc to reiign 
that of Greftiam-college, which he did May the 20th, 
1664. In 1669 he refigned the mathematical chair to 
his learned friend Mr. Ila.ic Newton, being now deter¬ 
mined to quit the lludy of mathematics for that of di¬ 
vinity. On quitting his profefforlhip, he had only his 
fellowlhip of Trinity college, till his uncle gave him a 
fmall finecure in Wales, and Dr. Seth Ward bilhop of 
Saltfbui y conferred upon him a prebend in his church. 
In the year 1670 he was created dortor in divinity by 
mandate; and, upon the promotion of Dr. Pearfon 
mailer of Trinity college to the fee of Cheiler, he was 
appointed to fucceed him by the king’s patent bearing 
date the 13th of February 1672: upon which occafron 
the king was pleafed to fay, “he had given it to the 
bril fcholar in England.” In this, his majelly did not 
fpeak from report, but from his own know ledge; the 
dortor being then his chaplain, he ufed often to converfe 
with him, and, in his humourous way, to call hitn an 
u unfair preacher," becaufc he exh?u(ted every fubjert, 
and left no room for others to come after him. In 
1675 he was cliofen vice-chancellor of the univerfity; 
and he omitted no endeavours for the good of that fo- 
ciety, nor in the line of his profeffion as a divine, for the 
promotion of piety and virtue; but his ufcful labours 
were abruptly terminated by a fever on the 4th of May 
1677, in the 47th year of his age. li<* was interred in 
Weflminller abbey, where a monument, adorned with 
his buds was foon after creeled, by the contribution of 
his friends. 

Dr. Barrow's works are very numerous, and indeed 
various, mathematical, theological, poetical, See, and 
fuch as do honour to the Englifh nation. They are 
principally as follow: 

1. Euclidis Elements. Cantab. 1655, in 8vo. 

2. Euclidis Data. Cantab. 165 7, in 8vo. 

3. Leftiones Opticas xviii, > Loud. 1669, 4to. 

4. Lertiones Geometric* xiii, Lond. 1670, 4to. 

5. Archimedis Opera, Apollonii Conicorum libri iv, 
Theodofii Sphericorum lib. iii; nova methodo illuftrata, 
et Asecinfte demonftrata. Lond. 167J, in 4to. 

The following were publilhed after his deceafe, viz : 

6. Lertio, in qua theoremata Archimedis de fphuera 
et cytindro per mctliodum indivifibilium invert i gat a, ac 
breviter inveftigata, exhibentur. Lond. 1678, tamo. 

7. Mathematic* Lertiones habit* in fcholis publicis 
acadetni* Cantabrigienfis, an. 1664, 5, 6, &c. Lond. 
1683. 

8. All In’s Englifh works in 3 volumes, Lond. 1683, 
folio'.—Thefe are all theological, and were publilhed by 
Dr. John Tiliotfon. 

9. lfaaci Barrow Opo Ceuta, viz, Detcrminationts, 
Concioncs ad Clcrum, Orationcs, Pocmata, &c. volu- 
mcti quartutn. Lond. 1687, folio. 

Dr. Barrow left alfo fevend curious papers on mathe- 
ttstical fubjertr, written w his own hand, which wetc 
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communicated by Mr. Jones to the author of ** The 
Lives of the Grefhain Profeflbrs,” a particular account 
of which may be fecn in that book, tn the Life of 

Barrow. „ ... 

Several of his works have been traufl.ited into linglifit, 
and publilhed; as the Elements ami Data of Euclid; 
the Geometrical Lertures, the Mathematical Lerturcs. 
And accounts of fome of them were alfo given in fcveral 
volumes of the Fhilof. Tran f. 

Dr. Barrow muft ever be eftccmed, in all the Aihjerts 
which exercifed his pen, a perfon of the cleared per¬ 
ception, the finell fancy, the founded judgment, the 
profounded thought, and the clofcll and molt nervous 
reafoning. “ The name of Dr. Barrow (fays the lent ned 
Mr. Granger) will ever be ilhiitrious for a flrength of 
mind and a compafs of knowledge that did honour to 
his countiy. He was unrivalled in inathematic.il learn¬ 
ing, and cfpccially in the fublime geometry; in which 
he has been excelled only by his fucceflbr Newton. The 
fame genius that feemed to be bom only to bring hid¬ 
den truths to light, and to rife to the heights or defeend 
to the depths of fcience, would fometimes amufe itfclf 
in the flowery paths of poetry, and he compofed verfes 
both in Greek and Latin. He at length gave himfelf 
up entirely to divinity; and particmatly to the mod 
uieful part of it, that which has a tendency to make 
men wifet and better." 

Several good anecdotes are told of Barrow, as well 
of his great integrity, as of his wit, and bold intrepid 
fpirit and ftrength of body. His early attachment to 
fighting when a boy is fome indication of the latter; 
to which may be added the two following anecdotes ; 
In his voyage between Leghorn and Smyrna the (hip 
was attacked by an Algerine pirate, which after a flout 
refidance they compe.lcd to fhecr off, Barrow keeping 
his pod at the gun afligned him to the lad. And when 
Dr. Pope in their eonverfation afked him, “ Why lie 
did not go down into the hold, and leave the defence of 
the (hip to thofc, to whom it did belong ? He replied. 
It concerned no tna:i more than myfclf: I would rather 
have lofl my life, than to have fallen into the hands of 
thofe mercilcfs infidels.” 

There is another anecdote told of him, which (hewed 
not only his intrepidity, but an uncommon goodnefs of 
difpofition, in circumilances where an ordinary (hare of 
it would have been probably extinguilhed. Being once 
on a vift at a gentleman’s houfc in the country, where 
the ncceflary was at the end of-a long garden, and con- 
fcquently at a great didance from the room where he 
lodged ; as he was going to it before day, for be was a 
very caily rifer, a fierce madiif, that ufed to be chained 
up all day, and let loofe at night for the fecurity of the 
houfr, perceiving a ftrange perfon in the garden at that 
unufual time, fet upon him with great fury. The doc¬ 
tor caught him by the throat, grappled with him, and, 
throwing him down, lay upon him: once he had a 
mind to Kill him ; but he altered his refolution, on re- 
collerting that this would be unjuft, fince the dog did 
only his duty, and he himfelf was in fault for rambling 
out of his 100m before it was light. At length he called 
out fo loud, that he was heard by fome of the family, 
who came prefeotly out, and freed the dortor and tire 
dog from the danger they both had bees in. 

Among 
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•Among other in fiances of his wit anfl vivacity, they 
relate the following rencontre between him and that 
wicked wit lord Rochefter. Thefe two meeting one day 
at the court, while .the do&or was king’s chaplain in or¬ 
dinary, Rochefter, thinking to banter him, with a flip¬ 
pant air, and a low formal bmv,accofted him with, “Doc¬ 
tor, I am yours to my (hoe-tie: ” Barrow perceiv¬ 
ing his drift, and determined upon defending himfclf, 
returned the falute, with, “ My lord, I am yours to the 
ground.” Rochefter, on this, improving his blow, 
quickly returned it, with, “ Doftor, I am yours to the 
centrewhich was as fmartly followed up by Barrow, 
with, “ My lord, I am yours to the antipoles.” Upon 
which, Rochefter, difdaining to be foiled by a mufty old 
piece of divinity, as he ufed to call him, exclaimed, 

Doflor, I am yours to the loweft pit of hellupon' 
which Barrow, turning upon his heel, with a farcaftic 
(mile,archly replied, “There, my lord, I leave you.” 

BARS, in Muf;c, are the (paces quite through any 
co.npofltiou, feparated by upright lines drawn acrofs the 
five horizontal lines, each of which either contains the 
fame number of notes of the fame kind, orfo many other 
notes as will make up a like interval of time ; for all 
ti e hais, in any piece, mull be of the fame length, and 
played in the fame time. 

BARTER, or Truck, is the exchanging of one 
commodity for another; and forms a rule in the com-- 
mcrcial part of arithmetic, by which the commodities 
are properly calculated and equalled, by computing firil 
the value of the commodity which is given, and theivthe 
quantity of the other which will amount to thefame fom. 

BASE, Basis, in Architecture, denotes the lower 
part of a column or pedeftaL 

Bass, in Geometry, the loweft fide of any figure. 
Any lide of a figure may be confidered as its bafe, ac¬ 
cording to the pofition in which it may be conceived as 
Handing ; but commonly it is underftood of the loweft 
fide : as the bale of a triangle, of a cone, cylinder, Sec. 

Base Link, in Perfpeftive, denotes the common lec¬ 
tion of the picture and the geometrical plane. 

Base Ring, of a Cannon, is the great ring next be¬ 
hind the vent or touch-hole. 

Base, alternate. See Alternate. 

BASEMENT, in Architoflure, a continued bafe, 
extended a conlidcrable length, as about a houfe, a 
room, or other piece of building. 

BASILIC, in the ancient Architecture, was a large 
hall, or court judicature, whete tlie magistrates iat 
to adminiftcr juflice. 

BASILICA, or Basilicus, tlie fame as Regular, 
or Cor Leonis, being a fixed ftar of the firft magnitude 
in the conftellation Leo, 

BASILISK, in the older Artillery, was a large 
piece of ordnance fo called from its refeinblance to the 
fuppofed ferpent of that name. It threw an iron ball 
of zoo pounds weight; and was in great repute in the 
time of Solyman emperor of the Turks, in the wars of 
Hungary; but it is now grown out of ufe in moll purt3 
of Europe. Pauhis Jovius relates the terrible (laughter 
made in a Spanifo (hip by a finglc 1»!1 from one of thefe 
bafiliflcs; after palling through the beams and planks in 
the flop’s head, il killed upwards of 30 men. And 
JMaffcus fpeaks of bafiliflcs made of bmfs, each of which 
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required 100 yoke of oxen to drawtftem.-—More mo¬ 
dern writers alfo give the name bafiliflc to a much fmallcr 
and fizcable piece of ordnance, made of 15 feet long By 
the Dutch, but of only 10 by the French, and carrying 
a ball of 48 pounds. The largeft free of camion now 
ufed by the Englifli, are the 32 pounders. 

BASIS, in Geometry, the fame as Base. 

BASS, the loweft in the four parts of mufic; by 
fome efteemed the baiis and principal part of all, and by 
others as fearedy ncceflary in fome tunes. 

BASSAN TIN (James), a Scotch allronomer of the 
16th century, born in the reign of James the 4th of 
Scotland. He was a fon of the Laird of Balfantin in 
the Merfe. After fin idling hi 3 education at the univer- 
fity of Glafgow, he travelled through Germany anti 
Italy, and then fettled in the univetlrty of Paris, where 
he taught mathematics with great applaufe. Having 
acquired fomeproperty in this employment, he returned 
to Scotland in 1562, where he died 6 years after. 

From his writings it appears lie was no inconfiderable 
allronomer, for the age he lived in; but, according to 
the falhion of the times, he was not a little addicted to 
judicial ailrology. It was doubtkfs to our author that 
Sir James Melvil alludes in his Memoirs, when he (ays 
that hiB brother Sir Robert, when he was ufing his cn • 
deavours to reconcile the two qtuens Elizabeth anil 
Mary, met with one Baffantin a man learned in the high 
fciences, who told him, “that all his travel would be iu 
vain ; for, faid he, they will never meet together; and 
next, there will never be any thing but diiiembling anil 
fecret hatred for a while, and at length captivity and 
utter wreck to our queen from England.” He added,. 
“that the kingdom of England at length (hall (all, of 
right, fo the crown of Scotland : but it (hall eoft many 
bloody battles; and the Spaniards (hall be helpers, ami 
take a part to themfclves for their labour.” A pre¬ 
diction in which Baflantin partly guelfcd riglu, which 
it is likely he was enabled to do from a judicious con- 
fiderarion of probable eircutnilances and appearances. 

Baffantin's woi Its are, 

i. Adrouomia ‘Jacobi Rajfinibii Scoti, opus abftjuliijt- 
mutr , ide ; ter. edit. I.otiue tt Unlike. Gencv. 1 jyy, 
fol. This is the title given it by Tonurfws, who trnDi¬ 
lated it into Latin from the French, iu which language 
it was fit ft publiihed. 

Z. Paraphrase <le PAjlroinbr, arre une ampii/ie.t/ion 
de ft] age dc /’ sljlrolale. Lyons 1555. Pans 1617, 

8 vo. 

3. Mathematics Genet hfiaca . 

4. Arithmrtiea. 

5. Mufica JheunJum PLtonern. 

b. Dc Mathefi in Grnerr. 

BASSOON, a mulical iuilrument of the wmd kind* 
ferving for a bafs to the haot-boy. It is blown with 4 
reed, and furttiihed with eleven holes. 

BASS-VIOL, a bafs to the viol. 

BASTION, in the modern fortification, a large 
mafs of earth at the angles of a. work, connecting the 
curtains to each other; and anfwers to the bulwark of 
the ancients. It is formed by two faces, two Hanks, 
and two demigorges. The two faces form the faliant 
angle, or angle of the ballion ; the two Hanks form with 
the faces, the epauhs or Ihoulders; uud the union of 
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the other two ends of the flanks with the curtains 
forms the two angles of the flanks. 


Solid Bastion, are thofe that are entirely filled up 
with earth to the height of the rampart, without any 
void fpace towards the centre. 

I'n'ul or Hollow Bastion, has the nrmpart and pa¬ 
rapet ranging only round the flanks and fpaces, fo that 
a void fpace is left within towards the centre, where 
the ground is fo low that if the rampart he taken, no 
retrenchment can be made in the centre, hut what will 
lie under tlie fire of the befieged. 

Regular Bastion, is that which has its due propor¬ 
tion of faces, flanks, and gorges. 

Deformed or Irregular Bastion, is when the irregu¬ 
larity of the lines and angles throws the bullion out of 
fnape: as when it wants one of the dem [gorges, one 
lido of the interior polygon being too Ihorc, &c. 

Demi Bastion, or Halj bajlion, alfo otlierwife cal¬ 
led an Rpaulmeni , has but one face and flank. 

Double Bastion, is when one baltion is raifed with¬ 
in, and upon the plane of another bullion. 

Flat Bastion, is one built in the middle of the cur¬ 
tain, when it is too long to be defended by the ufual 
bullions at the extremities. 

Comp fed Bastion, is when the two fides of the 
interior polygon are very unequal, which makes the 
gorges alfo unequal. 

Cut Bastion, is that which has a re-entering angle 
at the point, and is fometimes called a Bastion with a 
Tcnaille, whofe point is cut off, making an angle inwards, 
and two points outwards. This is tiled when the la- 
liani angle would be too (harp, or when water or fume 
other impediment prevents it from being carried out 
to its full extent. 

BASTON, or Batoon, in Archite&urc, a mould¬ 
ing in the bafe of a column, called alfo a 'Tore or ’Torus. 

BATTEN, a name given by workmen to a feautling 
or piece of wooden fluff, about an inch thick, and from 
2 to 4 inches broad ; of a conlidcrabie but indetermi¬ 
nate length. 

BATTERING, the attacking a place, work, or 
the like, with heavy artillery. 

Battering-Ram, a miiitary.engine ufed for beating 
down walls,"before the Invention of gunpowder and the 
modern artillery. It was no other than a long heavy 
beam of timber, armed with an iron head, fomething 
like tlie head of a ram. This being pufhed violently 
with conflant fucceffive blows again ft a wall, gradually 
(hakes it with a vibratory motion, till the fioncs arc 


disjointed and the wall falls down. There were federal 
kinds of the battering-ram, the firft rude and plain, 
which the foldicrs earned in their arms by main force, 
and fo ftruckthe head of it againil the wall. The fe¬ 
cund was flung by a rope about the middle to another 
beam lying acrofs upon a couple of polls ) which was 
the kind defcribcd by Jofephus as ufed at the fiege of 
Jerufalem. A third fort was covered over with a (hell 
or fereen of boards, to defend the men from the (lones 
and darts of the befieged upon the walls, and thence 
called tejludo arietaria . And Felibien describes a 
fourth foi t of battering-ram, which ran upon wheels ; 
and was the moil perfeft and effe&ual of any. 

Vitruvius affirms, that the battering-ram was firft in» 
vented by the Carthaginians, while they laid fiege to 
Cadi/.: yet Pliny allures us, that the ram was invented 
or ufed at the fiege of Troy; and that it was this that 
gave occafion to the fable of the wooden horfe. In 
fadt there can be no doubt but that the ufe of fume 
fort of a battering-ram is as old as the art of war itfclf. 
And it has even been fufpedled that the walls of Jericho, 
mentioned in the book of Jofhua, were beaten down by 
this inftrument, the rams horns there mentioned, by 
means of which they were overthrown, being no other 
than the horns of the battering-rams. Pephaftnenos, 
a Tyrian, afterwards contrived to fufpend it with ropes ; 
and iailly, Polydus, the Thcfialiau, mounted it on 
wheels, at the fiege of Byzantium, under Philip of 
Macedon. 

Plutarch relates, that Mare Anthony, in the Par¬ 
thian war, made ufe of a ram 80 feet long : and Vi- 
tiuvius affirms that they were fometimes 106, and even 
120 feet long; which mull have given an amazing 
force to this engine. The ram required 100 foldicrs 
to work and manage it at one time; who being cx- 
haufted, another century relieved them; by which means 
in was kept playing continually without intermiffiou. 
See fig. 2, plate V, which reprefents the battering-ram 
fufpended in its open frame ; in which 3 denotes the 
form of the head, faflened to tlie enormous beam 2, 
by three or four bands (4) of iron, of about four fiu 
in breadth. At the extiemity of each of tliefe hands 
was an iron chain (5), one end of which was faflcutd 
to a hook (6), and to the laft link at the other ex¬ 
tremity was firmly bound a cable, which ran the whfile 
length of the beam to the end of the ram 7, where 
thife cables were bound all together as fall as poflible 
with fmall ropes. To the end of tliefe cables was 
faflened another, that confided of feveral ftrong cords 
platted together to a certain length, and then running 
lingle (8), at eacli of which were placed feveral men, 
to balance and work the machine. 10 Is the chain or 
cable by which the ram was hung to the crofs beam 
( 11), fixed on the top of the frame ; and 12 is the bafe 
of the machine. 

The unfufpended ram differed from this only in the 
manner of working it} as it moved on fmall wheels 
upon another large beam, iuftead of being (lung by a 
chain or cable. 

BATTERY, in the Military Art, a place raifed to 
plant cannon upon, to play with more advantage upon 
the enemy. It confifls of an cpaulment or a breatt- 
work, of about 8 feet high, and 18 or 20 feet thick. 

In all batteries, the open fpaces through which the 

muzzles 





BAY 


[ J 99 1 


BAT 

muzzles of the cannon are pointed, are called Embra¬ 
fures , and the di (lances between the embrafures, mer¬ 
lons. The guns are placed upon a platform of planks 
&c, afeending a little from the parapet, to cheek the 
recoil, and that the gun may be the eafier brought 
hack again to the parapet : they are placed from 12 to 
16 feet dirt ant from one another, that the parapet may 
be ftrong, and the gunners have room to work. 

Mortar Batteries differ from the others, in that 
the (lope of the parapet i# inwards, and it is without 
embrafures, the (hells being fired quite over the para¬ 
pet, commonly at an angle of 45 degrees elevation. 

Open Battery, is nothing mote than a number of 
cannon, commonly field-pieces, ranged in a row abreaft 
of one another, perhaps on fome fmall natural eleva¬ 
tion of the ground, or an artificial bank a little raifed 
for the purpofe. 

Covered or Majked Battery, is when the cannon 
aud gunners are covered by a hank or bread-work, com¬ 
monly made of brufli-wood, faggots, and earth, called 
a fafeine battery. 

Sunk ox Buried Battt r v, is when its platform is 
funk, or let down into the ground, fo that trenches 
mud be cut in the earth oppofite the muzzles of the 
guns, to ferve as embrafures to fire through. This is 
niodly ufed on the riril making of approaches in befieg- 
ing and battering a place. 

Croft Bat 1 fries, are two batteries playing athwart 
each other upon the fame objcCt, forming an angle 
there, and battering to more dlcCt, becaufe what one 
battery (hakef , the other beats down. 

Battery d'Enfilade-, is one that fcours or fweeps 
the whole length of a draight line. 

Battery en F.eharpe , is one that plays obliquely. 

Ba ttery de Rever/e, or Murdering Battery , is one 
that plays upon the enemy’s back. 

Camerade or "Joint Battery, is when feveral guns 
play upon one place at the fame time. 

Battery, in E/etfricity , is a combination of coated 
furfaccs of glafs, commonly jars, fo connected toge¬ 
ther that they may be charged at once, and difeharged 
by a common conductor. Mr. Gralath, a German 
electrician, iirft contrived to increafe the (hock by 
charging feveral phials at the fame time.—Dr Franklin, 
having nnalyfed the I.evden phial, and found that it loll 
at one furfacc the electric fire received at the other, 
ronftruCtcd a battery of eleven large panes of fa(h 
window glafs, coated on both fidcs, and fo connected 
that the whole might be charged together, and with 
the fame labour as one fmgle pane ; then by bringing 
all the giving (ides into contaCl with one wire, and all 
the receiving tides with another, he contrived to unite 
the force of all the plates, and to difeharge them at 
once.—Dr. Priedlrv deferibes a (till more complete 
battery. This confids of 64 jars, each 10 inches long, 
and 2J- inches in diameter, all coated within an inch 
and a half of the top, forming in the whole about 3 a 
fquare feet of coated furface. A piece of very fine 
wire is twilled about the lower end of the wire of each 
jar, to touch the infidc coating in feveral places ; and 
H is put through a pretty large piece of cork, within 
the jar, to prevent any part of it fiom touching the 
fide, by which a fpoutuueous difeharge might be made. 
Each wire is turned round fo as to make a loop at the 


upper end; and through thefe loops pafies a pretty 
thick brafs rod with knob 3 , each rod ferving for one 
row of the jars ; and thele rods are made to communi¬ 
cate together by a thick chain laid over them, or as 
many of them as may be wanted. The jars (laud in a 
box, the bottom of wh'ch is covered wiui a tin plate; 
and a bent wire touching the plate pafies through the 
box, and appears on the outlide. To this wire is 
fattened any conductor dciigued to communicate with 
the outfide of the battery ; and the difeharge is jruide 
by bringing the brafs knob to any of the knobs of the 
battery. When a very great force is required, the fize 
or number of the jars may be incrcafed, or two or more 
batteries may be ufed.—But the larged and molt pow¬ 
erful battery of all, is that employed by Dr. Van 
Marum, to the amazing large clcdlriesd machine, lately 
conllruCted for Teylei’s mufcuin at Haarlem. This 
grand battery con lifts of a great number of jars coated 
as above, to the amount of about 130 fquaic feet; and 
the effeCls of it, which are truly afionifhing, are related 
by Dr. Van Marum in his defeription of this machine, 
and of the experiments made with it, at Haarlem 1785, 
&c. See alfo Franklin’s Expcr. and Obfcrv. and 
Prieftley’s Hi (lory of Electricity. 

BATTLEMENTS, in Architecture, are notches 
or indentures in the top of a wall or other building, 
like embrafures, to look through. 

BAY, in Geography, denotes a fmall gulph, or an 
arm of the fea (Iretchiiig up into the land ; being 
larger in the middle within, than at its entrance, which 
is called the mouth of the bay. 

BAYER (John), a German lawyer anJ allrono- 
mer of the latter part of the 16th and beginning of 
the 17th century, but in what.particular year or place 
he was born, is net certainly known: howeypr, his 
name will he ever memorable in the annals of aftrono- 
my, on account of that great and excellent work 
which he firll publifhed in the year 1603, under the 
title of Uranometria , being a complete celeltial atlas, 
jor large folio charts of all the conilr Nations, with a 
nomenclature collected from all the tables of altronomy, 
ancient and modem, with the nfeful invention of de¬ 
noting the liars in evety eonflcllation by the letters of 
the Greek alphabet, in their brder, and according to 
the order of magnitude of the ftars in each conllella- 
tion. By means of thefe marks, the flats of the hea¬ 
vens may, with as great facility, be dillinguilhed and 
referred to, as the feveral places of the earth are by 
means of geographical tables; and as a proof of the 
ufrfulnefs of this method, our ccldlial globes and at- 
lafl'cs have ever finee retained it ; and heuce it is become 
of general uft through all the literary world ; aftrono- 
mers, in fpcaking of any (lar in the confiellation, -de¬ 
noting it by faying it is marked by Bayer, a, or ( 3 , or 
■) , & c. . 

Bayer lived many years after the firll publication of 
this work, which he greatly improved and augmented 
by hisconfiaut attention to the ftudyof the liars. At 
length, in the year 1627, it was republiftied under a 
nrw r title, viz, Coelom Stelleitum Cbriftianum, that is, the 
Chrijlian Stellated Heaven , or the Starry Heavens Cbrif- 
tianiaed: for in this work, the heathen names and 
characters, or figures of the conftcllations, were re¬ 
jected, and others, taken from the feriptures, were in¬ 
ferred 
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fertcd in their (lead, tocircumfcrihe the refpeAivecon- 
Jkllations. This was the prnjeA of one Julius Scliil- 
)ev, a eivihan of the fame place. But this attempt 
wai too great an innovation, to find fuccefs, or a gene¬ 
ral tcception, which might occafion great confulion. 
And, we even find in the later editions of this work, 
that the aivient figures and names were rcllored again; 
at leall fo I find them in two editions, of the years 
1654, and 1661, whirh ate now before me. 

BEAD, in Architecture, is a round moulding, 
carved in (hot' enrollments, like beads in necklaces: 
and fometiu.es an aft vagal is thus carved. There is alfo 
a fort of plain bead often fet on the edge of each 
facia of an architrave ; as alfo finnetimes on the lining 
board of a door cafe, the upper edge of Ikirting boards, 
tic. 

BKAn, in allaying, the fmnll hall or mafs of pure 
metal feparated from the froria, and Icon diilinA and 
pure in the middle of the coppel while in the fire. 

BEAM, in Architecture, a large timber laid acrofs 
a building, into which the principal rafters are framed. 
Several ingenious authors have confidered the force or 
ftrength oi" beams, as 1'upporting their own weight and 
any other additional weight; particularly Varignon, 
and Parent in the Memoir. Acad. R. Scicn. an. 1708, 
aud Mr. Emerfon, on the Strength and Strefs of Tim¬ 
ber, in his Mechanics. Mr. Parent makes the propor¬ 
tion of the depth to the breadth of a beam to be as 7 
to j when it is llrotigcft. 

Beams of ii /L'ip, are the large, main, crofs timbers, 
llrctched from fide to fide, to fupport the decks, and 
keep the lidesof the fiiip from falling together. 

Beam of a balance, is the horizontal piece of wood 
or iron fupported on a pivot in the middle, and at the 
extierpities of which the two fcalcs are iuipended, 
for weighing any thing. 

Bf.AM-Comp.ifx, aii inllrument confifting of a wooden 
or brafs Itjuaie beam, basing Hiding fockets carrying 
/.cel or pencil points; and are ufed /or deferibing large 
circlet, the radii of which are beyond the extent of the 
aommon compaftes. 

BEAK, in Allronomy, a name given to two conftel- 
iations, called the greater and the leffer bear, or Uksa 
major and minor . The pole liar is in the tail of the lit¬ 
tle bear, and is within lefs than 2 degrees of the north 
pole. See Uksa, major and minor, 

BEARD, rf a Comet, the rays which it emits 
in the direction in which it moves; as diflinguifh- 
cd from the tail, or the rays emitted or left behind 
it as it moves along, being always in a direAion from 
the fun. 

BEARER, in Architecture, a poft or brick wall, 
trimmed up between the two ends of a piece of timber, 
to fborten its hearing, nr to prevent its bearing with 
the whole weight at the ends only. 

BEARING, in Geography and Navigation, the fi- 
tuation of one place from another, with regard to the 
poiuts of the cornpaf;; or an arch of the horizon be¬ 
tween the meridian of a place and a line drawn through 
this and another place, or the angle formed by a line 
drawn through the two places and their ineiidians.-— 
The bearings of places on the ground arc tifually de¬ 
termined by the magiutie needle. 


B E ATS, in a Clock or Watch, arethe {Irojttmmme 
by the fangs or pallets -of the fpindle of the j 

or of the pads in a royal pendulum. Forth^^Htcr 
and ufe of the beats, fee Derham's Artqfi<i|BMotk 
Maker, pa. 14 and feq. ■ 

BED, of a Great Gun* a plank laid-between the 
cheeks of the carriage, on the middle tranfuro, for the 
breech of the gun to reft upon. 

Bed, or Stool, of a mortar, a thick and ilrong 
planking on which a mortar is placed, hollowed a 
little to receive the breech and trunions. 

- BED-MOULDING, in ArchiteAure, a term ufed 
by workmen for thofc members in a cornice which 
are placed below the coronet, or crown. It ufualfy 
coniills of thefe four members, an ogee, a lift, a large 
boultine, aud another lift under the coronet. 

BEL 1 D 0 R (Bernard Forest he), an engineer 
in the fervice of France, but bom in Catalonia in 
1698. He was profeffor in the new fchool of artilleiy 
at la F ere, where he publifticd his couife of mathe¬ 
matics for the ufe of the artillery and engineers. He 
was the firft who ferioufly confidered the quantity of 
gunpowder proper for charges, ami reduced it to a-3ds 
the quantity. He was named Aflociate in the Aca¬ 
demy of Sciences in 1751; and died Sept. l>, 1761, 
at 63 yeais of age. 

His works that have been publiflied,' are : 

1. Sommairc d’un Coins d’ArdiitcAute mililaiie, 
civile Si hydrauliquc, in 12100, 1720. 

2. Nouveau Cours de Mathemaliques, &c. in qtu, 

>7 2 ). 

3. La Science des Ing&iieurs, in 4U1, 1729. 

4. Le Bombardier Francois, in 4U), 173^. 

3. ArchiteAure Hydrauliquc, 4 vols. in 4(0, 

* 737 - 

6. DiAionnaire portatif de 1 ’IngAiieiir, in 8vo. 

7, Traite des Fortifications, 4 vols. in 410. 

Befidcs fevcral pieces inferted in the volumes of the 

Memoirs of the Academy of Sciences, for the years 

* 737 . * 75 °. * 753 . ‘ 75 &. 

BELLATR 1 X, in Aftronomy, a ruddy, glitter¬ 
ing ftar of the 2d magnitude, in the left (boulder of 
Orion. Its name is from the Latin helium, as being an¬ 
ciently fuppofed to have great influence in kindling 
wars, and forming warriors. 

BELTS, Fafcia, in Aftronomy, two zones or gir¬ 
dles furrounding the planet Jupiter, brighter than the 
reft of his body, and terminated by parallel lines. 
They are obferved however to be fometlines broader 
and fometimes narrower, and not always occupying 
cxaAly the fame part of the dife. Jupiter’s belts 
were nrft obferved and deferibed by Huygens, in his 
Svft. Saturn. Dark fpots have often been obferved on 
the belts of Jupiter; and M. Caflini obferved a per¬ 
manent one on the northern fide of the mofl fouthem 
belt, by which he determined the length of Jupiter’s 
days, or the time in which the planet revolves upon 
its axis, which is 9b. 56m. Some aftronomers fuppofe 
that thefe belts are feas, which alternately cover and 
leave bare large traAs of the planet’sfurface s and that 
the fpots arc gulph* in thofc feas, which arc fometimes 
dry, and fometimes full. But Azout conceived that 
the fpots ate protuberances of the bells; and others 

again 
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a sillfe r * of opinion that the tranfpnrent and moveable 
Shadow* of Jupiter’* fatellites. 

nBUilb fj»eaks of the belts of Saturn t being 
thiSa K ^jfflight, parallel bauds, -or fafria, on the 
difc^fjjfew planet. But it does not appear that Sa¬ 
turn’s belts adhere to his body, as thofc of Jupiter dot 
but rather that they are large dark rings lurrounding 
tlie planet at a diftance. Some imagine that they are 
clouds in the atmofphcre of Saturn, though it would 
feem that the middlemoft is the fhadow of his ring. 

BENDING, the reducing a body to a curved or 
crooked form. The bending of boards, planks, &c, 
is cffc&ed by means of heat, whether by boiling or 
otherwise, by which their fibres are fo relaxed that 
they may he bent into any figure. Bernoulli has a 
difeourfe on the bending of fprings, or elaftic bodies. 
And Amontons gives leveral experiments concerning 
the bending of ropes. The fridtion of a rope bent 
or wound about an immoveable cylinder, is fuffi- 
cient, with a very fmall power, to fuflain very great 
weights. 

BERENICE’S Hair; fee Coma Berenices . 

BERKELEY (George), the virtuous and learned 
bifhop of Cloyne in Ireland, was born in that king¬ 
dom, at Kilcrin, the s2th of March 1684. After 
receiving the firfl part of his education at Kilkenny 
fchool, he was admitted a penfioncr of Trinity Col¬ 
lege, Dublin, at 15 years old; and chofen fellow of 
that college in 1707. 

The firil public proof he gave of his literary abili¬ 
ties was, Arithmetica abfque Algebra aut Eucliite demon- 
Jlrata; which from the preface it appears he wrote 
before he was so years old, though he did not publifh 
it till 1707. It is followed by a Mathematical Mif- 
ccllany, containing ohfervations and theorems inferibed 
to his pupil Samuel Molineux. 

In 1709 came out the 5 Theory of t r ijinn ; which of 
all his works it feems docs the greateft honour to his 
fagacity; being, it lias been obferved, the firil at¬ 
tempt that ever was made to diflinguifh the immediate 
and natural objedts of fight, from the conclufions we 
have been accuilomed from infancy to draw from 
them. The boundary is here traced oot between the 
ideas of fight and touch ; and it is (hewn, that though 
habit hath fo connedled thefe two clafles of ideas in 
the mind, that they are not without a ftrong effort to 
be feparated from each other, yet originally they have 
no fuch connedlion; infomuch, that n perfon born 
blind, and fuddcnly made to fee, would at firil be ut¬ 
terly unable to tell how any objedl that aifedted his 
fight would aifcdl his touch ; and particularly would 
not from fight receive any idea of diilftnce, or exter¬ 
nal fpace, but would imagine all objc&s to be in hit 
eye, or rather in his mind. 

In 1710 appeared 7 he Principles of Human Know¬ 
ledge ; and in 1713 Dialogues between Hylas and Phi- 
lonous: the objedl of both which piecea is, to prove 
that the commonly received notion of the exiftenee of 
matter, is falfe; that fenfible material obje&s, as they 
sue called, are not external to the mind, but exift in 
it, and are nothing more than impreifiont made upon 
it by the immediate adl of God, according to certain 
rules termed law's of nature. 

Vol. I. 


Acutenefs of parts and beauty of imagination were 
fo confpicuous in Berkeley’s writings, that his, repu¬ 
tation was now' eflablifhed, and his company courted ; 
men of oppofite parties concurred in recommending 
him. For Steele he wrote feveral papers in the Guar¬ 
dian, and at his boufe became acquainted with Pope, 
with whom he always lived in friendfhip. Swift re¬ 
commended him to me celebrated carl of Peterborough, 
who being appointed ambafiador to the king of Sicily 
and the Italian States, took Berkeley with him as 
chaplain and fecretary in 1713, with whom he return¬ 
ed to England the year following. 

■His hopes of preferment expiring with the fall of 
queen Anne’s miniilry, he fomc time after embraced 
an offer made him by Afhc, bifhop of Clobber, of ac¬ 
companying his fon in a tour through Europe. In 
tin’s he employed four years; and bdides thole places 
which fall within the grand tour, he vifited fome that 
are lefs frequented, and with great induftiy collected 
materials for a natural hiflory of thofe parts, but 
which were unfortunately lull in the pafTagc to Naples. 
He arrived at London in 1721 ; and being much af- 
fedled with the miferies of the nation, occafioned by 
the South-fea fcheme in 1710, he publifhed the fame 
year An EJJhy towards preventing the rain if Great Bri¬ 
tain: reprinted in his Mifcellaneous TraQs . 

His way was now open into the very firil company. 
Pope introduced him to lord Burlington, by whom be 
was recommended to the duke of Grafton, then ap¬ 
pointed lord-lieutenant of Ireland, who took Berkeley 
over as one of his chaplains in 1721. The latter part 
of this year he accumulated the degrees of bachelor 
and do&or in divinity: and the year following he had 
a very uncxpc&ed incrcafc of fortune from the death 
of Mrs. Vanhomrigh, the celebrated Vaneffa, to whom 
hr had been introduced by Swift: this lady had in¬ 
tended Swift for her heir; but perceiving herfelf to 
be flighted by him, (he left her fortune, of 8000I. be¬ 
tween her two executors, of whom Berkeley was one. 
In 1714 he was promoted to the deanery of Derry, 
worth i tool* a year. 

In 172$ he publifhed, and it has fince been reprint¬ 
ed in bis Mifcellaneous Tndfts, A Propofal for convert¬ 
ing the favage Americans to Chriflianity, by a college to 
be erefied in the Summer IJles t otberwife called the yles of 
Bermuda. The propofal was well received, at lead by 
the king; and he obtained a charter for founding the 
college, with a parliamentary grant of 20,0001. to¬ 
ward carrying it into execution: but he could nqver 
get the money, it being otherwife employed by the 
minitler; fo tnat after two years flay in America on 
this bufinefs, he was obliged to return, and the fcheme 
dropped. 

In T732 he publifhed The Minute Pbtlofopher , in 2 
volumes 8vo, againil Freethinkers. In 1733 be was 
made bifhop of Cloyne; and might have been remov¬ 
ed in 1745, by lord Chefterfield, to Clogher; but de¬ 
clined it. He refided conflautly at Cloyne, where he 
faithfully difeharged all the offices of a good bifhop, 
yet continued his iludies with unabated attention. 

About this time be engaged in a controverfy with 
the mathematicians, which made a good deal of noife 
in the literary world; and the oeeafion of it was this: 
D d Addifiw 
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Addifon had given the biftiop an account of the beha¬ 
viour of their common friend Dr. Garth in his laft 
illnefs, which was equally unpleafing to both thefe ad¬ 
vocates of revealed religion. For when Addifon went 
to fee the do&or, and began to difeourfe with him fe- 
rioufty about another wond, “ Surely, Addifon, replied 
he, I have good reafon not to believe thofe trifles, 
fince my friend Dr. Halley, who has dealt fo much in 
demonftration, has allured me, that the do&rines of 
chrillianity are incomprehenfiblc, and the religion it- 
felf an impofture.” The bilhop therefore took up 
arms againit Halley, and addrefled to him, as to an 
infidel Mathematician, a difeourfe called The Analyft ; 
with a view of Ihewing that myfteries in faith were un- 
jultly objefted to by mathematicians, who he thought 
admitted much greater myltciies, and even fallhoods 
in feience, of which he endeavoured to prove that the 
dodtrine of Fluxions furniilied a elear example. Tin's 
attack gave oceafion to Robins's Difeourfe concerning 
the Method of Fluxions, to Maclaurin’s Fluxions, and 
to other fmallcr works upon the fame fubjeCt; but the 
diredt anfwers to The Analyft were made by a perfon 
under the name of Philalethcs Cantabrigienfis, but 
commonly fuppofed to be Dr. Jurin, whole firft piece 
was, Geometry no Friend to Infidelity, 1734. To this 
the biftiop replied in A Defence of Freethinking in Ma¬ 
thematics ; with an Appendix concerning Mr. Walton's 
/•'indication, 1735; which drew a fecund anfwer the 
fame year from l'hilalethes, under the title of The 
Minute Mathematician, or the Freethinker no juft Thinker, 
1735. Other writings in this controverfy, befide 
thofe before mentioned, were 

1. A Vindication of Newton’s Principles of Fluxions 
againft the ohjedtions contained in the Analyft, by J. 
Walton, Dublin, 1735. 

2. The Catecliifm of the Author of the Minute 
PhiIofo)>her fully anfwercd, by J. Walton, Dublin, 

* 735 * 

3. Reafons for not replying to Mr. Walton’s Full 
Anfwer, in a letter to P. T. P. by the author of the 
Minute Philofopher, Dublin, 1735. 

4. An Introduction to the Dodtrine of Fluxions, 
add Defence of the Mathematicians againit the objec¬ 
tions of the author of the Analyft, &c. Land. 1736. 

5. A new Treatife of Fluxions; with answers to 
the principal objedtions in the Analyft, by James 
Smith, A. M._ Lond. 1737. 

6. Mr. Robins’s Difeourfe of Newton’s Methods of 
Fluxions, and of Ptime and Ultimate Ratios, 1735. 

7/ Mr. Robins’s Account of the preceding Difeourfe, 
in the Repub. of Letters, for Odtober 1735. 

8. Philalethes’s Confiderations uj>on fomc paflages 
contained in two letters to the author of the Ana¬ 
lyst &c, in Repub. of Letters, Novemb. 1735. 

9. Mr. Robins’s Review of fomc of the principal 
objections that have been made to the dodtrine of 
Fluxions &c. Repub. of Letters for Dccem. 1735. 

10. Philalethes’s Reply to ditto, in the Repub. 
of Letters, Jan. 1736. 

it. Mr, Robins’s Differtation, fhewing that the ac¬ 
count of the dodtrines of Fluxions See, is agreeable to 
the real fenfe and meaning of their great Inventor, See, 
Repub. of Letters, April 1736. 


12. Philalethes’s Confiderations upon ditto, in Re¬ 
pub, of Letters, July 1736. 

13. Mr. Robins’s Remarks on ditto, in Repub. of 
Letters, Aug. 1736. 

14. Mr. Robins’s Remainder of ditto, in an Appen¬ 
dix to the Repub. of Letters, Sept. 1736. 

15. Philalethes’s OLfervations upon ditto, in an 
Appendix to the Repub. of Letters, Nov. 1736. 

16. Mr. Robins’s Advcrtifement in Repub. of Let¬ 
ters, Decemb. 1736. 

17. Philalcthes’s Reply to ditto, in an Appendix to 
the Repub. of Letters for Dccem. 1736. 

iS. Some Obfcrvations on the Appendix to the Re¬ 
pub. of Letters for Decern. 1736, by l)r. Pemberton, 
in the Works of the Learned for Feb. 1737. With 
forne fmallcr pieces in the fame 

la 1736 biihop Berkeley publiflied The Sjucrift, “ a 
difcouile addrefled to magillrates, occaflomj by the 
enormous licence and irreligiou of the timesand 
many other things afterward of a fmallcr kind. In 
1744 came out his celebrated and curious book, 
“ h‘iris s a Chain of Philofupliical Reflections and In¬ 
quiries concerning the virtues of Tar-water.” It had 
a fccond impreflion, with additions and emendations, 
in 1747; and was f«ilowed by Farther Thoughts cn 
Tar-water, in 1732. In July the fame- year he removed, 
with his lady and family, to Oxford, partly to fuper- 
intend the education of a fon, but chiefly to indulge 
the paflion for learned retirement, which had always 
ftrongly pofleflftd him. He would have rclig.icd his 
biflioprick for a canonry or hcadlhip at Oxford ; but it 
was not permitted him. Here he lived highly n fpeck-d, 
and collected and primed the Inme year all his linalh r 
pieces in 8vo. But this happinefs dir! nut long conti¬ 
nue, being fuddcnly cut oft by a pally of the heart 
Jan. 14, 1753, in the 69th year of his age, while 
hileniog to a fermon that his lady was reading to him. 

The excellence of Berkeley’s moral character is con- 
fpieuous in his waitings: he was certainly a very amiable 
as well as a very' great matt; and it is thought that Pope 
fcarccly faid too much, when lie aferibed 

“ To Berkeley every virtue umlcr heaven." 

J 3 ERME, in Fortification, a fmall fjiace of ground, 

4 or 5 feet wide, left without the rampart, between it 
and the fide of the moat, to receive the earth that rolls 
down from the rampart, and prevent its falling into the 
ditch and filling it up.—Sometimes, for greater fecu- 
rity, the berme is pallifadoed. 

BERNARD (Dr. Edward), a learned aftronomer, 
critic and linguift, was born at Perry St. Paul, near 
Towccfter, the 2d of May 1636, and educated at Mcr- 
chant-Taylor’s fchool, and at St. John's college Oxford. 
Having laid in a good fund of dalfical lent uing at fchool, 
in the Greek and Latin languages, he applied hinifelf 
very diligently St the univerfity to the ftudy of hiftory, 
the eaftem languages, and mathematics under the cele¬ 
brated Dr. Wallis. In 1668 he went to Leyden to 
confult fome Oriental mauuferipts left to that univerfity 
by Jofeph Scaliger and Levin Warner, and efpecially 
the 5 th, 6th, and 7 th books of Apollonius’s Conics, the 
Greek text of which is loft, and this Arabic verfion 
having been brought from the call by the celebrated 

Golius, 
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Go’iun, a tranfcript of which was thence taken by Ber¬ 
nard, and brought with him to Oxford, with intent to 
ptiblifh it there with a Latin tranflarion ; but he was 
obliged to drop that defign for want of encouragement. 
Tin's however was aftei wards carried into effect by Dr, 
Hidlcy in 1710, with the addition of the 8th book, 
which he fupplied by his own ingenuity and induflry. 

At his return to Oxford, Bernard examined and col¬ 
lated the molt valuable mannferipts in the Bodleian li¬ 
brary. In 1669, the celebrated Chriftopher Wren,' 
Savilian profeflbr of aftronomy at Oxford, having been 
appointed fnrvevor-general of his majefty’B works, and 
bring much detained at London by ties employment, 
obtained leave to name a deputy at Oxford, and pitched 
upon Mr. Bernard, which engaged the latter in a more 
ptuticular application to the Uudy of agronomy. But 
in 1673 lie was appointed to the profeflorftiip himfelf, 
which Wren was obliged to refign, as, by the fintutes 
of the founder. Sir Henry Saville, the profefTors are not 
allowed to hold any other oilice either ecclefiaflicid or 
civil. 

A hoot this time a fcheme was fet on foot at Oxford, 
of coliefling and publifhing the ancient mathematicians. 
Mr. Bernard, who had firil formed the projt fl, col leak’d 
all the old books publifhed on that fubjefl fince the in¬ 
vention of printing, and all the manuferipts he could 
difeover in the Bodleian and Savilian libraries, which he 
arranged in order of time, and according to the matter 
they contained ; of this be drew up a fynopfis or view; 
and 33 a fpecirr.cn he publifhed a few fhects of Euclid, 
containing the Greek text, and a Latin verfion, with 
I’rnelus's commentary in Greek and Latin, and learned 
fcholia and corollaries. The fynopfis itfelf was publifhed 
by Hr. Smith, at the end of his life of our author, under 
the title of Vetervm Mat hem aticorum Greeeorum, Latino- 
rum, et Arabum, Synop/is. And at the end of it there is 
a catalogue of fome Greek writers, wliofc works are fup- 
jrofed to be loft in their own language, but are preferved 
in the Syriac or Arabic tranflations of them. 

Mr. Bernard undertook alfonn edition of the Parva 
Ryu/axis Alexandrines; in which, befides Euclid, arc 
contained the fmall treatlfes of Tbcodofius, Menclaus, 
Aiiftarchus, and Hipficles; but it never was publifhed. 

In 1676 he was fent to France, as tutor to the dukes 
of Grafton and Northumberland, fons to king Charles 
the 2d by the dutclufs of Cleveland, who then lived with 
their mother at Paris : but the fimplicity of bis man¬ 
ners not iuiting the gaiety of the dtitchefs’c family, he 
returned about a year after to Oxford, and purfued his 
ftndics; in which he made great proficiency, as appears 
by his many learned and critical works. In 1691, be¬ 
ing presented to tile reflory of Urightwell in Bcrkfbire, 
he quitted his profcffoifhip at Oxford, in which he was 
fucceedcd by David Gregory, profeflorof mathematics 
at Edinburgh. 

.Toward the latter end ofhislifc he was much afBiflcd 
with the flone; yet not withftanding this, and other 
infirmities, he undertook a voyage to Holland, to attend 
the fale of Golius’s manuferipts, as he had once before 
done at the fale of Hcinfms’s library. On his return to 
England, be fell into a languifliing confumption, which 
put an end to his life the 12th of January 1696, in the 
58th year of his age. 

Bdidc the works of his before mentioned, he-was 


author of many other compofitions. Ife eompofed ta¬ 
bles of the longitudes, latitudes, right-afeennons, &c, 
of the fixed flars: he wrote Obfervations on the Ob-* 
liqnity of the Fcliptic; and other pieces inferted in the 
Philoi'ophieal Tranfaflions. He wrote alfo, 

1. A Treatifr of the Ancient Weights and Meafures. 

2 . Chronologic Samrritanee Synop/is, in two tables. 

3. 7 "tJUmapirs rf the Ancients concerning the Greet 
. t*cr/i'>H of the Old Tefiament ly the Seventy, 

And feveral other learned works. Befides a great 
number of valuable manuferipts left at hfs death. 

BERNARD (Dr. J a m f. s), profeflbr of philofoph y 
and mathematics, and rninifler of the Walloon church 
at Leyden, was born September the tft 1658, at Nions 
in Dauphine. Having ftudied at Geneva, he returned 
to France in 1679, and was chofen minifter of Venterol, 
a village in Dauphine.; but fome time after he was re¬ 
moved to the church of Vinfobres in the fame province. 
To avoid the perfections rgainft the proteftants in 
Fiance, he went into Holland, where he was appointed 
one of the perfionary miiiiflers of Ganda. He here 
publifhed feveral political and hiftorical works. And in 
1699 he began the Naum files de hi Repul/iqve des I.ettres, 
which continued till December 1710. In 1707 he was 
chofen rninifler of the Walloon church at Leyden ; and 
about the fame time, Mr. de Voider, profeflor of phi- 
lofophy and mathematics at Leyden, having refigned, 
Mr. Bernard was appointed his fuccefibr; upon which 
oecafion the iiniveifity alfo prefented him with the de¬ 
grees of doflor of pliilofopliy and mailer of arts. I11 
1716 he publifhed a fnpplement to Moreri’s dictionary 
in 2 volumes folio. The fame year he refumed his Nou- 
i Ales de hi Repuhliqur des Lettres ; which he continued 
till his death, which happened the 27th of April 1718, 
in the 60th year of his age. ' 

BERNOULLI (James), a celebrated mathemati¬ 
cian, born at Bafilthe 27th of December 1654.* Har¬ 
ing taken his degrees in that univerfify, he applied 
himfelf to divinity at the entreaties of his father, but 
againft his own inclination, which led him to aftronomy 
and mathematics. He gave very early proofs of his 
genius fot thefe fciences, and foon became a geometri¬ 
cian, without a preceptor, and almoft without books; 
foi if one by chance fell into his hands, he was obliged 
to conceal it, to avoid the difpleafure of his father, who 
defigned him for other ftudies. This fituation induced 
him to choofe for his device, Phaeton driving the cha¬ 
riot of the fun, with thefe words, Invito patre Jtdera 
vrrfo, “ I traverfe the ftars againft my father’s will:’* 
alluding particularly to aftronomy, to which he then 
chiefly applied himfelf. 

In 1 Cqd he began his travels. When he was at Ge¬ 
neva, he fell upon a method to teach a young girl to 
write who had been blind from two months old. At 
Botirdeaux he eompofed univerfaJ gnomonic tables; but 
thev were never pub!iflu d. He returned from France 
to iiis own country in 1680. About this time there 
appeared a comet, the return of which he foretold ; and 
wrote a fmall treatife upon it. Soon after this he went 
into Holland, where he applied himfelf to the ftudy of 
the new philofophy. Having vifited Flanders and Bra¬ 
bant, he paffed over to England ; where he formed an 
acquaintance with tbemoft eminent men in the fciences, 
and was frequent at their philufophical meetings. He ' ‘ 
Ddi returned 
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returned to his native country in 1682 ; and exhibited 
at Bafil a courfc of experiments in uatural pliilofoph'y 
and mechanics, which conliited of a variety of new dif- 
covcries. The fame year he publilhed his Eflay on a 
new Syftcm of Comets; and the year following, his 
Diflertation on the weight of the air. About this time 
Leibnitz having publilhed, in the Ada Eruditorum at 
Leipiic, fome eflays on his new Calculus Diffcrentialis, 
but concealing the art and method of it. Mi. Bernoulli 
and Iris brother John difeovered, by the little which 
they , faw, the beauty and extent of it: this induced 
them to endeavour to unravel the fccret; which they 
did with fuch fuccefs, that Leibnitz declared that the 
invention belonged to them as much as to himfclf. 

In 1,687 James Bernoulli fuccceded to the profeffor- 
fliip of mathematics at Bafil; a truft which he difeharged 
with great applaufe; and his reputation drew a great 
number of foreigners from all parts to attend his lec¬ 
tures. In 1699, he was admitted a foreign member of 
the Academy of Sciences of Paris; and in 1701 the 
fame honour was conferred upon him by the Academy 
of Berlin: in both of which he published fcveral inge¬ 
nious compofitions, about the years 1702, 3, and 4. 
He wrote aifo fcveral pieces in the Alia Eruehtarum of 
LeipGc, and in the Journal des Sfa vans. His intenfe 
application to ffudy brought upon him the gout, and 
by degrees a flow fever, which put a period tt> his life 
the 16th. of Auguff 1705,in the jlllycar of his age.— 
Archimedes having found out the proportion of a Ipherc 
and its circumfcribing cylinder, ordered them to be en¬ 
graven on his monument: In imitation of him, Ber¬ 
noulli appointed that a logarithmic fpital curve ihould 
be infenbed on his tomb, with thele words, Eadem 
mutata refurgo ; in allufion to the hopes of the refur- 
re &ion, which are in fome mtafure reprefented by the 
properties of that curve, which lie had. the honour of 
difeovering. 

James Bernoulli had afl excellent genius for invention 
and elegant Simplicity, as well as a clofe application. 
He was eminently {killed in all the branches of the ma¬ 
thematics, and contributed much to the promoting the 
new analyfis. infinite Series, &c. He carried to a great 
height the theory of the quadrature of the parabola; 
t he geometry of curve lines, of Spirals, of cycloids and 
epicycloids. 

His works, that had been publilhed,. were collc&cd, 
and printed in 2 volumes 4to, at Geneva in 1744. At 
the time of his death he was occupied on a great work 
entitled J De AruConjeQandi, which was publilhed in 4tu, 
in 1713. It contains one of the bell and moll elegant 
introdudlions to Infinite Series, &c. This pollhumous 
Work is omitted iu the collection of his works above 
mentioned. 

BERNOULLI (John), the brother of James, 
laft mentioned, and a celebrated mathematician, was 
born at Bafil the ',1b of Anguft 1667. His father in¬ 
tended him fur trade; but his own inclination was at 
firll for the Belles-Lettres, which however, like his 
brother, be left for mathematics, lie laboured with 
his brother to difeover the -method ufed by Leibnitz, 
in his eflays on the Differential Calculus, and gave the 
Jirft principles of the Integral Calculus. Our author, 
witli McjSeurs Huygena and Leibnitz, was the firflt 
who gave.the Solution of the problem propofed by James 


Bernoulli, concerning the-catcnary, or curve formed by 
a chain fufpended by its two extremities. 

John Bernoulli had the degree of dodtor of phyfic 
at Bafil, and two years afterward was named profrilbr 
of mathematics in the univerfity of Groningen. It 
was here that lie difeovered the mercurial phofphorus or 
luminous barometer; and where he refolved the problem, 
propofed by his brother concerning Ifoperimetricala. 

On the death of his brother James, the profcflbr at 
Bafil, our author returned to his native country, a&ainlt 
the prefiiiig invitations of the magillrates of Utrecht 
to come to that city, and of the univerfity of Groningen, 
who wiihed to retain him. The Academic Senate of Bafil 
foon appointed him to fuccced his brother, without af- 
fcmbling compctitois, and contrary to the dlablilhcd 
practice: an appointment which he held during hia 
whole life. 

In 1714 was publiflied his tneatife on the manage¬ 
ment of mips; and in 1730, his memoir on the ellip¬ 
tical figure of the planets gained the prize of the Aca¬ 
demy of Sciences. The fame academy alfo divided the 
prize, fur their queftion concerning the inclination of 
the planetary orbits, between our author and his fun 
Daniel. 

John Bernoulli was a member of moil of the acade¬ 
mies of Europe, and received as a foreign affociate of 
that of Paris in 1699. After a long life fpent in con- 
ftant Itudy and improvement of all the branches of the 
mathematics, he died full of honours the iff of January 
1748, in the 81ft year of his age. Of five Tons which he 
had, three purfued the fame fcicnces with himfclf. One 
of thefe died before him ; the two others, Nicolas and 
Daniel, he lived to fee become eminent and much re- 
fpe&ed in the fame fciences. 

The writings of this great man were difperfed 
through the periodical memoirs of fcveral academies, as 
well as in many feparate treatifes. And the whole of 
them were carefully collected and publilhed at Laufannc 
and Geneva, 1742, in 4 volumes, 4to. 

BERNOULLI (Daniel), a celebrated phyfician 
and philofopher, and fon of John Bernoulli lull mention¬ 
ed, was born at Groningen Feb. the 9th, 1700, where 
bis father was then profeffor of mathematics. He was 
intended by his father for trade, but his genius led him 
to other purfuits. He palled fome time in Italy ; and 
at 24 years of age he declined the honour offered him 
of-becoming prefident of an academy intended to have 
been eftablifhed at Genoa. He fpent fcveral years with 
great credit at Peterlburgh; and in 1733 returned to 
Bafil, where his father was then profcllor of mathema¬ 
tics ; and here our author fucccflivcly filled the cliair of 
fic, of natural and of fpcculative philofuphy. 
n his work Exercitationes Mallscmaitcee t 1724, he 
took the only title he then had, viz, “ Son of John 
Bei uoulli,” and never would fuffer any other to be added 
to it. This woik was publilhed in Italy, while he was 
there on hia travels; and it claffed him in the rank of 
inventors. In his work, Hydrodyuamica , publilhed in 
410 at Argentoratum or Straflxuirg* in 1738, to the 
lame title was alfo added that of Med. Prof. Bafil. 

Daniel Bernoulli wrote a multitude of other pieces, 
which have been publilhed in the Mem. Acad, of Sci¬ 
ences at Paris, and in thofe of other Academics. He 
gained and divided ten prizes from the Academy of 
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B I A 


BEZ [ *o 5 ] 


Sciences, which were contended for by the moft illuftri- 
our mathematicians in Europe. The only perfon who 
has had fitnilar fuccefs of the fame kind, is Euler, his 
countryman, difciple, rival, and friend. Hisfirft prize 
he gained.at 44 years of age. In 1734 he divided one 
with his father; which hurt the family union ; for the 
father confidered the contcft itfelf as a want of refpeft; 
and the fon did not fufficiently conceal that he thought 
(what was really the cafe) his own piece better than his 
father’s. And befides, he declared for Newton, againft 
whom his father had contended all his life. In ;740 our 
author divided the prize, “ On the Tides of the Sea,” 
with Euler and Maclaurin. The Academy at the fame 
time crowned a fourth piece,, whofe chief merit was 
that of being Cartefian ; but this was the la ft: public 
aft of adoration paid by the Academy to the authority 
of the author of the Vortices, which it had obeyed 
but too long. In 1748 Daniel Bernoulli fucceeded his 
father John in the Academy of Sciences, who had fuc¬ 
ceeded his brother James; this place, fince its firft 
crcftion in 1699, having never been without a Bernoulli 
to fill it. 

Our author was extremely refpefted at Baiil; and 
to bow to Daniel Bernoulli, when they met him in the 
ftrects, was one of the firft lcflbns which every father 
gave every child. He was a man of great firaplicity 
and modefty of manners. He ufed to tell two little 
adventures, which he faid had given him more plea- 
fure than all the other honours he had received. Tra¬ 
velling with a learned ftranger, who, being plcafed 
with his converfation, aiked his name; *f I am Daniel 
Bernoulli,” anfwered he witli great modeily ; ” And 
I,” faid the ftranger (who thought he meant to laugh 
at him), “ am Ifaac Newton.” Another time having 
to dinner with him the celebrated Koenig the mathe¬ 
matician, who boafted, with fome degree of felf-com- 
placcncy, of a difficult problem he had refolved with 
much trouble, Bernoulli went on doing' the honours 
of his tabic, and when they went to drink coffee he 
prefented Koenig with a folution of the problem more 
elegant than his own. 

After a long, ufeful, and honourable life, Daniel 
Bernoulli died the 17th of March 1782, in the 83d 
year of his age. 

BETELGEUSE, a fixed ftar of the firft magni¬ 
tude in the right fhoulder of Orion. 

BEZOUT (^tj- phbn), a celebrated French mathe¬ 
matician, Member of the Academies of Sciences and 
the Marine, and Examiner of the Guards of the Ma¬ 
rine and of the Elevcs of Artillery, was horn at Nemours 
the 31ft of March 1730. In the courfe of his flu- 
dies he met with fome books of geometry, which gave 
him a tafte for that fcicncc ; and the Eloges of Fon- 
tenelle, which (hewed him the honours attendant on 
talents and the loveof the friences. His father in vain 
oppofed the ft long attachment of young Bezonttothe 
mathematical fcienccs. Aprils, 1758, he was named 
adjoint-mechanician in the French academy of fei- 
tnccs; having before that fent them two ingenious 
memoirs on the integral calculus, and given other 
proofs of I11B proficiency in the fcienccs. In 1763, 
he was named to the new office of Examiner to the 
Marine, and appointed to compose a Courfe of Ma¬ 
thematics for their ufeand in 1768, on the death of 


M. Camus, he fucceeded as Examiner of the Attillcry 
Eleves. 

Bezout fixed his attention more particularly to the 
refolution of algebraic equations; and he firft found out 
the folution of a particular clafs of equations of all de¬ 
grees. This method, different from all former ones, 
wras general for the cubic and biquadratic equations, and 
juft, became particular only at thofe of the 5th degree. 
Upon this work of finding the roots of equations, our 
author laboured from 1762 till 1779, when he pub* 
lifted it. He compofed two courfes of mathematics; 
the one for the Marine, the other for the Artillery: 
The foundation of thefe two works was the fame; the 
applications only being different, according to the two 
different objefts; thele courfes have every where been 
held in great etlimatioa. In his office of examiner he 
difeharged the duties with great attention, care, and 
tendernefs; a trait of bis juft ice and zeal is remarkable in 
the following inftance: During an examination which 
he held at Toulon, he was told that two of the pupils 
could not be prefent, being confined by the fmall-pox : 
he himfelf had never had that difeafe, and he was greatly 
afraid of it; but as he knew that if he did not fee 
thefe two young men, it would much impede their 
improvement; he ventured therefore to their bed-fides, 
to examine them, and was happy to find them fo 
deferving of the hazard he put liitnfelf into for their 
benefit. 

Mr. Bezout lived thus feveral years beloved of his 
family and friends, and refpefted by all, enjoying the 
fruits and the credit of his labours. But the trouble 
and fatigues of his offices, with fome perfonal cha- 
grincs, had reduced his ftrength and conftitution; he 
was attacked by a malignant fever, of which be died 
Sept. 27, 1783, in the 541b year of his age, regretted 
by his family, his friends, the young ftudents, and by 
all his acquaintance in general. 

The books publifhcd by him, were : 

1. Courfe of Mathematics for the ufe of the Marine, 
with a Treatife on Navigation ; 6 vols. in 8vo, Paris, 
1764. 

2. Courfe of Mathematics for the Corps of Artillery;, 
4 vols. in 8vo, 1770. 

3. General Theory of Algebraic Equations; 1779. 

His papers printed in the volumes of the Memoirs 

of the Academy of Sciences, are: 

1. On curves wbofe rcftificaiioti depends on a given 
quantity; in the vol. for 1758. 

2. On feveral claffes of equations that admit of an 
algebraic folution ; 17 62. 

3. Firft vol. of a courfe of mathematics, 1764. 

4. On certain equations, S:c ; i 4. 

5. General refolution of all equations; 1765. 

6. Second vol. of a courfe of mathematics; 1765. 

7. Third vol. of the fame ; 1766. 

8. Fourth vol. of the fame ; 1767. 

9. Integration of differentials. Sic. vol. 3, Sav. Etr. 

10. Experiments on cold ; 1777. 

B 1 ANCHINI (Francis), a very learned Italian 
philofophcr and mathematician of the 17th century, 
was bom at Verona the 13th of Deecml er i . He 
was much eftcemcd by the learned, and was a mem. 
her of feveral academies; and was even the founder 
of that at Verona, called the Academy of Aletofili, or 
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I-ovt'vh of Truth. lie went to Rome in 1684; and 
made M)-.ii-!an to cardinal Oltoboni, who was 
afict wards 1 ’ojr hv the name of Alexander the 8th. 
He entered into the church, and became canon of St. 
Mary de la Rotondo, and afterward of St. Lawrence 
in Damafo. 

Bianchini was author of fceernl learned and ingenious 
diflertations. In im;“ he pnhlifhed ha IJloria univer- 
falt prwa’tt ion numuvseuti, c > fi^uratn con Jititboli dc gli 
am id.i. in 1701 pone Clement the nth nam^d him 
fecretary of the confercnei s for the reformation of 
the calendar; and lie puhlithed in 1703, De Cahn- 
d< y Cycln C.-ejuris r, nr de Canon; Pufha'i fundi 
HyppnUt;, Martyr's, Dijfcrtationrs dust, Bianchini was 
employed on ti c confiriiClion of the large gnomon in 
the cl inch of ihe Chartieux at Rome, upon which 
he puhlili.t d ;ii atnpli dilTcrtation intit led, AY Xurrno 
<S ( I'lfwi tie dementi no. 'l'he refearch concerning the 
parallax and the fpets of Venus occupicil him a long 
time ; hut his n oil icmaikahh* diieovery is that of the 
purallclilui of the nxi.-nf Venus in her orhit. He pro- 
j 10fed to Iran- meridian line through the whole extent 
• f Italy. lie was admitted a foreign AfTociatc in the 
Paris Academy of Science?, in 1706; and he had 
many allronunuVal dilTntations inferted in their Me* 
mows, paiticularly in thofc of the years 1702, 1703, 
1704, lyud, 1707, 1708, 1713, and 1718.—Bianchini 
died the 2d of March 17291 in the 67th year of his 
»£<*• 

RI MEDIAL Line, is the Aim of two Media!?. 
Euclid reckons two of thefe bimedials, in pr. 38 and 
79 lib. x ; the firfl is when the reft ingle is rational, 
which is contained by the two medial lines whofe fum 
makes the bimedial; and the fecond when tliat rec¬ 
tangle is a medial, or contained under two lines that 
are commcnfurahle only in power. 

BINARY Number, that which is compofed of two 
units. 

Binary Arithmetic, that in which two figures or 
characters, viz, 1 and o, only are ufed ; the cipher mul- 
tiplying every thing by 2, as in the common arithme¬ 
tic bv ten : thus, 1 is one, io is 2, 11 is 3, too is 4, 
101 is 5, 110 is 6, 111 is 7, ioco is 8, 1001 is 9, 1010 
is ten ; being founded on the fame principles as com¬ 
mon arithmetic —This fort of arithmetic was invented 
by Leibnitz, who pretended that it is better adapted 
than the common arithmetic, for difeovering certain 
properties of numbers, and forconflrufting tables; but 
lie dots not venture to recommend it, for ordinary uA*, 
on account of the great number of places of figures 
requifite to exprefs all numbers, even very fin all ones. 

Jof. Pelican of Ptague has more largely explained the 
principles and pra&ioc of the binary arithmetic, in a 
book entitled Arithmetics Pcrfeflus, qui tria numerare 
nefeit s 1712. And De I.agni propofed a new fvflem 
of logarithms, on the plan of the binary arithmetic ; 
which he finds (horter, and more tafy and natural than 
the common ones. 

BJNOCLE, or Bitvorur.A* Telescopf, is one 
by which an nbjrft is viewed with both eyes at the fame 
time. It ennfifts of two tubes, each fnrnifhed with 
glafirs of the fame power, by which means it has been 
faid to (hew obje&s larger and more clearly than a mo¬ 


nocular or ftngle tclefcope ; though this is probably 
only an ilhifion, occafioned by the ilronger impreflion 
which two equal images, alike illuminated, make upon 
the eyes; and they have been found more embarrafting 
than ufeful in prnftice. This tclefcope has been 
chiefly treated of by the fathers Kcita and Cherub in 
of Orleans—There are alfo microfeopes of the fame 
kind, though but little ufed ; being fubjeft to the fame 
inconveniences as the tclefcopes. 

BINOMIAL, a quantity confiding of two terms 
or members connefted by the fig 11 I- or —, viz, plus or 
minus ; as a -f- b, or $a — 2r, or a* + b, or .v® — 2 ^c, 
&c; denoting the Ann or the iliilcrcncc of the two 
terms. Bnt the difference is alfo fometimes named a 
refidua!, and by Euclid an rpmonie. Thetenn binomial 
was firil introduced by Robert Rccordc ; fee his alge¬ 
bra, pa. 46®. 

BisoitirtL Line, or Surd, is that in which at Lad 
one of the parts is a Ami. Euclid enumerates hx 
kinds of binomial lines or finds, in the 10th hook of 
his Elements, which are exactly fimilar to the fix refi- 
duals or apotomes there treated of alfo, and of which 
an account is given under the ait. Ai-otomk, which 
fee. Thofc apotomes become binomials by only 
changing the fign of the latter term from minus to 
plus, which therefore are as below. 

lLucliPt 6 Binomial hints. 

Firft binomial 3 4- y'f, 
zd binomial ^/t8 + 4, 

3d binomial A /24 + 4/18, 

4th binomial 4 4- ^3, 

5th binomial ^/6 -f- 2, 

6th binomial + </2. 

7 "o extrad the Square Root of a Binomial , as of 
a + ‘i/b, or s/c+ */b. Various rules have hern 
given for this purpofe. The firil is that of Lucas De 
Burgo, in his Summa de Arith. Sic, which is this : 
When one part, as a, is rational, divide it into two 
parts fiich, that their prod tuft may be equal to Jth of 
the number under tl.e radical b ; then fliali the lum of 
the roots of thofc parts he the root of the binomial 
fought: or their difference is the root when the quan¬ 
tity is refidual. That is, if r + e = a, and tisjij 

then is K /c + e = \/a 4- y/b the root fought. 
As if the binomial be 23 + ^448 ; then the parts of 
23 are 16 and 7, and their product is 112, which is jth 
p? 448 ; therefoie the fum of their roots 4 4- ^7 is 
the root fought of 2 3 -f ^448. 

De Burgo gives alfo another rule for the fame extrac¬ 
tions, which is this : The given binomial being, for ex¬ 
ample, ,fc -f t/b, its root will be \/| >fc + \ c — l + 

- 

V \nf c — \tfc — o. — So in the foregoing ex¬ 
ample, 23+^/448, hereof — 23, and </b =r ^4.48 ; 

hence {y/c = 1 and \ V c — b — i \/ 23® — 448 
= jy^S l ~ 4 j- ;_ 

theref. l/ jy/r + ' l S /c — l = p''f 1 i +4I — 4/ 16 ~ 4 » 

and >/\tfc — it/c — b x= 1/1 if — 4i 22 K /q j 
confeq. 4 + >f 7 is the root fought, as before. 
Again, if the binomial be 18 4- ^/io; here e=z 18, 

and . 
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sndt=io; thcrcf. $fc = -J18 = it/*t sod 

1 fc—b as f v^8 = S 1 » hence, 

=v/r7r+7* = -/i-/* = 

J/ —, and 
^ 2 

V / l v / ‘-iv^3= V / 'i A /2-v'2 = v'i*/' 2 = Vi i 

etinfeq. V~ + V~~ or ~ > s tl,e root °f 

^/jS 4- A /io fought. And this latter rule has been 
tiled by all other authors, down to the prefent time. 

To ext raft the Cubic and othir higher Roots of a JBino - 
mi ah This is uieful in rcfolving cubic and higher equa¬ 
tions, and was introduced with the refolution of thofe 
equations by Tartalca and Cardan. The rules forfuch 
extractions are in great mealure tentative; and fomc of 
the piincipal ones are the following. 

'Tart aba’s Rule for the Cube Root of a Binomial p + q. 
This rule is given in his qth booh of Mifccllatieous 
(jut (lions, queit. 40 ; and it is made out from either of 
the terms, p or q, of the binomial, taken fingly, in this 
manner: Separate either term, as />, into two fuch 
parts that the one of them may be a cubic number, 
and the other part divilible by 3 without a remainder; 
then the cube root of the faid cubie part will be one 
trim of the root, and the other term will be the fqtiarc 
mot of the quotient ariling from dividing the afore- 
faid third part by the livll term juft found. So if p be 

divided into r 3 + ‘is, then the root is r -f- . For 

r 

example, to extraft the cube root of fia% + ,0 * 
Suppofe the part 10 be taken : this feparates into the 
parts 1 and 9, the former of which is a cube, and the 
latter divilible by 3 ; that is r 3 = 1, and 32 = 9; 

hence r = 1, and s = 3 ; confcquentiy r-4 f— 

= 1 4- Si is the cubie root of */ic8 + 10 
fought. Again, to ufe the other term f 108 : this 
divides into f iq + 4/27, of which the former is a 
cube, and the latter diviftble by 3 ; that is,/-* = V 2 7> 
and 3/ =--• V 2 7 5 therefore r= f and s ~ 2 7 

— S 3 alfc: hence r + J— = -J- f~- — 

r Si 

f 3 4 - 1 the cube root, the fame as before. 

JlombellVs Rule for the Cubic Root of the Binomial 

a 4 * f ~b. Firft find \/a■■ 4- b ; then, by trials, 
iearch out a number r, and a fquare root v'd, fuch 

that the fum'of their fquarcs <* -4 <1 be =r. a‘ 4- b, 
and alfo c 3 — 3 cd be — a ; then liiall c 4- S ~^be the 
cube root of a -f- f — b fought. For esample, to 

find the cube root of 2 + •*/ — 121 : here \/ a 1 + 0 = 
V ,2 5 = 5; thim takiiig t e: 2, and d — t, it is 
«* 4- d ~5 = \/a l +h, and c 3 — 3 cd =8 — 6=2 = 0, 
as it ought j therefore 24 v' — 1 is the cube root of 

2 + f — 121 fought.—Bnmbclli gave alfo a rule for 
the cube root of the binomial 0 4- fb, but it is 
good for nothing. 

Albert Girard’s Rule for the Cube Root of a Binomial. 
This is given in his Invention A ou-velle cn J’Algebre t and 
is explained by him thus: Let 72 4 f$i2Q be the 
given binomial vvbofe cubie root is fought. 


The fquare of 72 the greater term is 5184 
and of the lefs term is 5120 

their difference 64 

its cube root 4, 

which 4 mud be the difference between the fquare* of 
the two terms of the root fought; and as the rational 
part 72 of the given binomial is the greater term, there¬ 
fore the rational part of the required root 
will be the greater part alfo; confequently 2 -4 fo 
the cubic root fought muft be one of tlrt 3 4- V? 
binominals here let in the margin, where* 4-4 V 12 
the difference of the fquarcs of the terms 5 4- fxo. 
is always 4J as requited ; and to laid out 
which of them it muft be, proceed thus: The firft, 

2 4 - V? muft be rejcfled, bccaufe one term of it is o 
or nothing 5 alfo bccaufe 5 exceeds the cube root of 
72, or fza exceeds the cube root of 4/5120, there¬ 
fore j 4- f 20, and all after it muft be rejected too ; 
fo that the root muft be either 3 + f J or 4 -f- V I2, 
if the-given quantity has a binomial root: to know 
which of thefe is to be taken, it muft be con fide red 
that the rational term of the root muft mealure the ra¬ 
tional teim given ; and alfo the irrational term of the 
root muft meafnre the irrational term given; then, 
on examination it is found that both 3 and 4 mcafure or 
divide the 72 without a remainder, but that only the 
■v/J, and not •/12, meafures 4/5120; confcquentiy 
none but 3 -f~ \/S can be the cube root of the given 
quantity 72 4- Ss l2 ° 5 which is found to aufwcr, by 
cubing the faid root 3 4- Si- 

Dr. JVallii *s Rule for the Cube Root of a Binomial 
a sfc mfb or a dt rnf — b. In thefe forms the great- 
ell rational part in is ex trailed out of the radical part, 
leaving only b the lcaft radical part poffible under the 
radical fign. He then obferves that if the given quan¬ 
tity have a binomial root, it muft be of this .form. 
c ±: nfb, wirh the fame radical b. Then to find tiic 
value of c and «, he raifes th is root to the 3d power,, 
which gives c 3 + 3 ctdb ± 3<*« 4- tdb * fl, which 
muft be = a dr mfb the given quantity ; lienee 
putting the rational part of the one quantity equal to 
that of the other, and alfo the tadical part of the one 
equal to that of the other, gives <•* -4 3 ctdb — a, and- 

3 An -4 n-b — m. Then airuming feveral values 

of «, from the lull equation he finds the value of 
r; hence if thefe values of r and /;, fubilituted in- 
the full equation, make it jult, they are light; but 
if not, another value of n is afi’unied, and fo pit,, 
till the firft equation hold true. And it is to be 
noted that n is always an integer or elfe the half of an 
integer. For example, if the cube root of 135 ±: 
^1825 be required, or 135 ± 78^3 j here a = 135, 
m — 78, and b = 3 ; hence v’/i 4- » 3 ^ — m is 3r J n -4 
3«* = 78, or r*n 4- n J = 26; then afluining n = 1 , 
this laft equation becomes r l -4 1 = 26, from whence 
r is found = q ; which values of c and « being fublti- 
tuted in -the lirft equation t 3 4* — a. makes 

5 3 4* 3* 5.3 — 170, but ought to be 13;, flicwing that 
c is too great, and confequently n taken too little. 
Let n therefore be affunied = 2, fo lhall u x 4- 8 = 26, 
and c — 3 ; and the firft equation becomes 3 3 +3.3. 
2 1 .3 — 27.5 = 135 = 0 as it ought, which (hews 
that the true value of n is 2, and that of c is 3 ; hence 
then the cube root of 135 dt 78^/3 or c i n fl is 
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5 ± 2 v'3 or 3 ± •/it. And in like manner is tlie 
procels inftituttd when the number in the radical is 
negative, as the cube root of 8i dt 30^—3, which 
i 1 |±!V-J. • 

Another rule for extrafling the cube root of an ima¬ 
ginary binomial was alfo given by Demoivre, at the end 
of Sflundcrfon’s Algebra, by means of thetrifeflion of 
an arc or angle. 

Sir 1 . Newton's Rule for any Root of a Binomial 
a ± b. I11 his Univerfal Arith. is given a rule for the 
fquare root of a binomial, which is the fame as the ad 
of Lucas de Burgo, before given ; and alfo a general 
rule for any root of a binomial, which I have not met 
with elfewhcre ; and it is this: Of the given quantity 
a dz h, let a be the greater term, and c the index of 
the root to be rxtrafted. Seek the leaf! number n 
whofe power » c can be divided by aa—bb without a 
remainder, and let the quotient be q\ Compute 

a + b . ,/q in the neareft integer number, which 
c all r; divide a^/q by its greateft rational divifor, call¬ 
ing the quotient s ; and let the neareft integer number 

f <1.2 ft “4“ ^ ft 

above —' be t: fo (hall— : - - — — - be the root 

it Vf 

fought, if the root can be extrafled. And this rule is de- 
monftrated by s' Grave/,anile in his commentary on New¬ 
ton’s Arithmetic. And many numeral examples,illuftra- 
ting thi$iule,nregiven in s’Gravefande’s Algebra, above- 
mentioned, pa. 160, as alfo in Newton’s Univcrf. Arith. 
pa. $3 2d edit, and in Maclaurin’s Algebra pa. ti8. 

. Other rules may be found in Schootcn’s Commen¬ 
tary on the Geometry of Defcartes, and elfcwhere. 

hnfiqfible or Imaginary Binomial, is a binomial 
which has one of its terms an impoilible or an imagi¬ 
nary quantity ; as <1 + •/— b. 

Binomial Curve, is a curve whofe ordinate is ex- 
prefied by a binomial quantity ; as the curve whole or* 

___ e 

dinate is X b + dx^.. Stirling, Method. DifF. pa. 

58. 

Binomial Theorem, is ufed to denote the celebrated 
theorem given by Sir I. Newton for raifing a binomial 
to any power, or for extrafling any root of it by an 
approximating infinite feries. It was known by Stife- 
Hus, and others, about the beginning of the 16th cen* 
tury, how to raife the integral powers, not barely by a 
continued multiplication of the binomial given, but 
Stifelius formed alfo a table of numbers by a continued 
addition, which (hewed by infpeftion the coefficients of 
the terms of any power of the binomial, contained 
within the limits of the table ; but ftill they could not 
independent of a table, and of any of the lower powers, 
raife any power of a binomial at once, by determining 
its terms one from another only, viz, the 2d term from 
the 1 ft, the 3d from the 2d, and fo on as far as we pleafe, 
by a general rule; and much lefs could they extraft 
general algebraic roots in infinite feries by any rule 
whatever. 

For although the nature and conftruflion of that 
table, which is a table of figurate numbers, was fo 
early known, and employed in the raifing of powers, 
aud the extrafling the roots of pure numbers; yet it was 
only by railing the nnmbers one from another by con 
tinual additions, and then taking them from the table 
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when wanted, till Mr. Briggs firft pointed out the way 
of raifing any line in the table by itfeflj^* without any 
of the preceding lines; and thus teaching to raife the 
terms of any power of a binomial, independent of any 
of the other powers; and fo gave the fubflance of the 
binomial theorem in words, wanting only the algebraic 
notation in fymbols; as is (hewn ’ at large at pa. 7 $ 
of the liiflorical introduflion to my Mathematical 
Tables. Whatever was known however of this matter, 
related only to pure or integral powers, no one before 
Newton having thought of extrafling roots by infinite 
feries. He happily difeovered that, by confulering 
powers and roots in a continued fairs, roots being as 
powers having fraflional exponents, the fame binomial 
feries would equally ferve for them all, whether the index 
fhould be fraftional or integral, or whether the feries 
be finite or infinite. The truth of this method how¬ 
ever was long known only by trial in particular cafes, 
and by induction from analogy; nor does it appear that 
even Newton himfelf ever attempted any dived proof 
of it: however, various demonftrations of the theorem 
have fince been given by the more modern mathemati¬ 
cians, fome of which are by means of the doflrine of 
fluxions, and others, more legally, from the pure prin¬ 
ciples of algebra only : for a full account of which, 
fee pa. 71 Ac, of my Mathematical Tracts, vol. 1. 

This theorem was firft difeovered by Sir 1 . Newton 
in 1669, and fent in a letter of June 13, 1676, to Mr. 
Oldenburgh, Secretary to the Royal Society, to be by 
him communicated to Mr. Leibnitz ; and it was in this 


- ™ m tn - 

form: p + pq\ m —p" H- aq-\ - 


m — 2n 


+- dq -f- Ac: where p -f- pq fignifies the 

. 

quantity whofe root, or power, or root of any power, 
is to be found ; p being the firft term of that quantity ; 
q the quotient of all the reft of the terms divided by 

that firft term j and — the numeral index of the power 

or root of the quantity p 4- pq, whether it be integral 
or fraflional, poiitive or negative; and laftly a, b, r, d, 
&c, are afiumed to denote the feverai terms in their 
order as they are found, viz, a = the firft term p "• 

b s= the 2d term — aq , c = the 3d term n lIZ ! 1 w 
n in * 

and fo on. As Newton’s general notation of indices 
was not commonly known, he takes this occafion to 
explain it; and then he gives many rxamples of the 
application of this theorem, one of which is the fol¬ 
lowing. _ _ 

£x. 1. To find the value of V'V* + x* or e t + *■*)** 
that is, to extrafl the fquare root of r* + x* in an 
• > • 

infinite feries. Here p = c 1 , q = —, m = i,and 

m fpj 

n =r 2 ; therefore a — p~« = < b = —aq 


and therefore 


JC* A* 

the root fought is r + — •—grj- 
+ Ac. 


A variety 
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A rarict jfqfother examples ■*» 'aHb r*W* in the 
fame place, lip^wbicb.. it is.fltewh .that thdtheorem^s 
■ of imiverfal application to all forts of q ndi i f ts fefc s- | what» 
ever. ’' ’' - ’ /-f.V• - . •* 

This theorem is fometimei reprefcntcd in Other 
forms, as * ... *' ' 

Iff » — « 

n. * *f 3 * 

»»—*» 

3 " 


t 


ZJL# + ”:SLnS. 

-• * ‘ ‘ n ■< tn 


she reft would be producedby the *o»tinaad*iuUtpU- 
cation of t,he'terms'.of (bteAsiasi •< .? . 

■^Z-g x *±* x fZLi x Uni 

• “For inftance,if the 2d term tn =s 4; theft ftall 

' ' J ., . m — 2 

4 X -, ore, be the 3d term ; «sdo x — 


ji • 4. &c; - which comes to the fame thing. . Or 


1 or 4* the 4th term j and 4 x 




I 

or s, the ytlk 


_ m 


aHb thus 


in— n 

r 


+ =• 

« 

m 

“T 




2fl 


’rV| 


where the binomial is p 4- r 

In another letter to Mr. Oldenburgh, of Oft. s 4, 

1676, Newton explains the train of reafonmg by 
. which he obtained the fold theorem, as follows: " In 
the beginning of my mathematical ftudies, when I 
was perufing the works of the celebrated Dr. Wallis 
(fee his A nth. of Infinites, prop. 1X ft, and 121, alfo 

sfiss SStfri: *•_* 

cle and hyperbola; for inhanse, in this feries of Curves; 
whofe common bafe or axis is x, and the ordinates re- 

_— <i -^ —>ft —_ 4 

fpc&ively I — xx*, 1 — xx\ , 1 — xx* ,1 — xx \, 
j"_ ^ *■ &c; I-perceired-that if the areas of the 


term; andi x T —~ , or0, the""6th; which 

that in this cafe the feries terminates. ' 

"This rule therefore 1 applied to theforiesto be in¬ 
terpolated. Andfince, in die feries for the circle, the 

lx* • * • • 

ad. term was =-j- I put m \ f which., produced 
the terms f x --or — -x ; — X -—- or 

X • O ’ 5 J 

1 | 1 mi 1 e 

+ -rj + 7X — - or '—~ ; and fo on ad m- 

10 10 4 12b 

finitum. And hence I found that the required area of 


ft' 


r 4 r** 


** An An the Ian 


— fee. 


alternate curves, which 
are x, 

w - fr*, 

X~$x* + ■?**, ’ 

X — J#* + — y* 7 , 

fee; could be interpolated, we ihould obtain the 
areas of the intermediate ones; the firft. of which, or 
* 


1 — xx \, is the area of the circle: now in order to 
this, it appeared that in all the feries^the firft term was 
re; that the ad terms ?■*■*, } jc ! , $.**, &c» were 
in arithmetical progreffion;. and confeqUently that the 
firft two terms of all the feries to be interpolated would 
be 

*• I k* m~. I x* 


X — 


X 
* ' 


X — • 


fee; 


** Now for the interpolation of the reft, I confidered 
that the denominators i, 3, 5, 7, &c, were in.arith¬ 
metical progreffion; and that therefore only the nu¬ 
meral coefficients of the numerators were to be invef- 
tigated. Hut thefe in the alternate areas, which are 
given, were the fame with the figures of which the 
Several powers of it confift, viz, of n°, ll* f 11*, 
zi s fee; that is, the firft I, 
the fecond I, 1 
the third 1, 3, I 
the Fourth i, 3, 3, I 
the fifth 1, 4, 6, 4, t 
fee. 

” I enquired therefore how, in thefe feries, the reft of 
the terms may be derived from the firft two being given; 
and I found that by putting m for the 2d figure or term, 
. Voi,. I. 


7.9 

in the lame manner might be produced the 
interpolated areas of the other curves: as alfo the area 
of the hyperbola and the other alternates in this Aries 

J + -taI , I + f x + xx) , 1 4- , * c * 

And in the fame way alfo may other feries be interpo¬ 
lated, and that too if they foould be taften at the dlftanoe 
of turn qr more terms. 

“ This was the way then in which I firft entered upon 
thefe fpeculations; which I ihould not' have remem¬ 
bered, but that in turning over my papers a few weeks 
fince, I chanced to caft my eyes on thofe relating to 
this matter. 

' “ Having proceeded fo far, I confidered that 

_a __ + a tnc 

terms I — #*'1, 1 — jrx), 1 — awl , 1 — scaI , ®* c » 
that is, 1 

I — ** , 

1 — 2jr* 4* * 4 

* — 3-r* + 3* 4 — **, fee, might be interpo¬ 
lated in the fame manner as the areas generated by them: 
and for this, nothing more was required .but to omit 
the denominators x, «, 5,7, fee, in the terms cxpreflTng 
the areas; that is, the coefficients of the terms of the 

_ Jt l 

quantity to be interpolated, i—awlor i~xx \, or 

...... n 

generally 1 — xx^ , will be produced by the continued 
multiplication of the terms of this fortes 

m — l m — z a —J . 

-- X - X - 2 fee. 

* 3..4 


m X 


«< 


Thus, for example, there would be found 


1 — xx) = 1 — 4.** — T tj fee, 

1 — aw) I — y .V* — y .% 4 — -ft 3 cc» 
£ c 


Tima 
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" Thus then. I difccrvered a general metliod of re¬ 
ducing radical quantities into infinite feriet, by the the¬ 
orem which I fentin the beginning of the former letter, 
before I knew the fame by the extraftion of roots. 

*#bt having diftovered that way, this other could 
not long remain unknown: for, to prove the truth of 
tbofir operations, I multiplied 

I — i x* — a® See, by itfelf, and the produft 

is i — **, all the reft of the terms vanifiling after theft, 
in injtnihm. In like manner, 

i — f a* — 4 ** — -fa ** ice, twice multiplied by it¬ 
felf, produced t — s'. But as this was a certain proof 
of thole eondufions, fo 1 was naturally led to try con¬ 
versely whether thefe feries, which were thus known to 
be the roots of tliequantity i —x*, could not be eatrafted 
out of it after the manner of arithmetic; and upon trial 
I found it to fucceed. The procefs tar the fquarc root 
is here fet down 

i - A * (i — x**_ lx* - ate 

i 


o -** 

— x* + i x* 



i. Ferrari*t Method for Biquadratic Eqnationrt 
The firft refolution of a biquadratic equation was 
given in Cardan's Algebra, chap. 39, being the inven¬ 
tion of his pupil ami friend Lewis Ferrari, about the 
year 1 540. This is effefted by means of a cubic equa¬ 
tion, and is indeed a method of deprefling the biqua¬ 
dratic equation to a cubic, which Cardan demonftrates, 
and applies in a great variety of examples. The prin¬ 
ciple is very general, and confifts in completing one fide 
of the equation up to a fquare, by the help of fome 
multiples or parts of its own terms and an aitutted un¬ 
known quantity $ which it is always eafy to do ; and 
then the other fide is made to be a Square alfo, by af> 
fuming the produft of its lft and jd terms equal to 
the fquare of half the ad term; for it confifts only of 
three terms, or three different denominations of tine 
original letter; then this equality will determine the 
value of the aflumed quantity by a cubic equation: other 
circnmflances depend on the artift’s judgment. But the 
method .will be farther explained by the following ex¬ 
amples, ext rafted from Cardan’s book. 

Etc. 1. Given a 4 -|- 6x* -f 36 — 6ox, to be rcfolvcd. 
Add 6x* to both tides of the equation, fo fhall 

x 4 + 12x* + 36 or x 1 -f- 6^ s= fix* + 6ox. 

Afliime y, and add x* + 6. 1 ay -by* to both Tides, then sm 
x* -f- 6^* -{- x* + 6 . ay + y* = 6x* + 6ox + 


“ Theft methods being found, I laid afide the other 
way by interpolation of ftries, and ufed thefe operations 
only as a more genuine foundation. Neither was I 
ignorant of the reduftion by divifion', which is fo much 
cafier.” See Collins’s Comnurrium Epiflolicum. 

And this is all the account that Newton gives of the 
invention of this theorem, which it engraved on bis 
monument in Weftminltcr Abbey, at one of his great- 
eft difeoverie*. 

B 1 PARTIENT, is a number that divides another 
into two equal parts without a remainder. So a is a bi- 
partient to 4, and $ a bipartient to to. 

BIPARTITION, is a divifion into two equal parts. 

BIQUADRATE, or Biquadratic Power, it the 
fquarco fquare, or 4th power of any number or quan¬ 
tity, Thus lfi i< the biquadrate or 4th power of 2, or 
it is the fquare of 4 which it the 2d power of 2. 

Biquadratic Root, of tny quantity, is the fquare 
root of the fquare .root, or the 4th root of that quan¬ 
tity. So the biquadratic root of lfi is 2, and the biqua¬ 
dratic root of $t Is 3. 

Biquadratic Equation, is that which rifes to 4 
dimenfions, .or in which the unknown quantity rifts to 
the 4B1 power; as x* «+■ ax* + £x* + « + a ~ o. 

Any biquadratic equation may be conceived to be 
generated or produced from the continual multiplication 
of fonr fi mpl c equat ions , _____ 

asx — p X x — q X x — r X x — x 2= O j 
or from that of two qu adratic eq uations, 
ai ,**^ 4 - px + q X x* + rx + t ss O ; 
or , laftly , fro m that of a cubic an d a Ample equation, 
as x — p X x* + qx* + r* + / = 0 : which was the 
invention of -Harriot, And, on the contrary, a biqua¬ 
dratic equation may be refolved into four Ample equa¬ 
tions, ortdlo two quadratic*, or into a cubic and 4 tem¬ 
ple equation, having all the fame roots witfc^» 


x* 4* 6 • 2y + y*, or x* -j- 6 4- yl* ss 6 + ay. xb 
4 - 6ox + 12y 4 - y*. 

Make now the 1 ft X 3d term s s h fq. 2d, 
this gives 6 4 - *y • 12 Jt + y* • x* as 90OX*, 
or y J 4- 1 jy* 4- 36y = 450; and hence 


y = 4/287$ 4 - \/&044pl + Vi BtT-^ 04491 .- J- 
From which x may be found by a quadratic equation. 

Ex. 2. Given x 4 = x 4. a. 

Before applying Ferrari’s method to this example. 
Cardan refolves it by another way as follows: fuhtraft r, 
then is x 4 — 1 ss x 4- t ; divide by x 4* 1, then is 
xi — x* 4- x — 1 s I, or x* -f- x = x* 4- 2; and 
hence " 


= + 42 - ’J -il + 

v aoi6 54 2916 54 

But to refolve it by Ferrari’s rule : 


Becaufe a 4 ss x 4 - 4 *. therefore 


x 4 4-- 2yx* +y* or ** 4- Jl* = *yx* -f x 4- 2 4- y*; 
hence 2>*jfjy =• oryJ 4- 2y =s J ;j»nd the root is 

, = K/^^21+1 _ I . 

* '’0912^16 6912 16* 

by mean* of which x is found by a quadratic equation. 
Ex. 3. Giveu a 4 4 - 32** 4- 16 s = 48x.--.Add 240, 

then x 4 4- 32X* 4 * *56 or x* +”16)* =s ^8x 4- 240 j 
c omplete fquare a gain, the n 

x* Hh i6\* 4- ay. x* 4-16 4 - y* = ayx* + 48X + 


y* 4 - s*y 4 - 240; 

make the laft fide a fq. by the rule, which gives 
y 3 4 - 3ay* 4 - 2407 = 24 x 12 = 288. 

Put now x =y +20), and the laft transforms to 
as* ss 101 j* 4- 420jf; then the value of « found 
from this, gives the value of y, and hence the value of 
*, at before. 

2 * Def 
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2. Defcaries’s Ride for Biquadratic Equations. 

. Another folution wti given of biquadratic eq»| 
by Defcarteq, in the 3d booh of'hit Geometry, 
tlii* folution he refolvea the given biquadratic equation 
into two quadratics, by mean* of a cubic equation, in 
this manner : Firil, let the ad term or 3d power be takqn 
away out of the equation, after which it willftand thus, 

» x 4 + px* + qx + r sb. o. Find y in tbi# 

cubic equation y® -J- tyf* — £rjy* — q* sxOf and then 

lf + 

x* + yx + {y* + 


aft, 

ad. 

3 d * 

4th 
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- 4 + 44 * 4 - -f. 
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Simpfon*s Rule for Biquadratic Equations? 


the value* of 
x in thefe 
two quadra* 
tics. 


•yx + \y* + 


X = 
ay 

9 


~ 2 y 

roots of the 


gireo 


o. 


o. 


and thefe values of x will be the 
biquadratic equation. 

Ex. Let the equ. be x 4 — 17.** — aow — 6 
Hence /> = — 17, q ~ — :o, Sc r = — 6; 
and the cubic equ. is x® — 34y 4 + 3 «3 y* — 400 
the root of which isy* = 16, ory a* 4 ; 
lienee the two qua* fx* — 4X — 3 = 0 
dr a tics are - (x* + 4# + 3 = O, 

the four roots of which are 2 =fc t/q and — 2 ± y/z.' 

3. Ruler’s Method for Biquadratic Equations, 

The celebrated Leonard Euler gavc, in the 6th 
volume of the Peteriburgh Ancient Commentaries, 
for the year «738, an ingenious and general method 
of refolving equations of all degrees, by means of 
the equation of the next lower degree, and among 
them of the biquadratic equation by means of the 
cubic; and this fall was alfo given more' at large in 
his treatife of Algebra, trandated from the German into 
French in 1774, in 2 volumes 8vo, The method is 
this: Let x 4 — ax* —— esc, be the given bi¬ 
quadratic equation, wanting the 2d term. Take /as 
*■ a, g as T V«« + Jr, and h as r \ U f with which*values 
off, g, h, form the cubic equation *J — fit* + gx — 
h = o. Find the three.roots of this cubic'equation, 
and let them be called p, q, r. Then ihall the four roots 
of the propofed biquadratic be thefe following, viz, 

When {£ is pofitive : 
ift. V/ + f9 + v'r 
2d. >fp •+• ifq — i/r 


3d. Vp — 
4 th. v'/ - 


•/q 4- ifr 
V'f “ V> 


When f h is negative: 

•/f + •/* - V r > 

vP — Vq + *fr t 
** •/P + »/q + i/r% 
■ - - Vq - i/r. 


Ex. Let the eq. be x 4 — aex* 4. 6ox — 36 ss o. 
Here a aa 25, is - 60, and c = 36; 

theref .fxz + 9 = and h s: 

Confeq. the cubic equation will be 

(i — 4 

2 16 4 

The three rents of which are 

z 2 —p t md 8*48: j, and * *e — == r j 

the roots of which are 4// *■» |, vV «= a or y'rss 4. 

Hence, as the value of {b is negative, the four foots 
arc 


«-^=* 


Hence, finally, the root x will be ob- 


Mr. Simpfon gave alfo a general rule for the folution 
of biquadratic equations, in the. ad edit of his Algebra, 
pa. 1 jo, in which the given equation it alfo refolved 
by means of a cubic equation, as well as the two former 
ways; and it it inveftigated on the principle, that the 
given equation is equal to the difference between two 
lquares : being indeed a kind>of ^generalization of Fer¬ 
rari’* method. ' 

Thus, he fuppofes the giveheq uation,viV, 
x* -f px* + qx* + M + x*4- jfx + A.V* — 

Bx + CY 1 then frptn a'comparifon of the like terms, 
the values pf the affumed letters are found, and the final 
equation becomes 

A* — ijA* + iA -n {1 — o, __ 

where h—{pr — j, and / = Jr* + s. \p*— q. 

The value of A being found in this cubic equation, 
from it will be had the values of B a nd C,. which have 
thefe general values, viz, B = </TA -f- Jpf — q, an d 

C - f A ~ r 

t ained f rom the affumed equation ** Hh tP* d" A}* — 
Bx + Cl* =* o, or. x* + jpx + A s ± Bx ± Ci 
in four feveral values. 

Ex. Given the equ. x 4 — 6x* — 58** — 114* — 11 

= 0. 

Here p <*» —6, q * — 58, r = — 114, and j «=* — 11, 

whence _ • 

i or $pr — jss 182, /or|r* + s. Ip* — $=» zjl i% 
and therefore the cubic equation becomes 
A* + 29A*4*_ i 82A — 12jfi a= o, 

the root of which is A — 4. _ 

Hence then B or 4/aA 4 • ip* —q=s 4/75, and C 
pA — r.» , , 

and the quadratic equation becomes 
x* — 3* 4- 4 = ± * 4^75 £ y/27 , the four roots of 
which are * = ii ± *iV 3 + s / J 7 ± ttiv'S* 
and x = t i ± zifi - 

Mr. Simpfon here fubjoins an ohfemtion' which it 
has finoe been found is erroneous, viz, that “ The value 
of A, in this equation, will be catmenfurate and rational 
(and therefore the caftcr to be.difcovered), not only 
when all the roots of the given equation are commsnfurate, 
but when they are irrational 2nd even ifoMRMr j as will 
appear from the examples fubjoined,” This » a*ftrange 
reafon for Simpfon to give for the proof of a propo¬ 
sition ; aad it 1* wonderful that he fell upon no exam¬ 
ples that difpreve it, as the inftances in which it holds 
true, are vcyy few indeed, in eopparifen rarith the ' 
number of tnofe in which it foil*. __ 

Note.- In any biquadratic equation having all ita 
terms, if f of the fquare of the coefficient of the 2d 
term be greater than the pvoduft of the coefficients of 
the ift andgjd terms, or | of the fquare of the coefficient, 
Btt of 
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if either of th^ fa«! part* of thpfe fquares he\fa than 
etther of thofe produdls, thecquafion will haye ima- 
giowy root*. , 

r „ }b* Con^ru^jpn of,biquadratic equations, fee 
C*njrua,<m. See aIfo JPeficertet*! Geometry, with the 
Scboote* and other., Baker's Ccometri. 
iTU m**'* M t fohbium S PHafpitaVs Conic See 
* * "' a \P** * Element# Matkejeot} fife, 

»»QP*l>**sriC Parabola, a curve of the ad order, 
having two mfimte lcgs, and expreffed by one of thefc 

IlirCC CfliiAfmtia art* * 


[• iu ] B t A 

t _of lJuitd. a x fim la-A/* XjiljV, *[:*6ee Ctt»w iA*«, an<| 
lefquare of GEotMiraiqAt Linu, * 

Iicp&duft Br^TINTILK. te trad of the planet* when the 
hett Si! the diflanee between them it 144 degree* or twice the 


equations, viz, 
ahe ss y*- , *, | n 

aht'^y* ~ „*/>, „ in 


„ r» 

_ in %• a, 

.*** ® J*. ~ + i .jr* —aty\ as in fig. 91 

where AP the abfdfs, y = P^fh/ ordinate, 

ikf * ** A •* • an “ 485 * certain given quan- 





, ®ut, the moil general equation of this curve is tlie 
Nuomag, which belongs to fig. 4, vht, 



4 r s! **+ I** + ex* + dx + et • 
where xsst Af or AP the abfcifs, and — y or + v U 
the wdinate pm t or PM, alfo a, b,t, d, e, arc conftant 
SSIKff'*. *b« beginning of the abfetfs being at any 
#:,A 1ft the indefinite Tine AP. 

“f» tbe beginning of the abCcifs A be where this 
the curve, m in fig. 5, then the nature 
rf lfte curve wffl be defined by this equation a x pm 
**¥. x Cp x Dp, wherever the point t is 
*&«» m the infinite line JfcB. * 




Wbart^Se curve W «o ftrpentine parti usfig. 6 , 
the equation it more fimple, bong in tlua «ifc barelp 


diflanee between them it* 144 decrees, 
jth part of 360 degrees.- • •/ 

' BISECTION, or Bissncrion, the < Wfion of a 
quantity Into twoerfuaipartr, otherwife call edbipor/ition. 

■BISSEXTILE, or ‘Leejnytar, a year confiding of 
366 days,-and happeni^ every 4th year, by the ad- 
dition of a day in the month of February, which that 
year cbnJifls of zy day*. And this is done to recover 
the 6 hours which the fnn takes lip nearly in his corn fc, 
more than the days commonly allowed for it in 
other years. 

rhe day thus added was by Julius Ctefj*' appointed 
i«> be 1the day before the 24th of February, whh’h ■> none 
the Romans was the 6th of the calends, and wlir '1 on 
this occafmn was reckoned twice, whence it was e lkd 
the biffcxtik. 

. By the rtatntc Dt anno bifxtile, 21 Hen. Ill,, , r . 
vent mifunderftandir "s, the intercalary day and ;h :• 
next before it ar to ue accounted as onedav. 

To fisid what year of the period any given year is, 
divide the given yea by 4; then if o remains, it i 9 . 
leap year, but if any thing remain, the given year i- 
lo many after leap year. 

But the aftronomers concerned in reforming the ca¬ 
lendar in 1582, by order of pope Gregory ^IIJ <,b- 
lervfng that in 4 years the hiffcxtile added 44 mi nt*t 
more than the fun .pent in returning to the Ln.e poi.it 
of the ecliptic ,• anu computing that in 133 j ears »h t fe 
fuperntrmorary minutes would form a day ; to prevent 
-ny changes being thus infenfilrly introduced into the 
feafons, dxrefted, that in the courfe of 400 years thei r, 
mould be three fextiles retrenched i & that every cen- 
tefimal year, which it a leap year according to the 
Julian account, is a common year in the Grego ian 
account, unlefs the number of centuries can be divided 
"L. 4 F'thout a remainder. So 1600 and , -JO arc 
btflextile, but 1700, 1800, and 190c -c common 
years. . , 

The Gregorian computation has been received in 
moft foreign'countries ever fincc the reformation of the 
calendar m 1581 {excepting feme northern countries, 
as Ruffin, &Ci- And by aft of parliament, pafftd in 
1 75 1 > 11 commtsiced in all the dominions under tl^ 
crown of Great Britain in the year following; it beinir 
ordered by that aa that the naturalday next following 
the. 2H of September, fhould be accounted the 14th : 
omittingthf irtteraicdiate it days of the common ca! 

*l h l3^* , ? ,rtCTa, T r . d *r» in years, being 
ad *lf the «Hl the month February, and called the 
2 ^th of that monun 

or rather a privation 
w all colour.. This, it feeraa, arifcs from fuch a pe- 
cbhar texture and fituation of the fnperficial parts of a 
black body, that they abforb alf or moft of the rays of 
hgfe, reflecting little or ndne to the eye t .and hence it 
happens that black bodies, thus imbibing the rays, are 
always found to be hotter than thofe of a fighter colour, 
j franklin Obferves that black cloaths heat more, and 
[on than white dosths; that there- 
fore-black is d bad coipnr for cloaths in h*t climates 1 
puc a fit colour for the linings of ladies* funnier hats $ 

and 



*nd that a chimney painted black, Jnmplcd to 
the fun, will dtawmore ftrongly, Pranklra's Expcrim.• 
&c,—Dr. WatfbiH, tke-prefcn* biiWof La a ds itfc co¬ 
vered-the bulb of at thermometer with a,f^«eh*ooatM>g' 
of Indian ink, and the conf^ueiKc wife that |he tner» 
cury rofe x© degrees higher.. Philof. TraHf. vol. 63, 
pa. 40.—And a virtuoio of unfufpefted Credit allured 
Mr. that ii * ” ‘ " 


application *nd,Mco&. A%r «life thus fpent 
a*d 4 n aAs ofbenevofence to oil around him, he die® 
in the year 1611j and was barfed at Heading 1 brfbo. 
church of dt. Lawreace, where a faqtptaous monti- 
•ment was ereAed to hit Memory. * ; 

He feft-the balk of hit fortune to the poffetfpfef'hfe, 
three brothers, which were very n uratrotK. ^There 
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of eggt, and expofing them to the fun, be bad feen 
them thus well roafted in * (bort time.. 

BLACKNESS, the quality of a black body, ft to 
colour.; ariiing from its ft tiling or abforblng the rays of 
light, and rcfleAing little or none. In which fenfc it 
Hands directly oppofed to whitenrfs; which confiftt in 
ftich a texture or .parts, as indifferently rcfleAs all the 
trays thrown up*n it, of whatever colour they may be. 

Dcicartes, it feems, firft rightly diftinguiihed thefe 
cn-ifes of black and white, though he might be miftaken 
with rcfpeA to the general nature of light and colours. 
»■•• .ir Dane Newton (hews, in his Optics, that to pro¬ 
duce black colours, the corpufcks mud be fmallcr than 
fer exhibiting the othc colo^; s, Vcaufe. w’ ere the 
fizes of ihe component particles o' z body are greater, 
the light reflected is too much for comlituting this co¬ 
lour : but when they are a litUc fmallo- than is requifite 
to refleA the white, and wry faint blue of *h'* firft 
order, they will refleA fo little light, as ,t-> appear in- 
trnfely black; and yet they may perhaps refleA it 
v.rioufly to and fro within the*, fo long, till it be (lifted 
^.nd lo.i. 

And hence, ;t appears, why fire, or putrefaAion, 
by dividing the particles of fubftances, turn tltem bLk.' : 
why final! quantities of black fubftances impart t' -ir 
colours very freely, and intenfely, to outer fubftances, 
to which they ere applied; the minute particles of thefe, 
on account of their very great number, cafily overfpread- 
Ingtliegrofspai ticks of others.-. Hence it alfo appears, 
why glafs ground very elaborately on a copper plate 
with laud, till it be well poliihed, makes the (and, with 
what is . bbed off from the copper and glaft, become 
very buck s alfo why- blacks commonly incline a little 
towards a blueifu colour ; as may be feen by illuminating 
white paper with light refit-Aca from black fubftances, 
when the paper ufually appears.pf a blueiih white; the 
rcafon of which is, that black borders on the obfcurc 
blue of the firft order of colours, and therefore rcfleAs 
more rays of that colour than of any other: and laftly 
why black fubftances do< fooner than others become hot 
in the fun's fight, and burn; an eficAwhich may pro¬ 
ceed partly from the multitude of refraAtona in a little 
fpacc, and partly from tlie eafy commotion among fuch 
minute part teles. 

BLAGRAVE (John), aneminent mathematician, 
who flourifticd in the 16th and 17th centuries. He 
was the fecoud Ton of John Blagrave, of Bulmarih- 
court near Sunning in Berk (hire, tlefcended from an 
ancient family in that country. From a grammar 
fchool at Reading he was feat to St. John’s college in 
Oxford, where he appliedkinuelf chiefly to the uudy 
of mathematics. From .hence he retired to bis patri¬ 
monial feat of Southcote-lodge near .Reading, -where 
he fpcnf the reft of his life, in a retired manner, with¬ 
out marrying, that. he plight haye more kifure to pur-, 
iuc his favourite Audits; which he did with great. 


in private life, for the encouragement of learning, 
the reward of merit, and the relief of diftrefc. Some 
of thefe were the refiilt of a quaint, humorous ■Jr 1 
pofition, difeovered chiefly in nis legacies: One df 
thefe was xo pounds left to be annually difpofed of "in 
the following manner: On Good-friday, the church¬ 
wardens of each of the three parifhes of Reading fend 
to the town-hall “one virtuous maid who baa lived 
five years with her matter t ” there, in the prefeace of 
the magiftratee thefe three virtuous maids throw dice 
for the ten pounds. The year following the two lofers 
are returned with a frdh one, and again the third year, 
till each lias had three chances. He alfo left an an¬ 
nuity to 80 poor widows, who fhouid attend annually 
on Good-fricsy alfo, and bear a fermon, for^ the 
preaching of which he left ten (hillings to the miniftcr. 
He took care alio for the maintenance of his fer rants, 
rewarding their diligence and fidelity, and providing 
amply for their fupport. Thus'it appears he was hot 
more remarkable rot his feientifie knowledge, than for 
his generality and philanthropy. Hit works are, 

x. A Mathematical Jewel. Lend. *585, foKo. 

2. Of the Making and Ufe of the Familiar Staff.. 
Lond. 1590, 4_to. 

3. Aftroiabium Uranicum Generale, Lond. 1596, 

4to. 

4. The-Art of Dyailing. Lond. 1609, 4to. 

BLAIR (John), an eminent chronologift* was cdti- 

cated at Edinburgh. Afterward, coming to London, 
he was for Come time ufher of a fchool in Hedge-lane. 
In 1754 he firft publifhed ** The Chronology and Hi- 
(lory of the World, from the Creation to the year of 
Chrvft 1753 ; Illuitrated in 56 tables. In 1755 * 1C was 
eleAed a fellow of the Royal Society,, and in 1761 of 
the Society of Antiquaries. In 1756 he publiftied a 
2d edition of his Chronological Tables; and in 1 768 
an improved edition of the fame with the addition of 
r4 maps of Ancient and Modern Geography, for il- 
luftrating the Tables of Chronology and Hillary; to 
which is prefixed a Diflcrtation on the Progrefsof Geo¬ 
graphy. In *757 he was appointed chaplain to the 
rrincefs Dowager of Wales, and Mathematical Tutor 
to the Duke ofYork ; whom he attended in 1763 in a 
four th the continent, from which they returned the 
year after. Dr. Blair had fucceffively feveral good 
church livings: as, a prebendal ftall at Weftminilcr, 
the vicarage of Hinckley, and the reAory of Burton - 
Coggles in L!ncolnfhire, aft in X761; the vicarage of 
St. Bride’s in London, in 1771, in exchange for that 
of Hinckley; the teAory of St. John the Evangelift in 
Weflminfter, in 1776, in exchange for the vicarage of 
St. Bride's; in the fame year the rc&ory of Horton 
near CoJebrooke, Bucks. Dr. Blair died the 24th of., 
June, 1.782. # ' 

BLIND, an epithet applied to an.jnjmal deprived 
of the ufe of eyes; or one from wbOTFiighlj Colours,.. 

- ' and - 
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- and all the glorious object* of the vifible,ereatidn, art 

* intercepted by fome nat^rbl or accidental caufe. - 

BLINDNESS, a privation of tlie fenfe of fightJ 
' The ordinary exufes of biindnefs are, fome external 

• violence, vicious conformation, growth of a cataradl, 
. gotta ferrria, finaH-pox, 8cc} or a decay of the optic 

nerve; an in fiance of which we have in the Academy 
rtf Sciences, where, upon opening the eye of a perfon 
Jong blind, it was found that the optic nerve was ex- 
■ tt'emelyfhrunk and decayed, and without any medulla 
:JL The more extraordinary caufes of biindnefs are 
ant flenches, poifonous juices dropped into the 
eye,''baneful vermin, long confinement in the dark, or 
‘.1the like* 

We find, various reeompenfes for biindnefs, or fub- 
ftitutes for the iife of eyes, in the wonderful fagacity of 
many blind perfons, related by Zahnius in his Genius 
j4rtrficialis, and others. In fome, the defeft has been 
fupplied by a mod excellent gift of remembering what 
'they had men before; others by a delicate nofc or the 
■fenle of fmelh'ng; others by a very nice ear; and 
-others again by an exquifite touch, or fenfe of feeling, 
which they have had. m fuch perfe&ion, that as it lias 
been laid of fome, they learned to hear with their eyes, 
tit may be faid of thefe that they taught tbcmfelves to 
vfee with their hands. 

Some have been able to perform all forts of curious 
' works in the niceft and moft dexterous manner. Aldro* 
-vandal fpeaks of a fculptor, who had become blind at 
\so years of age, and yet 10 years afterwards he made 
•a perfect marble ftatue of Cofmo II de Medicis, aad 
another of clay like pope Urban VIII. Bartholin 
fpeaks of a blind fculptor in Denmark, who, by mere 
touch, diftinguifhed perfectly well all forts of wood, 
.and even colours; and father Grimaldi relates an in- 
fiance of t)ie fame kind { befides the blind organift, 
-lately living in Paris, who it was faid did the fame 
•-thing. What feems more extraordinary Hill, we are 
•told, by authors of good report, of a blind guide, who 
■tried to condu& the merchants through the lands and 
defarts of. Arabia: and a not left marvellousinftance 
-is now extiling in this country, in one John Metcalf 
near Manchester, who became quite blind at a very 
early age; and yet pa (Ted many years of his life as a 
waggoner, and occauonally, as a guide in different roads 
-during the night, of when the paths were covered with 
•fnow; and, wnat is ftranger Hill, his prefent occupation 
is that of furveyor and proje&or of highways m dif¬ 
ficult and mountainous parts, particularly about Bux¬ 
ton, and the Peak in Derfoylhire. 

There are alfo many in (lances of blind men who 
have been highly diftinguifhed for their mental and li¬ 
terary talents, not to (peak-of the poets Homer, Mil- 
ton, Oflian, dee; of which we have a remarkable in¬ 
stance in the late Dr. Sanderfon, profeflbr of mathe¬ 
matics in the university of Cambridge, and in the pre- 
dent Dr. Henry Moyes, public lc&urer in philofbffliy, 
■who both of them loft their fight by the unall pox at 
mn age before they had any recollection; thete men 
mere well (killed uj all branches of the mathematics, 
yhilofophj^ pad optics, ftc, which they taught with 
the greatafi^nijputs’t is n; befides the monument of fame 
has left behind him in his mathema- 
«ic«l «and jplxilolipbical wo rks. 


The effedli oT a ftfdden recovery of fight fri facTi as 
lusve been born blind* ere alfo very remarkable-» devoid 
of .the experience of diftance and figure arifing from 
fight, they are liable to the greeted miftakes in this re- 
fpedl, in Co. much it has been faid that they couM not 
difiinguijh by the mere fight which was a cube and 
which a globe, without hrft touching them. Mr. 
Boyle mentions a gentleman of this fort, who having 
been reilored to fight at eighteen years of age, was 
near going diftra&ed with tne joy; fee Boyle's works 
abridg. vol. l. pa. 4. - See alfo a remarkable cafe of 
this kind in the Tatier, N°ec,vol. 1. And the gen¬ 
tleman couched by Mr. Chcfeiden bad «o ideas of co¬ 
lour, fhape, or diftance: though he knew the colours 
afunder in a good light during his blind ftate; yet 
when he faw them after he bad been couched, the faint 
ideas he had of them before, were not fufficient for him 
to know them by afterwards: as t.o diftance, his ideas 
were to deficient, that he thought all the obje&s he 
faw touched his eyes, as what he felt did his (kin j and 
it was a coofiderable time before' he could remember 
which was the dog and which the cat, though often in¬ 
formed, without feeling them. 

BLINDS, or Bjlinpes, in Fortification,, a kind of 
defence ufuaUy made of oziers or branches interwoven, 
and laid acrou between two rows of flakes, about a 
man’s height, apd 4 or 5 feet afunder. They are ufed 
particularly at the heads of trenches, when thefe are 
extended in front towards the glacis ; ferving to de¬ 
fend the workmen, and prevent the enemy fiom over¬ 
looking them. 

BLOCKADE, is the blocking up a place, by poll¬ 
ing troops all about it at the avenues, to prevent fup- 
plie* of men and proviftons from getting into it; and 
thus darning it out, without forming any regular fiege 
or attacks. 

BLONDEL (Francis), a celebrated French ma¬ 
thematician and military engineer. He was born at 
Ribc.nond in Picardy in 1617. • While he was yet but 
young, he was chofcn Regius Profeffor of Mathema¬ 
tics and Architecture at Paris. Not long after lie was 
appointed governor to Lewis-Henry de Lomenix, Count 
de Brienne, whom he accompanied in his travels from 
1652 to 1655,.of which he publiftted-an account. He 
enjoyed many honourable employments, both in' the 
navy and army; and was entrufted with the manage¬ 
ment of feveral negociations with foreign princes. 
He arrived at the dignity of marfhal de camp, and 
counfcllorof ftate, and had the honour to be appointed 
mathematical preceptor to the Dauphin. He was a mem¬ 
ber of the Royal Academy of Sciences, direftor of the 
Academy of Archite&ure.and le&urer to the Royal Col¬ 
lege : .hi all which ha fupported his character with 
dignity and appkufc. Blondel was no lefs verfed in die 
knowledge of the Belles Lettres than in the mathemati¬ 
cal fciences, as appears by the cotnparifon he publiflied 
between Pindar and Horace. He died at Paris the 
2zd sf February 1686, in the 69th year of his age. 
His Chief mathematical works were, 

1. Cours d'Architefture.' Paris, 1675, * n folio* 

• 2. Resolution des. quatre principaux problemea 
d’ArchiteAnre. Paris, 1676, in folio. 

. 3* Hiftoircdu Calendrier Roauin. Paris, 1682, its 
4 * 0 . 

4. Cours 
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4. Court de Mathematfoue#. ftrii, ififtj, ia 4*0. of two fhadqwswhich, were caff upon a white wall from 
5* L'Art de jetter dee Botnbct. La Haye* 16851 an opaque body, illuminated by the moan and by a can- 
w 4*o. die at the fame time, that from the candle w*» rcdal/b,^, 

Befides a New Method: of fortifying Placet, and while the other frwn the mpon wat bine. See Newton*# • 
other works. "Optics pa. «8,. Boiigucr Trait£ d’Optique a. 36S, 

Bkmdclhad-al/b many-ingenious piecesinferted ih the Edinb. E 1 T. to!. 2 pa. 75, or Prii ‘ Hife of " 

Memoirs of- the French Academy of Sciences, par* Viiion See, pa. 456. ‘ 

ticularlvin the year-*i666. BOB of 'a Pendulum, the lame as the ball, which 

BLOW, in - a general fonfc, denotes a Broke given foe. 
either with- the band, a weapon, or an inftrument. BODY, in Geometry, is a figure conceived to bq 
The effedi of a blow is eftimated like the force of per* extended in all directions, or what is ufually/aidto con* 
ouffion, and-fois cxprrffed by the velocity of the body- fiit of length, breadth, and thicknefs; being otherwife, 
snultiplied by it# weight. called a Solid. A body is conceived to be formed or 

BLOWING of a Fire-arm, is when the vent or generated'by the motion of a furface; like as a furface 
touch-hole is-run or gullied, and becomes wide, fo that- oy the motion of a line, and a line by the motion of 
the powder will flame out. • a point.—Similar bodies, or folids, are in proportion to - 

BLUE, one of the feven primitive colours of the each other, as the- cubes of their like ftdes, or linear 
rays of light, into which they are divided when re* dimenfions. 

framed through a glafs prifm. See Newton’# Optic# Body, in Phyfics, or Natural Philofophy,afolid, ex- 
Ac. Sec alfo Chromatics. tended, palpable fubftance ;. of itfelf merely pamve, 

BLUENESS, that quality of a body, as to colour, being indifferent either to motion or rell, and capable, 
from whence it is called blue ; depending on fuch a fixe of" any fort of motion or figure, 
and texture of the parts that compofc the fin-face of a. Body is compofod, according to the Peripatetics, of 
body, as difpofes them to reflect.ouly the-blue or azure matter, form, and privation; according to the Epicu* 
rays of light to the eye. reans and Corpufcularians, of aa.aflemblage of hooked, . 

The bluenefs of the Iky is thus accounted-for by heavy atoms; according to the Cartefians, of a certain . 
Pc la Hire, after Da Vinci; viz,. that a black, body- Vxtenfiou; and according to the Newtonians, of a fyftem 
viewed through a thin white one, gives the fonfation of. or affociation of folid, maffy, hard, impenetrable,, 
blue, like the ioimeufe espanfe viewed through the ain moveable particles, ranged or difpofed in this or that 
illuminated and. whitened by the fun. For the-fame manner; from which arife bodies of this or that form, 
rcafon he fays it is, that foot mixed with white, makes and diftingui/bed by this or that name. Tbefo elemen- 
a blue;, for that white bodies, being always a little tary or component particles of bodies, they affert, , 
tranfparcnt, when mixing with a black behind, give the muft be perfcftly hard, fo as never to wear or break in - 
perception of blue. From the fame principle too he pieces; which, Newton obferves, is neccflary, in order 
accounts for the bluenefs of the veins on the furface of to the world’s peril (ling in the fame Hate, and bodies 
the ikin, though the blood they are filled with be a deep continuing of the fame nature and texture id fcveral,'. 
red. ages. 

In the fame manner was the hlueaefo of the ficy ac*. Body of a piece of Ordnance, the part contained be- - 
counted for by many other of the earlier writers, as tween the centre of the trunnions and the. cafcabcl. . 
Iromotidus, Funceiu6, Otto Guiricke, and many others. This fhould always be more fortified or ftronger than » 
together with fcveral of the more modern writers, -as the reft. See Cannon. 

Wolfius, Mufchenbroek, &c. But in tbe explication Body of the Place, in Fortification, denotes either - 
of this phenomenon, Newton obferves that all the the buildings inclofed, or more generally the inclofuro 
vapours, when they begin to condenfe and eoalefce itfelf. Thus; to conftrudi the body of the place, is to - 
into natural particles, become firft of fuch a magnitude fortify or inclofe the place with baftions and curtains, 
as to refleft the azure rays, before they can eonftitute Body of a Pump, the thickeil part *of the barrel or . 
clouds of any other colour. This being therefore the pipe of a pump, within which the pifton moves, 
firft colour they begin to refted, inuft be that of the Bodies, Regular ox Platonic, are thofe which have 
jisel! and moft tranlpareot /kies, in which the vapours all their fides, angles, and planes, fimilar and equal. „ 

are not yet arrived at a groflnefs fufikicut to reft eft Of thefe there are only 5 ; viz, 

other cofoiu#. the tetraedron, contained by 4 equilateral triangles; - 

Bouguer however afcribes this bluenefs of tbe Iky to the bexatdron or cube, by 6 fuuares; 
the conftitutiou of tbe air itfelf being of fuch a nature the oRaedron, by 8 triangles ; 
that thefe fainter-coloured raya are incapable of mak- the dodecaedron , by 12 pentagons ; and 
ing their way through any .confiderable tra£fc of it. the icofacdron, by 20 triangles. 

And as to the blue fhadows which were firft obferVed To farm tbe five Regular Bodies. 

by Bunon in the year 1742, he accounts for them by , Let the annexed figures be exactly drawn on pafte* - 

ut wal ailwof the atmofpherc, which enlightens board, *>r.ftiff paper, and cut out from it by the ex- 

1 T., a *" ad<> w«, and in which the blue rays prevail | treme or bounding lines: then cut the others, orintcr- 
whiltt the red rays are not reflected fo foon, but pafs oq nal lines, only half through, fo that the parts may be 
a vr in0tCr rc 8' on8 *he atmofphere. And the turned up by them, and then glued or otherwife fattened 
Abbt Mazeas accounts for the phenomenon of blue together with pafte, fealing-wax, &c ; fo /hall they form . 
Shadows by tbe diminution of light; obferving that, the refpc&ivc body marked with tha iorrefponding 

number t. 
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number} viz, N* r the tetraedlran, N° t thehexaedron 
nr cube, N°j the oftaedroo, JJ**4 the dodeaudroa, 
nod N° | the icofacdroa. , 




To find the Superficies or Solidity of the Regular Bodies. 

1, Multiply the proper tabular area (taken from the 
following table) by the fquare of the linear edge of 
the folio, for the fuperficies. 

2. Multiply the tabular folidity by tbc cube of the 
linear edge, for the folid content. ' 


1 able ot die burfiirt • and Solidities of the five Regular 
Boons the linear edge being 1. 

No* of 

N im's 

Surfaces 

Solidities 

4 

Tctra> dion 

I-7JX05 

0*11785 

6 

Htxutdron 

6*00000 

1*00000 

8 

< Oftatdron 

3*46410 

0*47140 

X* 

Dodecacdron 

10*64573 

7*66311 

ao 

Icofaedron 

8*66015 

1*18169 


For more particular propat let, fee esch refpedbVe 
word. See alio mylaige Menfisrathn, pp. >40, edits 2. 

Thefc bodies were called p/atonic, becaufethey Were, 
laid to have’becn Invented oir ftrft treated of, by Plato, 
who conceived certain Ujyfteries annexed to them. 

BOFFRAND (Gskmain), a celebrated French 
architcft and engineer, waa born at Nantes in Bretagne* 
in 1667. He was brought up under Harduin Manfaiad, 
who truftedhim with condufting his greateft works. 
BofFrand was admitted into the French Academy 
of Architefture in 1709. Many German princes 
ihofe him for their architcft, and raifed confide! able 
edifices on his plans. His manner of building ap¬ 
proached that of Palladio; and there was much of 
grandeur in all his defigns. As engineer and infpeftor- 
gencrdl of bridges and highways, he direfted and con- 
ftrufted a number of canals, fluices, bridges, and other 
mechanical works. He publiftied a curious and ufefu! 
book. Containing the general principles of his art j with 
an account of the pl-ns, profiles, and elevations of the 
principal Works, which he executed in France and other 
countries. BofFrand died at Paris in 175 5, dean of the 
Academy of Architecture, firft engineer and infpeftor- 
general of the bridges and highways, architcft and 
adminiftrator of the general hoipRal. 

BOILING, or Eau jLLiTiONjtlie bubbling up of any 
fluid, by the application of halt. This is, in general, 
occafioned by the difeharge qf an elaftic vapour through 
the fluid that boils; whether that be common air, 
fixed air, or fleam, &c. It is proved by Dr. Hamilton 
of Dublin, in his Elfay on the afeent of vapour, that 
the boiling of water is oceafioned by the lowcrmoft 
particles of it being heated and rarefied into vapour, 
or fleam; in confequence of this diminution of their 
fpecific gravity, they afeend through the furrounding 
heavier fluid with great velocity, lacerating and throw¬ 
ing up the body of water in the afeent, and fo giving 
it the tumultuous motion called toiling. 

That this is occafioned by elaftic fleam, and not by 
particles of fire or air, as fome have imagined, is cafily 
proved by the following fimple experiment : lake a 
common drinking glafs filled with hot water, and in¬ 
vert it into a veffel of the fames then, as foon as the 
water in the veflel begins to boil, large bubbles will be 
feen to afeend in the glafs, by which the water in it 
will be drfplaced, and there will foon be a continued 
bubbling Bom under its edge : but if the glafs be then 
drawn up, fo that its mouth may juft touch the water, 
and a doth wetted in cold water be applied to the out* 
fide, the elaftic fleam within it will be inftantlv con¬ 
densed, upon which the water will aicend fo as nearly to 
fill it again. Borne fmall parts of "air &c, that may 
happen to be lodged in the fluid, may alfo perhaps be 
expelled, as well as the rarefied fleam. And this is par- 
ticulxrly recommended at a method of purifying quick- 
filver, for making more accurately barometers and 
thermometers. 

We commonly annex the idea of a certain very 
great degree of neat to the boiling of liquids, though 
often without reafon; for different liquids boil With 
different degrees of heat; and any one given liquid 
alfo, under different p re flu res of the atmofphere. Thus, 
a veflel of tar being fet over the fire till it boils, it is 
faid a perfon may then pat hia'hand into it without 

injury: 
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injury : and by putting water under the receiver of an 
air-pump, and applying the flame of a candle or lamp 
under it, by gradually exhaufting, the water is made to 
hnil with always lefs and* lefs degrees of heat; and 
without applying any heat at all, the water, or even 
the rnoifhirc about the bottom or edges of the receiver, 
will rife in an elaftic vapour up into it, when the cx- 
h.'Uillion is near completed. 

Spirit of wine boils fl.il!" fooner in vacuo than water. 
And Dr. Frt irul gives a table of the different times re- 
tpiired to make feveral fluids boil by the fame heat. 
Sec alfo Philof. Tratil. N° 122. 

BOMB, in Artillciy, a flicll, or hollow ball of caff- 
iron, having u large vent, by which it is filled with 
gun-powder, and which is fitted with a fur.e or hollow 
plug to give lire by, when thrown out of a mortar, 
flic: about the time when the fliell arrives at the in¬ 
ti sided place, the compofition in the pipe of the fuze 
lets lire to the powder in the flicll, which blows it all 
in pieces, to the great annoyance of the enemy, by 
killing the people, 01 firing the houl'es, See. They ate 
now commonly called jl'-'lls limply, in the Enghfh 
artillery. 

Tliet'c 111 dls, or bombs, arc of various fi/.es, from 
that of 17 or 18 inches diameter iiuwnwards. The 
A, y large one. are not uftd by the Engiifh, that of 13 
■iiiiches dianu ter being the highell li/.e now employed 
hv ilu m ; the weight, diinctiiions, and other circum- 
Itsmees ol them, and the others downwards, areas in 
the following table. » 


Mr. Muller gives the following proportion for all 
flicbs. Dividing the diameter of the mortar into 30 
equal parts, then the other dimenfious, in 3oths of 
that diameter, will be thus : 

Diameter of the bore, or mortar 
Diameter of the (hell. 

Diameter of the hollow fphore 
Tliicknefs of metal at the fuze hole 
Thickuel'3 at the oppolite part 
Diameter of the fu/.e hole 
Weight ot fliell empty 
Weight of powder to*fill it 
where <1 denotes the cube of the diameter of the bore 
in inches.—But. ihclls'liavc alfo lately been made with 
tiie metaludl of the fame tliicknefs quite around. 

In general, tlie windhge, or difference between the 
diameter of the Audi and mortar, is of the latter; 
alio the diameter of the hollow part of the fliell is 
of the fame. 

Bombs are throw’ll out of mortars, Or howitzers ; but 
they may alfo be thrown out of cannon; and a very 
fmall fort are thrown by the hand, which are called 
granados: and the Venetians at the liege cf Candia, 
Von. I. 


when the Turks had pofTefled thcmfelves df the ditch 
ufed large bombs without any piece of ordnance, but 
“barely rolled them down upon the enemy, along a 
plank fet aflope, with ledges on the (ides to keep the 
bomb right forwards. 

Mr. Blonde), in his Art de jettcr des Bombes, 'fays 
the firil bombs were thofe thrown into the city of 
Watclitendonch in Gucldcrland, in 1588; and they 
lire defer [bed by our countryman Lucar, in his book, 
on Artillery publiflied this fame year 1588 ; though it 
is pretended by others that they were in ufe near a 
century before, namely at the fiege of Naples in 
14yy. They only came into common ufe, however, 
in 1634, and then only in the Dutch and Spanilh ar¬ 
mies. It is faid that one Malthas, an Engiiih engi¬ 
neer, was fent for from Holland by Lewis the 14th, 
who ufed then) For him with much fuccefs, particularly 
at the (legit of Cohotire in 1642. 

The art of throwing bombs, or (bells, forms a prin¬ 
cipal branch of Gunnery', founded on the theory of 
projertiles, and the quantities and laws of force of 
gunpowder. And the principal writers on this art are 
Meif. Blondel, Guifnoe, De Reffons, De La Hire, &c. 

Bomb-Chest, is a kind of chefl ufually filled with 
bombs, and fometimes only with gunpowder, placed 
under ground, to blow it up into the air with thofe 
who ((and upon it; being fet on fire by means of a 
fnuciffee faileued at one end. But they are now much 
out of ufe. 

BOMBARD, an ancient, piece of ordnance, now 
out of ufe. It was very (hort and thick, with a large 
mouth ; feme of which it is faid threw balls of 300 
pounds weight, requiring the ufe of cranes to load 
them. The Bombard is by fome called ba/ilj/t, and 
by the Dutch dnnderbus . 

To bomba up, is to attack by throwing of bombs, 
or (hells. * m 

BOMBARDIER, a perfon employed about throw¬ 
ing bombs or (hells. He adjufts the fuze, and loads 
and (ires the mortar. 

BONES, K.tptcr's. See Napier. 

BONING, in Surveying and Levelling, See, is the 
placing three or more rods or poles, all of the fame 
length, in or upon the ground, in fucli a manner that** 
the tops of them be all in one continued ffraight line, 
whether it be horizontal or inclined, fo that the eve 
can look along the tops of them all, from one end of 
tin* line to the"other. 

BONNET, in Fortification, a fmall woqk of two 
faces, having only a parapet, with two rows of pali- 
fadoes at about to or 12 feet diffance. It is common¬ 
ly placed before the faliant angle of the counterfcarp, 
and having a communication with the covered way, by 
means of a trench cut through the glacis, and paliiadoes 
on fcach fide. 

Bonnet a Prrtrr , or Fritzs Cap, is an outwork, 
having three faliant angles at the head, befidts two 
inwards. It differs from the double tenaille only in 
tin’s, that its (ides, inftead of being parallel, grow nar- 
jower, or clofer, at the gorge, and opening at the 
front; from whence it is called queue d'arondti or fival- 
low’s tail. . • al 

BOOTES, a conflcllation of the n«Bn hemi- 
fphere, and one of the 48 old ones; haviflpt ftars in 
F f ^Ptolemy 


ri.onrter of 
the Shell. 

Weight of 
the bhcll. 

I’mvdei to 
till item. 

Powder to hurft 
them into moft 
pieces. 


lb i. 

lb. ox. 

lb. 

1? iubh 

• 9 i 

9 <lf 

7 * 

10 

S 9 

4 ! 4 -i 

3 4 

8 

46 

% t| 

2 O 

5 j Royal 

1 4 

1 4 

O 14 

4 »t'ohoru 


n 8 

O 7 


3 °, 

2( Ji 
2 1 

3i 

5 

i'M 
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Ptolemy's catalogue, 28 i» Tycho’s, $4 in Bayer’s, 
£2 in Hevilus’s, and 54 in Flam/teed’s; of which one, 
in the ikiit of his coat, is of the firft magnitude, and' 
called Arfturus . , 

Bootes is represented as a man in the pollure of 
walking; his right hand grn/ping a club, and his left 
extended upwards, and holding the cord of the two 
dogs which feem barking at the Great Bear. 

The Greeks, contrary to their uftial cuftom, do* 
not give iuiy certain account of the origin of this con- 
flellation. Thofe who in very early days made the 
itars which were afterwards formed into the great 
bear reprefent a waggon drawn by oxen, made this 
Bootes the driver of them, from whence he was called 
the waggoner: others cont'micd the office when the 
waggon was ddlroyrd, and made a celdlia! bear ward 
of Bootes, making it his office to drive the two bears 
round about the pole : and fotne, when tjie greater 
waggon was turned into the greater bear, were Hill 
for picferving the form of that machine in thofe liars 
which eonilitute Bootes. 

This conftellation is called by various other names ; 
as Areas, ArQophylax, Arcturus-Minor, JJubttlctss, liu- 
lulus, Cttnis-Lctlrans, Clama tor , Icartss, Ly roots, Pbi- 
lometus, Plattffri-Cttffos, Plorans, Tbcgnis, and Vocife- 
rator; by Helychius it is called Orion , and by the 
Arabs Aramtcb, or Archasttecb. Schiller, inilead of 
Bootes, makes the figure of St. Sylvefler; Schick- 
liard, that of Nimrod; and Weigelius, the three 
Swedi/h crowns. See Wolf. Lex Math. p. 266. 

BOREj of a gun, or other piece of Ordnance, is 
the chafe, cylinder, or hollow part of the piece. 

BOREAL Signs, are the firft fix figus of the 
Zodiac, or thofe on the northern fide of the equinoc¬ 
tial ; viz, the figns V aries, S taurus, n gemini, 
SB carfcer, St'Ieo, virgo. 

BOREALIS, Aurora. See Aurora Borealis. 

BOIvELLI (John Alphonso), a celebrated phi- 
lufophcr and mathematician, born at Naples the 28th 
of January 1608. He was profefi <r of philofophy 
and mathematics in fume of the rr.oft celebrated uni- 
vcifitics of Italy, particularly at Florence and Pil’a, 
where he became highly in favour with the princes of 
% thc houfe of Medicis. But having been concerned in 
the revolt of Medina, he was obliged to retire to 
Rome, where he /pent the remainder of his life under 
the protection of Chriftina qnccn of Sweden, who ho¬ 
noured him with her friend/hip, and by her liberality 
towards him foftentd the rigour of his hard fortune. 
He continued two years in the convent (if the regu¬ 
lar clergy of St. Pantaloon, called the Pious Srh.o/s, 
where he inftrudted the youth in mathematical Un¬ 
dies. And tjiis fludy lie profccut.cd with great diligence 
for. many years afterward, as appears by his corn fpori- 
dence v ith fevcral ingenious mathematicians of bis 
time, and the frequent mention that has been made 
of h m by others, who have endeavoured to do juih'ce 
to his memory. He wrote a letter to Mr. John Col¬ 
lins, in which (. j difeovers his great delire and endea¬ 
vours to promote the hnpiovement of thofe fcfences: 
he aifo fpiaki. of his corn fpondence with, and great 
afledion for, Mr. Henry Oldeuburgh, Sccretaiy of the 
Royal SfXMty ; of Dr. Wallis; of the then late learn¬ 
ed Mr, JJPk, and lamented the lofs iuitained by hii 


death to the commonwealth of learning. Mr. Baxter*. 

in his Enqtsiry into the Nature of the Human Soul, makes 
frequent ufe of our author’s hook De Motu Animalium, 
and tells us, that he was the iirll who discovered that 
the force exerted within the body prodigioully exceeds 
tlic weight to be moved without, or that uaturc em¬ 
ploys an iinmenfc power to move a /mall weight. 
But lie acknowledges that Dr. James Keil had lhcwa 
that Borclli was nultakcn in his calculation of the ft rce 
of the mui'cle of the heart ; but that he ncverthel. fa 
ranks him with the moil authentic writers, and i lya 
he is fcldoni miitaken: and, having remarked that it 
is fo far from being true, that great, things are brought 
about by finall powers, thaf, on the contrary, a itu- 
pjudous power is mauifell in the moll ordinary opera¬ 
tions of nature, he obierves that the ingenious Bo* 
relli firil obferved this in animal motion; and tnat Dr. 
Stephen Hales, by a courfe of experiments in his 
Vegetable Statics , had fliewn the fame in the force of 
the afeending fan in vegetables. 

After a courie of unceafmg labours, Borclli died at 
Pantaleon of a pleurify, the 31ft of December 1679, 
at 72 years of age. 

Be/idc feveral books on phyfical fubjedls, Borelli 
published the foll<?wiiig mathematical ones : viz. 

1. Apollonii Pergari Coiu'corutn Lib. 5, 6, & 7. 
Florcn. 1661, fol. 

2. Thcorix Medicorum Planctarum ex caufu phyli- 
cis deduftx. Flor. 1666, 4to. 

3. De Vi Percufiiopis. Bologna, 1667, 4to.—This 
piece^ was reprinted, with his celebrated treatife De 
Motu Animalium, and that other De Motionibus Na- 
turalibus, in 16H6. 

4. Euclides Rcllitutus, S.C. Pifa, 1668, 4to. 

7. Afiervatione intorno alia villu ineguali degli Occi. 
—-Tliffpiece was ini'erted in the Journal of Rome, for 
the year 1669. " 

6. l)e Motionibus Nattirnlihus de Gravitate peuden- 
tibus. Regio Julio, 1670, 410. 

7. Metcorologia Aetnea, &c. Regio Julio, 1670, 
qto. 

8. Oficrvationc dell’ Eceliffi Lunnrc, 11 Gennaro 

1675_Infertcd in the Journal of Rome 1677, p. 34. 

9. F.lemcnta Conica Appollonii Perga i, & Archi- 
medis Opera, nova & breviori methodo demonllrata.— 
Printed at Rome in 1679, in 1211m, at the end of the 
3d edition of his Euclides Reilitutus. 

10. De Motu Animalium. Pais prima in 1680, 
and Pars nit cm in 1681, 4to.—Thole were reprinted 
at Leyden 1687' rerifed and purged from many er¬ 
rors ; with the addition of John Bernoulli’s Mathema¬ 
tical Meditations concerning the Motion of the Muf- 
cles. 

11. At I,cyders, 1686, in qto, a more correal and 
accuune edition, reviled by J. BVocn, M. D. of Ley¬ 
den, of his two pieces, l)e Vi Percuffionis, &. Dc 
Motionibus de Gravitate pendAtilms. 

BOUGUER (Peter), a celebrated French mathe¬ 
matician, was born at Croific, in Lower Bretagne, 
the toth of Fibrunry 1698. lie was the foil of John 
Bougutr, ProfelTor Royal of Hydrography, a tolera¬ 
bly good mathematician, and author of A complete 
Trcitile on Navigation. Young Bouguer was accuf- 
tomcU to learu mathematics from his father, frtfm tlm 

time 
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*»me he was able to fpeak, and thus became a profi¬ 
cient in thofe fcienccs while he was yet a child. . He 
was fent very early to the Jefuits’ college at Vannes, 
where lie had the honour to inflrult his regent in the 
•mathematics, at eleven years of age. 

Two years after this he had a public conteft with a 
profeffor of mathematics, upon a proppfition which 
the latter had advanced erroneoufly ; and hetiiumphcd 
over him; upon which the profefior, unable to bear 
the difgrace, left the country. 

Two years after this, when young Bonguer had not 
yet finiflud.his ll tidies, he loft his father; whom he 
was appointed to furceed in his office of hydrographer, 
after a public examination of Iiis qualifications ; being 
then only 15 years of age; an occupation which he 
difeharged with great relpedl and dignity at that early 
r.ge. 

In 1727, at the age of 29, he obtained the prize 
propofed by tiit Academy of Sciences, for the Left way 
of malting of (hips. This iirft fucccfs of Bonguer was 
foon after followed hy two others of the fame kind; 
lie fuceeflively gained the prizes of 1729 and 1731 ; 
the former, for the bell manner of obferving at fea the 
height of the ftars, and the latter, for the moll advan¬ 
tageous way of obferving the declination of the mag¬ 
netic needle, or the variation of the cumpafs. 

In 1729, he gave an Optical FJfay upon the Grada¬ 
tion of jji^ht f a fuhjedl quite new’, in which he exa¬ 
mined the intentity of light, and determined its de¬ 
grees of diminution in palling through different pel- 
lut id mediums, and particularly that of the fun in 
traverfing the earth’s atinofphere. Mairan gave an ex¬ 
tract of tliis iirft eft’ay in the Journal des Sava ns, 
in 1730. 

In this fame year, 1730, he was removed from the 
port of C'roifie to that of Havre, which brought him 
into a nearer connection with, the Academy of Sci¬ 
ences, in which lie obtained, in 1731, the place of af- 
foeiate geometrician, vacant by the promotion of Mau- 
pertuis to that of petifioner; and in 1735 he was pro¬ 
moted to the office of penlioner-aftronomer. The 
fame year he was lent on the cotnmiffion to South 
America, along with Meflieurs Godin, Condamine, 
and Jeuffieu, to determine the meafurc of the degrees 
of the meridian, and the figure of the earth. In tin’s 
painful and troublefome j^umefs, of 10 years duration, 
chiefly among the lofty Cordelier mountains, our au¬ 
thor determined many other new circumftanees, be- 
lide the main object of the voyage; Inch as the ex¬ 
panlion ar.d*comnK l \ion of metals and othir fuhllano s, 
by the fuddeu and alternate changes of heat and cold 
among thofe momitains; ohfervations on the refraction 
of the atmofpherc from the tops of tlie fame, ^vvitli the 
lingular phenomenon of the hidden increafc of the re- 
fraflion, when the ftar can be obferved below the line 
of the level; the laws of the deiifity of the air at dif¬ 
ferent heights, from ohfervations made at different 
points of thefe enounous mountains; a determination 
that the mountains have an cffcdl upon a plummet, 
though he did not affign the exadl quantity of it ; a 
method of eflimating the errors committed hy naviga¬ 
tors in determining their route ; a new conflrudlion of 
the log for meafuriug a fhip’s way; with feverul other 
tifeful improvements. 


B O U 

Other inventions of Bougucr, made upon different 
occafions, were as follow: The hcliomctcr, being a 
telefeopc with two object glaffes, affording a good 
method of mcafuring the diameters of the larger pla¬ 
nets with eafe and- cya£lnefs: his refearebes on the 
figure in which two lines or two long ranges of paral¬ 
lel trees appear: his experiments on the famous reci¬ 
procation of the pendulum ; and thofe upon the man¬ 
ner of mcafuring the force of the light: &c, &c. 

The clofe application which Bouguergave to ftudy, 
undermined his health, and Hhmiuatcd his life the 
15th of Augull 1758, at 60 years of age.—His chief 
works, that have been publilhed, are, 

1. The Figure of tne Earth, determined hy the 
ohfervations made in South America; 1749, in 410. 

2. Treat/fe on Navigation and Pilotage; Paris, 
1752, in 4I0. This work has been abridged by M. 
La Gallic, in 1 volume, 8vo, 1768. 

3. Trcatife on Ships, their Conflrudlion and Mo¬ 
tions ; in 4I0, 1756. 

4. Optical Trcatife on the Gradation of Light; 
firli in 1729; then a new : dition in 1760, in 4to. 

His papers that were inferted in the Memoirs of the 
Academy, are very numerous and important: as, in 
the Memoirs for 1726, Comparifon of the force of the 
folar and lunar light with that of candles.—1731, 
Ohfervations on the curvilinear motion of bodies in 
mediums.—1732, Upon the new curves called the 
lines of purfuit .—1733, To determine the fpecies of 
conoid, to be conftruftcd upon a given bafe which is 
expofed to the (hock of a fluid, fo that the impulfe 
may be the leaft poffible.—Determination of the orbit 
of comets.—1734, Comparifon of the two laws which 
the earth and the other planets mull obferve in the 
figure which gravit y caufcs them to take.—On thocurve 
lines proper to form the arches in domes.—1735, Obfer- 
vations on the equinoxes.—-On the length of the pen¬ 
dulum.—1736, On the length of the pendulum in the 
torrid zone.—On the manner of determining the figure 
of the earth by the meafurc of the degrees of latitude 
and longitude.—1739, On the aftrouomical refrac¬ 
tions in the torrid zone.—Ohfervations on the lunar 
cclipfe, of the 8th of September 1737, made at Quito. 
• 4 ^ 744 , Short aecount of the voyage to Peru, by the 
members of the Koval Academy of Sciences, to mea- 
fure the degrees of the meridian near the equator, 
and from thence to determine the figure of the earth. 

■—1745* Experiments made at Quito and divers other 
places in the torrid zone, on the expanfion and con¬ 
traction of metals by butt and cold.—On the problem 
of the mailing of (hips.—1746, Trcatife on (hips, 
their llrudlure and motions..—On the impulfe of fluids 
upon the fore parts of pyramidoids having then-bafe a 
trapezium.—Continuation of the fliort account given 
in 1744, of the voyage to Peru for meafuting the 
earth.—1747, On a new conllruflton of the log, and 
other inllruinenU for mcafuring the run of a (hip.— 

1748, Of the diameters of the larger planets. The 
new inftrument called a hr/iometer, proper for deter¬ 
mining them; with ohfervations of the fun.—Ob- 
fervation of the .eclipfe of the moon the 8th of Ali¬ 
gn (I 1748.—1749, Second memoir on aftrouomical 
refraiflions, obferved in the torrid zone, with remarks 
on the manner of conflrudting the tables of than.— 

1 f 2 Figure 


[ 2 I 9 ] 



BOW 


BOY 


[ 220 ] 


Figurt of the earth determined by MM. Bougucr 
and Condamine, with an abridgment of the expedition 
to Peru.—17 jo, Obforvation of tire lunar eclipfe of 
the 13tlr of December 1750.—1751, On the form of 
bodies mofl proper to turn about thcmfelvcs, when 
they are puttied by one of thdr extremities, or any 
other point.—On the moon’s parallax, with the cl- 
limation of the changes caufcd in the parallaxes 
by the figure of -the earth.—Olden at ion of the lunar 
eclipfe, the 2d of December 1751.—175*-, On the ope¬ 
rations made by feataen, called Corredion* —1753, 
Obfervation of the pMigc of Mercury over the fun, 
the 6th of May 1773.—On the dilatations of the air in 
the atmofphere.—New treatife.of navigation, contain¬ 
ing the theory and practice of pilotage, or winding 
of lhips.—1774, Operations, &c, for dilliuguittiing, 
among the different detenninations of the degree of 
the meridian near Paris, that which ought to he pre¬ 
ferred.—On the direction which the firing of a plum¬ 
met takes_Solution of the chief problems in the 

working of (hips.—1755, On the apparent magnitude 
of objects.—Second memoir on the chief problems in 
the working of (hips.—1757, Account oi the treatife 
on the working of (hips.—-On the means of mealWing 
die light.—j 758, His Eulogy. 

In the volumes of the prizes given by the academy, 
are the following pieces by Bougucr: 

In vol. i, on the malting of mips.—Vol. 2, On the 
method of exactly obferving at lea the height of the 
ftars; and the variation of the compafs. Alfo on the 
caufe of the inclination of the planets’ orbits. 

BOULTINE, in Architecture, a convex mould¬ 
ing, of a quarter of a circle, and placed next lelow 
the plinth in the Tufcan and Dorick capital. 

BOW, an offenfive weapon made of wood, horn, 
fteel, br other elaltic matter, by which arrows arc 
thrown with great force. This infirument was of very 
ancient and general ufe, and is (till found among all 
faVage nations who have not the ufe of fire arms, by 
which it has been fuperfeded among us. There are 
two fpecies of the Bow, the Long , and the Cruft Bow. 

The Long Bow is fimply a bow, or a rod, with a 
firing fattened to each end of it, to the middle of 
which the end of an arrow being applied, and them 
drawn by the hand, on fuddenly quitting the holoy 
the bow returns by means of its tlatticily, and impels 
the arrow from the firing with great violence. 1’he 
old Englilh archers were famous for the long bow, by 
means of which they gained many victories iri France 
and elfewhere. 

The Craft Bow, called alfo ttrlahjl or arlult!, is a 
bow lining and fet in a {haft of wood, and furnithed 
with a trigger; ferving to throw bullets, darts, and 
large arrows, &c. The ancients had large machines 
for throwing many arrows at once, called arbakti , or 
bai'ijir. 

The force of a how may be calculated on this prin¬ 
ciple, that its fpring, i. e, the power by which it re- 
ftores itfelf to its natural pofition, is always propor¬ 
tional to the fpace or diftancc it is bent or removed 
from it. 

Bow, a- mathematical infirument formerly ofed at 
lea for taking the fun’s altitude. It conlified of a 
Luge arch divided into 90 degrees, fixed on a ft aft, 


and furnithed with three vanes, viz, a fide vane, a 
fight vane, and a horizon vane. 

Bow -Comfaft, an infirument for drawing arches of 
vei y large circles, ^br which the common compafl'es 
are too Jmall. It confifis of a beam of wood or brafs, 
with three long ferews that govern or bend a lath of 
wood or fteel to any arch. 

BOX and Needle, the fmull compafs of a theodo¬ 
lite, circ umferentor, or plain-table. 

BOYAU, in Fortification, a ditch covered by a. 
parapet, and ferving as a communication between two 
trenches. It runs parallel to the works of the body 
of the place; r.nd l’erves as a line of contravallalion, 
both to hinder the (allies of the belieged, and to fe- 
cure the miners. When it is a paiticulur cat running 
from tl'.c treu -her, to cover fonie fpot of ground, it is. 
drawn fo as not to be enfiladed or Loured by the ene¬ 
my’s (hot. 

BOYJ.E (Ron if.t), one of the grca'cft philofo- 
pners, as well as belt men, that any country li.is ever 
produced, was the 7th ion and the 14th child of 
Richard carl of Cork, and was born at l.ifinore in the 
province of Munller in Ireland, the 2jth of January, 
1626-7 ; the very year of the death of the* leaAed 
Lord Bacon, whofe plans of experimental philofophy 
our author afterwards fo ably feconded. While very 
young, lie was inilruttcd in his father’s houfe to read 
and write, and to fpenk French and Latin. In 1637, 
when only 8 years old, lie was lent over to England, 
to be educated at Eton fchool. Here lie f.ion dif- 
covercd an extraordinary force of under'(landing, with a 
difpofition to cultivate and improve it to the ntninll. 

After remaining at Eton between 3 and 4 years, 
his father lent our author and lij's brother Francis, in 
1638, on their travels upon the continent. They 
patted through France to Geneva, where they fet¬ 
tled for fomc time to purine their dudics: here our 
author refmned his acquaintance with the elements of 
the mathematics, which he had commenced at Eton 
when 10 years old, on occafioii of an illnefs which 
prevented his other ufual (Indies. 

In the autumn of 1641, he quitted Geneva, and 
travelled through Switzerland and Italy to Venice, 
from whence lie returned again to Florence, where he 
fpent the winter, (tudying the Italian language and 
liittory, and the works of th^ Celebrated afirotiomer 
Galileo, who died in a village near this city during 
Mr. Boyle’s refidence here. 

About the end of March 1642, he fet out from 
Florence, vililcd Rome and other places in ftaly, then 
returned to the fouth of France. At Marfcillcs, in 
May 1642, Mr. Boyle received letters from his father, 
which informed him that the rebellion had broken out 
in Ireland,* and with how much difficulty he had pro¬ 
cured 250I. then remitted to help lu'm and his brother 
home. This remittance however never reached them, 
and they were obliged to return to Geneva with their 
governor Mr. Mareombcs, who contrived on his own 
credit, and by felling fome jewels, to raife money 
enough to fend them to England, where they arrived 
in 1644. On their arrival they found that their father 
was dead, and had left our author the manor of Stal- 
bridge in Engl anti, with fome other confidcrable ef- 
tates in Ireland. 


From 
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From this time Mr, Boyle's chief rcfidence, for 
ftime years at leaft, was at his manor of Stalbridgr, 
from whence he made occafionnl excursions to Oxford, 
London, &c ; applying himfclf with great induftry to 
various kinds of ltudics, hut efpccially to philofophy 
and clicmillry ; and feizing every opportunity of cul¬ 
tivating the acquaintance of the molt learned men of 
his time. He was one of the members of that fitiall 
but learned body of men who, when all academical 
(Indies were interrupted by the civil wars, fecietgd 
themfelves about the year 1645 ; and held private 
meetings, full in London, afterwards at Oxford, to 
cub irate fuhjetls of natural knowledge upon that plan 
of exp'-ritncnl which JLmd Bacon had delineated. 
They llyled themlelves then The Vhilofphic College ; 
but after the rdloiation, when they were incorpo¬ 
rated, and dillingui/hed openly, they took the name 
of t he Royal Society. 

In the fumnier of 1654 he retired to fettle at Ox¬ 
ford, the Philofophical Society being removed from 
London to that place, that lie might enjoy the con- 
verfation of the other learned members, hir, friends, 
who had retired thither, fueh as V/ilkins, Wallis, 
Ward, Willis, Wren, &e. It was during his relidencc 
here that he improved that admirable engine the air- 
pump ; and by numerous experiments was enabled to 
diicover fcveral qualities of the air, fo as to lay a foun¬ 
dation for a complete theory. He declared agninlt 
the philofophy of Arillotle, as having in it more of 
words than things; promiling much, and performing 
little ; and giving the inventions of men for indubitable 
proofs, inllcad of building upon observation and experi¬ 
ment. He was fo zealots for tin's true method of learn¬ 
ing by experiment, and fo careful about it, that though 
the Oartclkm philofophy then made a great noife in 
the world, yet he could never be pi rfuaded to read the 
works of l)efcartes, for fear he Ihould be aiinifed and 
Jed away by planfihle accounts of things founded 
on coujr£hj:v, and merely hypothetical. Blit philofo¬ 
phy, and inquiries into nature, though they engaged 
his attention dciply, did not occupy him entirely; as 
lie Hill crmtiimed to purfuc critical and theological 
ltudics. He had offers <-i preferment to enter into 
holy orders, by the government, after the reiteration. 
But he declined the oiler, choc ling lather to purfuc his 
ft tidies as a lavnian, in inch a manner as might'be moll 
clicetlial for the (uppurt of religion 5 and began to 
communicate to the woild Hie fruits of tliefe lludies. 
Tliefe fiuits Mere very numerous and important, as 
well as vnrio" 1 : the principal ol width, as well as of 
Ionic other tin 11-oral>le in\ urnnccs of his life, were 
neatly in the following order. 

in 1 hl>o came out, i. New experiments, pliy fico- 
nieehatiical, touching; the fprir.g of the air and its ef- 
fedts.—2. iSeraphie love ; or fame morivis and mteen- 
tives to the love ol God, pal belli ally difcourfeil of in 
a letter to a friend. A work which it has been laid 
v.'.i-. owing to his court (hip of a h dv, the daughter of 
Cary carl ol Monmouth ; though our author was never 
married.—3. Certain phyltologtial effays and other 
tracts, in ififii.—4. Sciptical ihemill, 1662; reprinted 
about the year 1679, with the addition of divers expe¬ 
riments and notes on the produciblenefs of chemical 
principles. 


In the year 1663, the Royal Society being incor¬ 
porated by king Charles the ad, Mr. Boyle was named 
one of the council; and as lie might juflly be reckoned 
among the founders of that learned body, fo he con¬ 
tinued one of the moll ufeful and induftrious of its 
members during the whole courfe of his life. His next 
publications were, 5. Conliilerations touching the ufe- 
fulnefs of experimental natural philofophy, 1663.—— 

6 . Experiments and confederation* upon colours ; to 
which was added a letter, containing Ohfervations on 
a diamond that (bines in the dark, 1663. This treatife 
is full of curious and ufeful remarks on the hitherto 
unexplained doctrine of light and colours ; in which lie 
fhevvs great judgment, accuracy, and penetration ; and 
which nn y l;i (aid to have led the way to Newton, who 
made Audi great difcoverics in that branch of phyfics.— 

7. Confidcnitions on the flyle of the holy feriptures, 
1(^63. This was an extract from a larger work, ir»- 
titlid A11 efl'ay on fcripturc ; which was afterwards 
puhlillied by Sir Peter Pett, a friend of Mr. Boyle’s. 

I11 16^4 .he was elected into the company of the 
royal mines ; and was all this year occupied in profe- 
cuting various good defigns, which was probably the 
reafon that lie did not publilh any works in this year. 
Soon after came out, H. Occafnmal reflections upon 
fcveral fubjcAs, 1665. T'liin piece expofed our author 
to the cenfure of the celebrated Dean Swift, who, to 
ridicule tliefe difeourfes, wrote A meditation upon 

a Iruanjlich, in the Jlylc of the honourable Mr. Hoyle ~ 
9. New experiments and obfervativ 11s upon cuhl, t f/iy 
—10. Hv droit atical paradoxes made out by new expe¬ 
riment;;, for the mod part phyfical and eafy, 1666.— 
11. The origin of forms and qualities, according to 
the corpufeuJar philofophy, 1 fifdi .— Both in tin's and 
the former year, our .author comm unicat. d to his friend 
Mr. Oldeiihurgh, then fccretary to the Royal Society, 
fcveral “curious and excellent fliorl pieces of his own, 
upon a great variety of fubji ids, and others tranfmitted 
to him iiv his learned friends, which are printed in the 
Philof. Tranf. 

In the year 1668 Mr. Boyle ref-lved to fettle in 
London for life ; and for that pu’-pr.fa he remov'd to 
the houfe of his filter, the lady Rauclagh, in Pall-Mall. 
This removal was to the great benefit ol the’ learned in 
general, and particularly of the R0y.1l Society, to whom 
he gave great and continual aflillanee, as abmulniitly 
appears by the fcveral pieces communicated to them 
from time to time, and printed in their Trnnfaftion,. 
To avoid improper wade of time, he had fet hours in 
the day appointed for receiving fueh periling as wanted 
to coni’ult him, either for their own affiltance, or to 
communicate new difcoverics to him : And he bellil.-s 
kept up an cxtcr.five corrcfpondcuce with the molt 
learned men in Europe; fo that it is wonderful how 
he could bring out fo many new works as he did. His. 
next publications were, 12. A continuation of new ex¬ 
periments touching the weight and fpring of the air ; 
to which is added, A difeourfe of the atmofphcre of 
confident bodies, 1669.—13. Tracts about the cofmi* 
cal qualities of things ; cofmical ftifpicions ; the tem¬ 
perature of the fnbtcrraneotis regions; the bottom of 
the fea; to which is prefixed an introduction to the 
hiftory of particular qualities, 1669.*—14. Confidoa- 
tions on the ufefulnefs of experimental and natural r>hi- 

lofophy. 
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lofophy, the'2d part, 1671.—15. A collection oftradU 
■upon feveral ufeful and important points of pra&ical 
philofophy, i$7 J. —16. An eflay upon the origin and 
virtues of gems, 1672.—17. A collection of tracts upon 
the relation between flame and air; and feveral other 
ufeful and curious fubje&s, 1672. Be/ides furni/hing, 
in this and the former year, a number of /hort di flat li¬ 
nens upon a great variety of topics, addrefled to the 
Royal Society, and inferted in their Tranfadlions.— 
18. Eflays on the it range fnbtilty, great efficacy, and 
determinate nature, of effluvia; with a variety of expe¬ 
riments on other fubje&s, 1673—19. The excellency 
of theology compared with philofophy, 1673. This 
difeourfe was Written in the year 16C$, while our nu- 
tlior, to avoid the great plague which then raged in 
London, was forced to go from plaice to place in the 
-country, having little or no opportunity of confulting 
his hooks.—20. A collodion of tracts upon the faitneis 
of the iea, the moifture of the air, the natural and preter¬ 
natural Itate of bodies; to which is prefixed a dialogue 
concerning cold, 1(^74—2f. A collection of tracts con¬ 
taining fuipicions about hidden qualities of the air; 
with an appendix touching cclcilku magnets ; animad- 
'rcrlions upon Mr. Hobbes’s problem about a vacuum; 
a difeourfe of l he raufc of attraction and fudion, 1674. 
—-22. Some con/idcrations about the lvalonablends of 
reafon and religion ; by T. Ii. (the final letters of his 
names). To which is annexed a difeourfe about the 
•poffibility of the refurretlion ; by JNIr. lloyle, 1673. 
Tlie fame year feveral papers communicated to the 
‘Royal Society, among which -were two upon qtiick- 
fdver growing hot with gold.—23. Experiments anil 
notes about the mechanical origin or production of 
particular qualities, in feveral difeourfes on a great va¬ 
riety of fubjeds, and among the rcit on electricity, 
1676.—He then communicated to Mr. Hook a 
•fhort. memorial of fome obfervations made upon an ar¬ 
tificial fubftance that fliines without any preceding il- 
luflration ; publifhtd By Hook in his Ltd'iones Cut- 
lerian.t. —24. Hittorical account of a degradation of 
gold made by an anti-elixir.—25. Aerial nodiluca ; or 
fome nqpv phenomena, and a procefs of a factitious 
felf-fhining fubftance, 1680. This year the Royal So¬ 
ciety, as a proof of the jn(l fenfc of his great worth, 
and of the conftant and particular fervices which tlirough 
a courfe of many years he had done them, made choice 
of him for their prefident; but he being extremely, 
and, as he fays, peculiarly tender in point of oaths, de¬ 
clined that honour.—26. Difeourfe of things above 
reafon ; inquiring, whether a philofopher fhouTd admit 
any fucli, 1681-—27. New experiments and obferva¬ 
tions upon the icy nodiluca; to which is added a che¬ 
mical paradox, grounded upon new experiments, mak¬ 
ing it probable that chemical principles arc tranfmuta- 
ble, fo that out of one of them others may be produced, 

J 682.—28. A continuation of new experiments, phy- 
Jieo-mechanical, touching the fpring and weight of the 
air, and their effects. 1682.—29. A fhort letter to Dr. 
Beale, in relation to the making of frefh water out of 
fait, 1683.—30. Memoirs for the natural hiftory of hu¬ 
man blood, eipccially the fpirit of that liquor, 1684.-— 
31. Experiments and confidcrations about the porofity 
iOf bodies, 1684.—32. Short memoirs for the natural 
experimental hiilory of mineral waters, &c, 1685.—- 
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33. An eflay on the grent effects of even languid and 
unheeded motion, &c, 1685.—-34. Of the rcconcileable- 
nefs of fpccitic medicines to the eorpufcular philofophy. 
Sec, 1687.—35. Of the high veneration man’s intellect 
owes to God, peculiarly for his wifdom and power, 1685". 
—36. Free inquiry mto the vulgarly received notion of 
nature, 1686.—-37. The martyrdom of Theodora and 
Didymia, 1687. A work he had drawn up in his 
youth.—38. A difquifition about the final caufcs of 
natural things, and about vitiated light, 1088. 

Mr. Boyle’s health declining very much, he abridged* 
greatly his time given to convocations and communica¬ 
tions with other perfona, to have more time to prepare 
for the prefs fome others of bin papers, before his 
death, which were as follow :—39. Media mi ffydrafla- 
tica, <xc, 16yo.-—40. The Chrifti.tn virtiiofo, &.c, 1690. 
41. Experiment a et Obfervntiones Pbv/L/r, See, 1691 ; 
which is the laft work that he publilhed. 

Mr. Boyle died on the hft day of December of the 
fame year 1691, in the 65th year of his age, and was 
buried in St. Martin’s church in the Fields, Weflmin- 
iler; his funenil termon being preached by Dr. Gilbert 
Burnet bifbop of Salisbury ; in which he difplayed the 
excellent qualities of our author, with many circum- 
llancvs of bis life, &c. But as the limits of this work 
will not allow us to follow the bithop in the copious 
and eloquent account he has given of this great man’s 
abilities, we mull content' ourfcHes with adding the 
following fhort culogium by the celebrated phvlician, 
philofopher, and chcmill, Dr. Boerhaavc ; who, after 
having declared lord Bacon to be the father of experi¬ 
mental phtlolophy, a flirts, that “ Mr. Boyle, tin orna¬ 
ment of his age and country, fittcccdtd to ttic genius 
and inquiries of the great chancellor Vvn.’hr.n. Which, 
fays he, of Mr. Boyle’s writings (hall ( recommend ? 
All of them. To him we owe the fecreti of fire, air, 
water, animals, vegetables, folios: fo that from his 
works may be deduced the whole ijflcin of natural 
knowledge.” 

Mr. Boric left alfo ftveral papers behind him, which 
haw been publiflted (nice his death. Beautiful editions 
of all his works have been printed at London, in 7 vo¬ 
lumes folio, and 6 volumes 410. Dr. Shaw alfo pub- 
lilbed in 3 volumes 4to, the fame works “ abridged, 
methodized, and difpofed under the general heads of 
Phvfius, Statics, Pneumatics, Natural Hiiiorv, (’ 1 1 y— 
miilry, and Medicine to which lie has prefixed a (hort 
catalogue of the philofophieal wirings, acconb’ng to 
the order of time when they wete lull puLlifltcd, 
as follows: 


Phyfico-mcchanical experiments on the fpring 
and weight of the air 
The Sceptical Chymift 
Phjf|p]ogicul EfTays - •- 

Hilfoiy of Colours 

Ufefulnefs of Experimental Philofophy 
Hiftory of Cold - - - 

Hiftoncal Paradoxes 
Origin of Forms and Qualities 
Cofmical Qualities 

The admirable Rarefaction of the air 
The Origin and Virtues of Gems 
The Relation betwixt Flame and Air » 


1661 

1661 

1662 

1663 
1663 
ififi? 
1666 

i 6'»6 

1670 

1670 

1672 

167* 

Effly.- 
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Effluviums - ■* » 1673 

Saltnds of the Sea - • 1674 

Hidden Qualities in tkc Air - - *674 

The Excellence. &c of the Mechanical Hypo* 

thUis ... 1674 

Coniiderations on the Refurre&ion • 1675 

Particular Qualities - - 1676 

Aerial NodUluca ... 1680 

Icy Noi-tiluca ... 1680 

Things above Reafon - - i 63 i 

Natural Hiitorp of Human Blood - 1684 

Po.vfity of Bodies - - 1684 

Natural Hillory of Mineral Waters - 1684 

Specific Medicines - - 1685 

The H1VI1 Veneration due to God - 1685 

I-at _ n u Motitfl - - . 1685 

The Notion of Nature - - 1685 

Final C’auk's ... 1688 

Mcdi lna Hydroftatica ... 1690 

The Chriltian Virtuofo - - 1690 

Expcrimcnta & Old .tv itiones I’Kyfica* > 1691 
Natural Hiftory of the Air - - 1692 

Medicinal Experiments - - 1718 

BRADLEY (Dr. J.iMts), a Celebrated F.ngliih 
aftroiiomcr, the third fon of William Bradley, was 
born at Sherborne in Glouceflet fltirc in the year 1692. 
HeVas fitted for the univerfity at Nortblcach in the 
fame county, at the boarding fchool of Mr. F.glcs and 
Mr. Brice. From thence he was lent to Oxford, and 
admitted a commoner of i* .’..o! colle ge March 15, 
1710 ; where he took the degree of bachelor the 14th 
of October 17t.*, and of mailer of arts the 21ft of 
January 1716. His friends intending him for the 
church, his Rudies were regulated with that view ; and 
as foou as he war. of a proper age to receive holy os-, 
dew, the hilltop of Hereford, who had conceived a 
great eftcem for hint, gave him the living of BridRow, 
and foon after he was inducted to that of Laudewy 
Wvir.v in rcmbrokclhire. 

11 was iu-phc.v to Mr. Pound, a gentleman well known 
in the learned world, by many excellent agronomical and 
otherobfervations, and who would have enriched it much 
more, if the journals of his voyages had not been burnt 
at Pulo Condor, when the place was fet on hre, and 
the lvtglilh who were fettled there cruelly maflacred, 
Mr. Pound bind' -If very narrowly escaping with his life. 
With this gentleman, at WanlLead, Mr. Bradley palled 
all the time that lie could ! parc from the duties of his 
fnnflion ; being then folieuntly acquainted with the 
matin mattes to ir.iprwc by Mr. Pouu.l’s ermverfation. 
Tt may euilly be ima Iced that the cvimple and con* 
vei fat ion of this genii, man did not render Bradley’ more 
fond of his prof, thou, to which he had before no great 
attachment : he continued however as vet to fulfil the' 
duties of it, though at this time hr had m-vle fitch ob- 
fervitions a# lut'd th ■ foun’ation cf thofc difeovertes 
which afterward dillingui!hed him as one of the 
greitefl aftromimers of his age. TI.et'e obfervationa 
gained him the notice and fri itdflnn of the lord chan¬ 
cellor Macclesfield, Mr. Newton afterward Sir Ifnac, 
Mrf Ha’ley, and many other members of the Royal 
Society, into which he was foon after elefted a incin-. 
btr. 

Soon after, the chair of Savilian profeflor of allro- 


nomy at Oxford became vacant, by the death of the 
celebrated Dr. John Keil; and Mr. Bradley was eledled 
to fucceed him on the 31 It of October r]2i, at 29 
years of age : his colleague being Mr. Halley', who was 
profeflor of geometry on the fame foundation. Upon 
this appointment, Mr. Bradley rcligncd his church 
livings, and applied himfelf wholly to the ftudy of his 
favourite fcience. In the courfe of his obfervations. 
which were innumerable, he difeovered and fettled the 
laws of tiie alterations of the fixed Hare, from the progref- 
five motion of light, combined with the earth’s annual 
motion about the fun, and the nutation of .the earth’s 
axis, aviiing from the unequal attraction of the fun and 
moon on the different parts of the earth. The former 
of thefe cf fails is called the aberration of the iixed 
flats, the theory' of which he published in 1727 ; and 
the latter the nutation of the earth’s axis, the- theory of 
which appeared in 1737 : fo that in the fpsce of about 
10 years, he communicated to the world two of the 
fineil dffcoverics in modern ailronoiny ; which will for 
ever make a memorable epoch in the hiflory of that 
fciencc. See A^uirat*on and Nu.tatiow. 

In 1730 oui^mthor fucceeded Mr. Whitefidc, an 
lecturer in aflronomy and experimental philofophy in 
the Mufcutn at Oxford: which wa9 a conhdeiable emo¬ 
lument to him, and which he held till within a year or 
two of his death $ when the ill Hate of his health in¬ 
duced him to rciign it. 

Our author always preferved the efteem and ‘friend- 
fhip of Dr. llalleyr; who, being worn ou' by age and 
infirmities, thought he could not do better for the fer- 
vice of aflronomy, than procure for Mr. Bradley the 
place of regias profeflor of aflronomy _ at Greenwich, 
which he uimfelf had many, year:, poflcilcd with the 

f jrcatcft uputation. With this view he wrote many 
etters, deft ring Mr. Bradley’s permifiion to apply for 
a grant of the reverfiou of it to him, and even offered 
to refign it in lu’S favour, if it Ihould be thought r.e- 
ceffary : but Dr. Halhy died before he could aeconi- 
plifh this kind object. Our author however obtained 
the place, by the interefl of lord Macclesfield, who was 
afterward prefident of the Royal Society ; and upon this 
appointment the univrrfit.y of Oxford lent him a diplo¬ 
ma of dotilor of divinity. 

The appointment of astronomer royal at Greenwich, 
which was dated the "d of February 1741-2, placed 
our author in his proper element; and he purfued his 
obfervations with umvcaiied diligence. Howesu- nu¬ 
merous the collection of altrcnomieal iaflniuictils at 
that ohfervatory. it was impofliblc that fitch an obfer- 
ver as Dr. Bradley fhnuld n> >i' deli re to inctv.de them, 
as well to anfwcr tlufe particular views, as in general 
to make obfervations with greater cx.iAncfs. Ir. the 
year 1748 iherrfi.te, he took the opportunity- of the 
vifit of the Royal Society to the ohfervatory, annually 
made to examine the intlrurnents and recti v: the p:o- 
fe.dor’s obfervations for the year, to ceprefcnt fo ftrongly 
the neeelfity of lepairing the old infiruments, and pro¬ 
viding new ones, that the fociety thought proper to 
make application to the king, who was pleafed to or¬ 
der loco pounds for that purpose. This fnm was laid . 
out under the direflion of our au'hor, who, with the 
aili dance of the late cekbraud Mr. Graluro and Mr. 
Bird, turaiihed the ohfervatory with as comj lete a col- 

it'C’.iv'^ 



BRA 


[ -a 

lett ion of agronomical initrumcnts, as the moil ikilful 
.ma diligent obferver could delire. Dr. Bradley, thus 
iuruiilied with 1’uch afiHlancc, purfued his obfervations 
with great ailidnity during the reft of his life; an im- 
menfe number of which was found after his death, in 
13 folio volumes, and were prdented to the univerfity 
of Oxford in the year 1776, on condition of their 
printing and publilhing them ; but which however, un¬ 
fortunately for the improvement of allronoiny, now 
aer a lapfe of almoft 20 years, has never yet been 
done. 

During Dr. Bradley's rcfidence at the Royd Ob- 
fervatory, tne living of the church at Grcenw ieh be¬ 
came vacant, and was offered to him: upon his refilling 
to accept it, from a confcientious temple, “ tint the 
duty oi a pallor was incompatible wi ! h his m . r 
lludieg and neceifary engagements,’’ the king vvu-. 
plealed to grant him a peniion of 270I. over and above 
the ailronomer’s original fila.y from the Board of Ord¬ 
nance, “ in coufideration (as the iign manual, dated 
the 15th Feb. 1752, expreffes it) of in’s great tkill and 
knowledge in the feveral branches of atlronoiny and 
other parts of the mathematics, whR™ have proved to 
ufefid to the trade and navigation of this kingdom.” 
A peniion which Iras been regularly continued to the 
aftronomers royal ever finer. 

About 174S, our author became entitled to bifiiop 
Crew’s benefaction of 30 1 . a ye^r, to the lecture reader 
in experimental philofophy at Oxford. He was elected 
a member of the Academy of Sciences at Berlin, in 
17.} 7 ; of that at Paris, in 1748; of that at Pctcrfhurgh, 
in 1754; and of that at Bologna, in 1757. lie was 
married in the year 1744, but never had more than one 
child, a daughter* 

By too clofc application to ftudy and obfervations. 
Dr. Bradley became afflicted, for near two years be¬ 
fore his death, with a grievous oppreflion on his fpi- 
rits ; v\ liieh interrupted his ufeful labours. This dif- 
trefs arofe chiefly from an apprclicnfion that he flionid 
outlive his rational faculties : but this fo much dreaded 
evil never came upon hint. In June 1762 he was 
fri/.rd with a fnpprcflion of urine, occafioned by an in¬ 
flammation in the reins, which terminated his exifter.ee 
the 13th of July following. His death happened at 
Chalfont 111 Gloucdterlhin, in the 70th year of liis 
age; and In? was interred at Miuchinliampton in the 
lame county. 

As to his cl emitter, Dr. Bradley was remarkable for 
a placid a.ul gentle tuodellv, very uncommon in per- 
fons of an active temper and lobiilt eoaftitutioti. Al¬ 
though be was a good fpcaker, and poliefled tlie rare 
but happy art of exprclfmg his ideas with the uttnoft 
precifion and cleamefs, yet no man was a greater lover 
of filencc, for he never ip.ike but when lie thought it 
abfolutely nrcdftry. Mur was he more inclined to 
write than to fpeak, as hr has publifhed very little : he 
bad a natural titltidein c, which made him always afraid 
that his woihs might injure his character; fo that he 
fupprefled many *nvliicii might lnve been worthy of 
publication. 

His papers, which haW been inferted in the Philof. 
Tranf. are, 

.1. Obfervations on the comet of 1703. Vol. 33, 
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2. The longitude of Lifhon and of the fort of New 
York from Wanilcd mid London determined by t|ic 
ccliplc of the Jirft lateilite of Jupiter. Vol. 34, p. 85. 

3. An account of a new difeovered Motion of the 
Fixed Stars. Vol. 37, p. 637. 

4. On the Going of Clocks with Ifochronal Pendu¬ 
lums. Vol. 38, p. 302. 

5. Obfervations on the Comet of 1736-7. Vol. 
40, p. 111. 

6. On the apparent Motion of the fixed Stars. Vol. 

4>» P* 1 • *■" • 

7. On the Ocndtation of Venus by the Moon, the 
I 5th of April 1751. Vol. 46, p. 201. 

8. (tn the Comet of 1757. Vol. 50, p. 408. 

>). Directions for thing the Common Micrometer. 
\ ol. 62, ( . 40. 9 

llKADWAKDIN (T homas), arcbbifiiop of Can¬ 
terbury, v as born at Hart field in Sufi ex, about the 
dole of tin 1 -Mil century. lie was educated at Mer¬ 
ton College, Oxford, where lie took the degree of 
doctor of divinity; and acquired the reputation of :t 
profound leholn-, a Ik ill ul mathematician, and confum- 
matc divine. It .has been f.iid lie was profcfi'or of di¬ 
vinity at Oxford jstiiat In- wa; dianccllor of the diocefe 
of London, and eonfefiorto Ldwanl tlie 3d, whom he 
coiiflantly attended during his war with France. After 
liis return from the war, lie was made prebendary of 
Lincoln, and afterward arehbiliiop of Canterbury. He 
died at Lambeth in the year 13417, forty days after his 
confecration. liis woiks are, i. Dr I'.miht DA, printed 

London 161 S, published by J. li. Savil_2. J)c (!:■»- 

tuo'ti,i [pftuhilivii, tSr. Paris, 1497, 1712, 157c.— 
3. Dt ArithmetWa />/ ttn’.-n, l’atis, 1702, 1712.—-4 , Dt 
PtapHrlionibus, Pan's, 1497. Venice, 1 705, folio,— 
5. De Shfodmlura LV/v.v.V, Paris, i.tye, folio. 

BRAHL ( I’ve 110), a celebrated aftiononur, dt* 
feended from a noble family originally of Sweden but 
fettled in Denmark, was born the 14th of December 
1546, at Kmulllorp in the county of Selionen, near 
Ilellimbourg. lie was taught Latin when 7 year* 
old, and iludicd 5 years under private tutors. His fa¬ 
ther dying while our author was very young, his uncle, 
George Brahe, having no children, adopted him, and 
fent him, in 1779, to ftudy philofophy and rhetoric at 
Copenhagen. The great ccliplc oi the fun, on the 2 Ill 
of Augull t 760, happening at the pivoifr time the af- 
trononuvs had foretold, lie began to e'onhder allnmoruy 
as fomething div'ine; anil purehaiing the tables of Sia- 
dius, be gained iome not ion of the theory of the planets. 
In 1562 lie was fent by his unde to Lciplio to fiudy 
the law, where liis aeqii'ienurfs gave nianifcft indica¬ 
tions of extraordinary abilities. His natural ineliiia- 
tion however was to the ftudy of the heavens, to which 
fie applied himfclf fo allidiiuufly, that, notwithilandiug 
the care of his tutor to keep him dole to the fiudy of 
the law, he made ule ol every mi ans in his power for 
improving his knowledge of aftrtuomy ; he purchafed 
with bis pocket money whatever hooks he could meet 
with oil the fubjedt, and read thun with great atten¬ 
tion, procuring afiillancc in difficult cafes from Bartho¬ 
lomew Scultens his piivate tutor; and having procured 
a fmall celdlial globe, lie took opportunities, when his 
'tutor was in bed, and when the weather was clear, to 
examine tlie conilcllatious in the heavens, tw learu their 
5 names 
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names fi-osn the globe, and their motions from ohfcrva- 

tion. 

After a courfe of 3 years Rudy at Lcipfic, Ills unde 
eying, he returned home i« 1565. In this year a de¬ 
ference arifing between Bi.iht and a Danifh nobleman, 
they fought, and our author had part of his nofe cut 
oft by a blow; a defect which lie lb artfully fupplied 
v. if 1; one made of gold and lilver, that it was not per¬ 
ceivable. About this time he began to apply lmnftTf 
to chemiftry, propofing nothing lei's than to obtain the 
piiilofopliev’i ‘.lone, Bui becoming greatly dilgulled 
to fee the liberal arts defpifed, and finding his own re¬ 
lations ar.d friends unci’fy that he applied hhnfelf to 
af.ronen y, as thinking it t: fludy uiifuilahle to aperfou 
of his quality, he went to Wirtemberg in 1 $£6, lrom 
whence the freaking out of the plague foon nccufioncd 
his removal to bollock, and in »5 69 to Aug flung, 
where he was vifited by Piter Raintiv, then profefi’or 
of aftror.omy at Paris, and who greatly admired his 
uncommon llsill in this feicnee. 

In 1571 he returned to Denmark ; and war favoured 
hv his maternal uncle, Stnio l’ille?, a lover of learning, 
with a convenient place at lu.s call It of lisrritzvad near 
Kmidftorp, for making his obfervations, and building 
a l.iboratory. And here it was he dileovertd, in 1573, 
a new ftar in the conftollation Cailiopeia. But ibuit 
after, his marrying a country girl, beneath his rank, 
occafiont-J fo violent a quarrel between him and his re¬ 
lations, that the king v, a? obliged to intupole to re¬ 
concile them. 

In j 574, by the king's command, he read ItdVures 
at Copenhagen on the theory of the planets. The year 
following l,c began In's travels through Germany, and 
proceeded as far as Venice. He then rcfolvcd to re¬ 
move his family, and fettle at Bafd ; but Frederic the 
2d, king of Denmnik, being informed of his defign, 
and unwilling to lofc a man who was capable of doing 
fo much honour to his country, he promifed to enable 
him to purfue his ittulics, and bellowed upon him for 
life the it land oflluen in the Sound, and promifed that 
an obferva'.oty and laboratory (hould be built for him, 
with a fupply of money for carrying on his defigns : and 
accordingly the liril ftone of the obfcrvalory was 
laid the Nth of Alt gull 1 976, under tin name of 
Uranibottrg: The king alfo gave him a pcnfion of 
2000 crowns out of his treafttry, a fee in Norway, and 
a canonrv of Hofhild, which brought him in 1000 
more. This fituation he enjoyed for the fpaee of 
about 20 yearn, purfuing his obfervations and itudies 
with great induflry: here he kept always in his houfe 
ten or twelve young men, who affiled him in his ob- 
fervntionp, and whom he inflrutted in aflronomy and 
mathematics. Here it was that he received a vifit 
from James the fith, king of Scotland, afterward James 
the 1 ft of England, having come to Denmark to efpoufc 
Anne, daughter of Frederick the 2d: James made 
our author forne noble prefents, and wrote a copy of 
I ,atin verfes in his praife. 

Brahe's tranquillity however.in this happy fituation 
was at length fatally interrupted. Soon after the death 
of king Frederick, by the afperfions of envious and 
malevolent minifters, he was deprived of his penfion, 
fee, and canonry, ■ in 199ft. Being thus rendered in¬ 
capable of fupporting the cxpenccs of his eflabltfh- 
Vol. I. 


inent, he quitted hk favourite Uranibourg, and with¬ 
drew to Copenhagen, with ibrae of liis inftrumcnf-8, 
and continued his aftronomical obfervations and che¬ 
mical experiments in that city, till the fame malevolence 
procured from the new' king, Charles the 4th, an ett- 
dfr for him to difeontinue them. This induced him 
to fall upon means of being introduced to the emperor 
Ilodolphus, who was fond of mtchar.ifm and chemi¬ 
cal experiments: and to fmooth the way to an inter¬ 
view, Tycho now publifhcd his book, sljirorcmia irj!au~ 
rata Ivlcch.'.rit adorned w ith figures, and dedicat i d it 
to the emjKTor. That prince received him at Prague 
with great civility and refpetl; gave him a magnificent 
houfe, till he could procure one for him more, fit for 
aftronomical obfervations; he alfo afligned him a pen- 
iion of 3000 crowns ; and promifed him a fee for him- 
felf and his defeendants. Here then he fettled in the lat¬ 
ter part of lyyH, with his funs and (icholars, and among 
them the celebrated lvtpicr, who had joined him. But 
he did not long enjoy this happy fituation; for, 
about 3 years after, lie died, on the 34th of Oflober 
1601, of a retention cf urine, in the 55th year of his 
age, and was interred in a very magnificent manner in 
the principal church at Prague, w'here a noble monu¬ 
ment was ere fled to him ; leaving, bciidc his wife, two 
Ions and four daughters. On the approach of death, 
he enjoined his fons to take care that none of his 
works (hould be loft ; exhorted the iludcnts to attend 
elofely to their exercifes ; and recommended to Kepler 
the finifliing of the Kudolpiiine tables he had con- 
flruf.led for regulating the motion of the planets. 

Brahe’s (kill in aflronomy is univerfally known; and 
be is famed for being the inventor of a new fyftem of 
the planets, which he endeavoured, though without 
fuecefs, to eftablilh on the ruins of that of Copernicus, 
lie was very credulous with regard to judidf&l aflro- 
logy and prefages: If he met an old woman w;hcn he 
went out of doors., or a hare upon the road on a journey, 
he would turn back immediately, being perfuuded that 
it was a bad omen : Alio, w'hen he lived at Uranibourg, 
he kept at his houfe a madman, whom he placed at Lis 
feet at table, and fed liimfclf; for as he imagined that 
every thing fpuken by mad peribns prefaged fomething, 
he carefully obferved all that th : s mar laid; and be- 
caufe it fonietiir.es proved true, he fancied it might al¬ 
ways he depended on. lie vrr> of a vei y irritable dif- 
polition : a mere trifle put him ia a paftion ; and againfl 
perfons of the lit it rank, whom he thought his ene¬ 
mies, he openly diftovered his refcatmert. He v. as 
very apt to rally others, but highly provuk.d when the 
fame liberty was taken with hknielf.—The principal 
part of his writing!, according to C/afleitdu:, are, 

1. An account cf the New Star, which appeared 
Nov. nth 1572, in Cailiopua; Copenb. 1973, in 410. 
——2. An Oration concerning the Mathematical Scien¬ 
ces, pronounced in the r.niverfity of Copenhagen, in 
the year 1974: publiftied by Conrad Aflac, of Bergen 
in Norway.—3. A treat tic on the Con. tt of the yet.- 
1977, immediately after it d'fappearrd. Nine years 
afterward, he reviled it, and added a toth chapter. 
Printed at Uranibourg, 15X9.—4. Another fcrcaiiu on 
the New Phenomena of the heavens. In the frit part 
of which he treats of the Kefritation, as be calls it, of 
tjic fun, and of the fixed liars. And in the 2d part, of 
Cl g a New 
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a New Star, which then had made its appearance_ 

5. A colle&ion of Aftronomical Epiftles: printed in 
4to, at Uranibourg in 1596 j Nuremberg in 1602 j and 
ut Franpkfort in 1610. It wa3 dedicated to Maurice 
landgrave of Hefi'e; becaufe there arc in it a confider- 
ablc number of letters of the landgrave William his 
father, and of Chriftopher Rothmann, the mathema¬ 
tician of that prince, to Tycho, and of Tycho to them. 
-—6. The Mechanical Principles of Ailronomy redo- 
red: Wandclburg, 1598, in folio.—7. An Anfwer to 
the Letter of a certain Scotchman, concerning the 
comet, In the year 1577.'—8. On the compofition of an 
Elixir for the Plague; addtefTed to the emperor Ro- 
colphus.—9. An elegy upon his Exile : Roftock, .’614, 
4to.—to. I*he Rudolphine Tables ; which he had not 
f.uiihid when he died ; but were revifed, and publifhed 
by Kepler, as Tycho had defined.—u. An accurate 
Enumeration of the Fixed Stars: addreffed to the em¬ 
peror Rodoiphus.—12. A complete Catalogue of 1000 
of the Fixed Stars; which Kepler has inferted in the 
Rudolphine Tables.—13. Hyiur'ut Cnh-flh ; or a Hif- 
tory of the Heavens; in two parts: The ill contains 
the Obfcrvatfons he had made at Uranibourg, in 16 
boohs: The latter contains the Obfervatioun made at 
Wandelburg, Wittenberg, Prague, See ; in 4 books.— 
14. Is an Epiftlc to Caller Puecr; printed at Copen¬ 
hagen 1668. 

BRANCKER, or Brahkf.r (Thomas), an emi¬ 
nent mathematician of the 17th century, ion of Thomas 
Brancker fomc time bachelor of arts in Exeter College, 
Oxford, was born in Devonlhire in 1636, and was ad¬ 
mitted butler of the faid college Nov. 8, 1652, in the 
17th year of his age. In 1 655, June the i jth, he took 
the degree of bachelor of arts, and was eledlcd proba¬ 
tionary fellow the 30th of the fame month. In 1658, 
April the 2?,d, he took the degree of mailer of arts, 
and became a preacher; but after the relloration, re¬ 
filling to conform to the ceremonies of the church of 
England, he quitted his ftllowlhip in 1662, and retired 
to Chefter: But not long after, he became reconciled to 
the fervice of the church, took orders from a billiop, 
and was made a minifter of Whitegate. He had how¬ 
ever, for fomc time, enjoyed great opportunity and lei- 
fure for purfuing the bent of his genius in the mathe¬ 
matical lciences ; and his fkiii both in the mathematics 
said chcmiftry procured him the favour of lord llrcre- 
ton, who gave him the ref lory of Tillton. He was 
afterward chofen mailer of the well-endowed fchool at 
Macclesfield, in that county, where he fpent the re¬ 
maining years of his life, which was terminated by a 
fhort illnefs in 1676, at 40 years of age; and he was 
interred in the church at Macclesfield. 

Brancker wrote a piece on the Do€lrinc of the 
Sphere, in Latin, which was publilhcd at Oxford in 
1662 ; and in 1668, he publilhcd at London, in 4to, a 
tranfiation of Rhumus’8 Algebra, with the title of An 
JntroduRion to Almira s which treatife having commu¬ 
nicated to Dr. John Pell, he received from him fome 
alhltance towards improving it; which he gencroufly 
acknowledges in a letter to Mr. Juhn Collins; with 
whom, ana fome other gentlemen, proficients in this 
feience, h.e continued a conefpondence during his life. 

BREACH, in Fortification, a gap or opening made 
in any part of the works of a town, by the cannon or 


mines of the befiegers, with intent to florm or attack 
the place. 

BREAKING Ground, in Military Affairs, is be¬ 
ginning the works for carrying0:1 the fiege of a place; 
more ifpecinlly the beginning to dig trenches, or ap¬ 
proaches. 

BREECH of a Gun, the hinder part, from the caf- 
cabel to the lower part of the bore. 

BREREWOOJD (Edward), a learned mathema¬ 
tician and antiquary, was the fon of Robert Brere- 
wood, a reputable tradefman, who was three times 
mayor of Cheilcr. Our author was born in that city 
in 1565, where he was educated in grammar learning 
at the free fchool; and was afterward admitted, in 
1581, of Bra/.cn-nofe College, Oxford; where he foon 
acquired the charafler of a hard lludent; as he has 
lliewn by the commentaries Le wrote upon Ariftotle’s 
Ethics, which were written by him about the age 
of 21. 

In the year 1596 he was chofen the firfl; Profeffor 
of Ailronomy in Grefham College, being one of the 
two who, at the dtfire of the electors, were recom¬ 
mended to them by the univerfity of Oxford. lie 
loved retirement, and wholly devoted hin.Rif to the 
putfuit of knowledge. And though he never publiih.vl 
any thing himfclf, yet he was very communicative, and 
ready to impart what lie knew, to others, either in 
convcrfation or in writing. His retired litualion at 
Grefham College being agreeable, it did not appear 
that he had any other views, but continued there the 
remainder of his life, which was terminated Ly a fevr 
the 4th of November 1613, at 48 years of age, in the 
mklli of his purfuits, and before he had taken proper 
care to collefl and digell his learned labours; which 
however were not loll; being reduced to order, and 
publiflied after hi; (hath. Thcfe were little or no¬ 
thing mathematical, being of a nr.ifcellaneous nature, 
upon the ftveral fnbjeils of Weights, Money, Lan¬ 
guages, Religion, Logic, the Sabbath, Meteors, the 
Eye, Ethics, fee. 

BRIDGE, a work of carpentry or mafonry, built 
over a river, canal, or the like, for the convenience of 
palling from 011c fide to the other; and may be con¬ 
fident! as a road over water, fnpported by one or more 
arches, and thcfe again fupported by proper piers or 
hultments. Befidcs thefe effential parts, may be added 
the paving at top, the banquet, or railed footway, on 
each fide, leaving a fufficient breadth in the middle for 
horfes and carriages, alfo the parapet wall either with 
or without a balullradc, or other ornamental and uleful 
parts. The breadth of a bridge for a great city 
fliould he fuch, as to allow an caly paffage for three 
carriages and two horfemen abreaft in the middle way, 
and for 3 foot paffengers in the fame manner 011 each 
banquet: but lor other fmaller bridge's, a iefs breadth. 

Bridges arc commonly very difficult to execute, cn 
account of the-inconvenience of laying foundations and 
walling under water. The carliefl rules and inftrwc- 
tions tor building of bridges are given by Alberti, in 
his ArchU. 1, 8. Other rules were afterwards laid 
down by Palladio, Serlio, and Scamozzi, which are 
collc&ed by Blonde!, in his Court d 1 At chit. pa. 629 
&c. The bell of thefe rules were alfo given by Gold¬ 
man, Baukliurfi, and in Hawkcfmoer’s Hifiory of 
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London Bridge. M. Gautier has a considerable vo- 
Jurae expreiedy on bridges, autient and modern. See alfo 
Riou’s Short Principlef for the Architecture of Stone 
Bridge..; as alfo Ktnevf.in, Muller, Labelye, anti my 
own Principles of Bridges. 

Th'- condition:, requited in a bridge are. That it 
be well deiig.ied, commodious, durable, and*fnit;tbly 
tlccouiied. it lhould be of fetch a height as to be 
qurir convenient for the paflaga over it, and yet ea'ily 
admitting through its arches the vdi'cl* that navigate 
up'.:: it, and all the water, ev._n at high tides and 
hoot:..: the neglect of tins precept has been the ruin 
of bridges. Bridget are cuiuinonly continued in 

a fl vn’glit direction perp -udicu’ar to the ;bvam ; though 
finin' think they fhould i-.e r.rr.V c f uvex towards tlic 
flrei.n, the better to ivdl flo.Os, &r. A.ud budges 
of this fo:l have been eu.-cul-J in fi.me places, as 
Pout St. Klprit near Lyons. Again, a bridge fhould 
not be made in loo narrow a p.ul cf a navigable river, 
or one fubjeef to tides or floods: becnafe the breadth 
being Hill more cont raided by the piers, {hi., will in- 
creafe the depth, velocity, and full of the water under 
the urclws, and endanger tar whole bridge and naviga¬ 
tion. There ought to be an uneven number of arches, 
or an even number of piers; both that the middle of 
the dream or chief current may How freely wither t the 
interruption of a pier; and that the two halves of the 
bridg -, by gradually riling from the ends to the mid- 
dir, may there nvvr in the high !t and lnrgefl arch; 
arid alfo, that by b" \r in the noddle, the tye 

i . viewing it may look directly through there. When 
the middle and ends arc of different heights, their dif¬ 
ference however ought not to be gnat in proportion 
to the length, that the afvent amtdciccnt maybe eafy; 
and in that cafe alio it is more beautiful to make the 
top in one continued curve, than two Hmight lines 
forming an angle in the middle. Bridges fhould rather 
h'- o* tew nnd large arches, than of many Smaller ones, 
if the height and fit nation will pofiiblv slkw of it ; for 
thin will have mere free paff.ige for the uatcr and na- 
vigntior:, and be a gmat faring in materials and labour, 
as there wiii be fewer piers and centres, and the arches 
&c will require Ids materials; a remarkable inihince of 
which appears in the difference between the bridges of 
Weltminfier and Blackfriars, the expence of the former 
Leing more than double the latter. 

For the proper execution of a bridge, and making 
an c iUmatc of the expence, &c, it is needtary to have 
three plans, three fiction:;, and an elevation. The three 
plans ate lu many horizontal lections, vi/, firit a plan 
of the foundation under the pins with the particular 
cireuinftances attending it, whether of grating;, planks, 
pile:-, See ; the zd is the plan cf the pins and arches ; 
and the 3d is the plan of the fupcnlruefurr, with the 
paved road and banquet. The three fed Iona are ver¬ 
tical ones; the firft of them a longitudinal fed ion 
ftom end to end of the bridge, and through the mid¬ 
dle cf the breadth ; the 2d a tranfvcrfc one, or aero ft 
it, and through the fumirrit of an arch ; and the 3d 
aifu acrofs, but taken upon a pier. The elevation is 
an oiihograpbic projection of n*ic fide or face of the 
bridge, or it-, appearance as viewed at a cli/htnee, (hew¬ 
ing 'be exterior nfpefr of the materials, with the man¬ 
ia r in which they arc d'fpofcd Ecc. 
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For the figure of the arches, fome prefer the femi- 
circle, though perhaps without knowing any good rea- 
iori why ; others the elliptical fonn, as having many 
advantages over the femi-circular; and fome talk of the 
catenarian arch, though its pretended advantages are 
only chimerical; but the arch of equilibration is the only 
perfect one, i’q as to be equally itrong in every part: 
fee my Princ iples of Bridges. The piers are of drierfe 
thicknefs, according to the figure, fpan, and height of 
t he arches; as may be l'een in the work above mcn- 
t ioued. 

With the Romans, the repairing and building of 
bridges wire committed to the priells, thence named 
pont'tjki's; next to the Centura, or curators of the 
roads; hut at lalt the emperors took the care of the 
bridges into their own hands. Thus, the Pons Jani- 
culenfis was built of marble by Antoninus Pius; the 
Pons Cellius was rdtoied by Gordian; aid Arian 
built a new one which was called after his own name, 
in the middle age, bridge-building was counted among 
the ails of religion ; and, toward the end of the 12tb 
century, St. Benezet founded a regular order of !:of- 
pitulicrs, under the name of pnntifces, or bridge-build¬ 
er:;, whofe office was to aflift travellers, by making 
bridges, fettling ferries, and receiving ftrargers into 
hofpitab, or houfes, built on the banks cf rivers. 
We r. id of an hofpital of this kind at Avignon, where 
the hc.!p:talicn; relided under the dire&ion of their firit 
fuperior St. Benezet; and the Jefuit Raynaldus has a 
treat ife on St. John the bridge-builder. 

Among the bridges of antiquity, that built by Tra¬ 
jan over the Danube, it is allowed, is the nmfl magnifi¬ 
cent. It v.us dcmolifhed by his next fucceflbr Adrian, 
and the ruins arc Hill to be fecn in the middle of the 
Danube, near the city Warhrl in Hungary. It bad 
20 piers, of fqunre (tone, each of which was 1 30 feet 
higli above the foundation, fio fee t in breadth, and 170 
lent diflant from one another, which is the ipan or 
width of the arches; fo that the whole length of the 
bridge was more than 1530 yards, or one mile pearlv. 

In France, the Pont de Garde is a very bold (hot-- 
ture; the piers bring only I 3 feet thick, yet ferving ‘.o' 
fupport an imzninfc weight of a triplicate arcade, and 
joining two mountains. It conihls of three bridge-,, 
one over another; the uppcrmolt of which is an aque¬ 
duct. 

’File bridge of Avignon, which was finiflied in the 
year 1 iSS, ninlili; of 18 arches, and ineafttres 1340 
paces, or about KGo yards in length. 

'Fiic famous bridge at Venice, railed the Rialto, 
paflcs for a niaftcr p:ece of art, conlifting of only one 
very flat and bold swell, near re.o feet jp:tn, and onlv 
23 feel higli above the water: it was built i:i lyqi.— 
Pottlet alio mentions a bridge of a fingle arch, in the 
city of Muniier in Bothnia, much bolder than that of 
the Rialto at Venice. Yet thefe aie nothing to a 
bridge in China, built from one mountain to another, 
eonfilting only of a fingl ■ arch, 400 cubits long,- and 
;oo cubits high, wlieiici it is called the flying bridge ; 
and a figure of it is givm in the Plnlef. ’Fra.if. Kir* 
cher alfo (peaks of a bridge in the fame coun'ry 3by 
perches long without any inch, but iupported by 300 
pillars. 

There are many bridges of conlidei able note in our 
G g 2 ou u 
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own country, The triangular bridge at Crowland in 
Irincolnlhire, it «» faid, is the mod ancient Gothic 
fiiufturc remaining intire in the kingdom} and was 
erected about the year 860. 

-London bridge is on the old G Jthfckftrndiurc, with 
20 final 1 locks or arches, each of only 20 feet wide; 
but there are now only 1S open, two having lately been 
thrown into one in the centre, and another next one 
fide is concealed or covered up. It is 900 feet long, 
60 iiigh, and 74 wide; the piers are from 25 to 34 
feet broad, with darlings projecting at. the ends ; lb 
that the greateit water-way, when the tide is above the 
darlings, was 450 feet, fcarce half the breadth of the 
river; and below the darlings, the water-way was re¬ 
duced to 19 4 feet, before the late opening of the centre. 
London bridge was fird built with timber between the 
years 993 and 1056; and it was repaired, or rather 
new built with timber, 1163. The done bridge wa» 
begun in 1176, and finifhed in 1209. It is probable 
there were no Louies on this bridge for upwards of 
200 years; fince we read of a tilt and tournament held 
on it in 1399. Houfcs it feems were created on it 
afterwards; but being found of great inconvenience and 
nuifanee, they were removed in 1758, and the avenues 
to it enlarged and the whole made more commodious; 
the two middle arches were then thrown into one, by 
removing the pier from between them; the whole re¬ 
pairs amounting to above 80,00c 1. 

There are dill fome more bridges in England built 
in the old manner of London bridge ; as the bridge at 
Rocheder, and fome others; alfo the late bridge at 
Ncwcadlc upon Tyne, which was broken down by a 
great flood in the year 1771, for want of a fufficient 
quantity of water-way through the arches. 

The longed bridge in England is that over the 
Trent at Burton, built in the 12th century, of fqnared 
free-done, and is llrong and lofty ; it contains 34 arch¬ 
es, and the whole length is 1545 feet. But this falls 
far lliort of the wooden bridge over the Draw, which 
according to Dr. Brown is at lead 5 miles long. 

But one of the mod lingular bridges in Europe is 
that built over the Taaf in GlamorganIhirc, by Wil¬ 
liam Edward, a poor country mafon, in the year 177(1. 
This remarkable bridge confifts of only one lUipcndous 
arch, which, though only 8 feet broad, and 35 feet 
high, is no lefs than 140 fpan, being part of a circle 
of 175 feet diameter. 

There is alfo a remarkable bridge of one arch, built 
at Colebrook Dale in 1779, of call iron: and another 
dill larger of the fame metal, is now railing over the 
river Wear, at Sunderland, the arch being of 240 feet 
fpan. 

Of modern bridges, perhaps the two fined in Eu¬ 
rope, are the Weft minder and Blackfriars bridges over 
the river Thames at London. The former is 1220 
feet long, and 44 feet wide, having a commodious 
broad foot path on each fide for palfengers. It con- 
fids of i 3 large and two finall arches, all femicircidar, 
wi h 14 intermediate piers. The arches all fpriugf.otn 
about 2 feet above low-water mark; the middle arch is 
76 feet wide, and the others on each fide deertafe al¬ 
ways by 4 feet at a time. The two middle piers are 
each 17 feet thick at the fpringing of the arches ; and 
the others Uuarcafe equally on each fide by one foot at 


a time 5 every pier terminating with a faKant right 
angle ngninlt either it) cam. This bridge is built of 
the heft materials, and in a neat and elegant tatte, but 
the arvhev arc too finall for the quantity of mafonry 
contained in it. This bridge was begun in 1738, and 
opened iu 1750; and the whole fum of money granted 
and poidafor the erettion of this bridge, with the pur- 
chafe of houfcs to take down, and widening the ave¬ 
nue-’, tkc, amounted to 389,500!. 

Blackfriars bridge, nearly oppofile the centre of the 
city of London, was begun hi 1760, and was com¬ 
pleted in jo years and three quarters; and is an ex¬ 
ceeding light and elegant ftrutturc, but the materials 
unfortunately do not teem to be of the belt, as many 
of the arch Hones are decaying. It confilL of y large, 
elegant, elliptical arches; the centre ruch being too 
frit wide, and thofe on each fide decreafing in a regu¬ 
lar gradation, to the fmallell, at each extremity, which 
is 70 feet wide. The breadth of the bridge is 4c feet, 
and the length from wharf to wharf 997. The upper 
furfaee is a portion of a very large circle, which forms 
an elegant figure, and is of convenient pafl'age over it. 
The whole expence was 150,840!. 

There are various lbrts of bridges, of flone, wood, or 
metal, of boats or floats, pendant or hanging bridges, 
draw bridges, flying bridges, &c, 8tc, and even natural 
bridges, or fitch as are found formed by nature, of 
which kind a moll wonderful one is dtferibed by Mr. 
Jefferfon, in bis Stale if Virginia; and another, but 
finallcr, is deferibed by l)on L'llua, in the province of 
Angaracx in South America. 

BRIGGS (Hi nry), one of the greateft mathema¬ 
ticians in the 16th and 17th- centuries, was boin at 
Warleywood, near Halifax, in Yorklhirc, in r 5 5■ 7 *. 
From a grammar fchool in that country he was leu; to 
Sr. John’s College, Cambridge, 1579; where after 
taking both the dt grccs in arts, he was dn.icn fellow 
of his college in 158S. He applied himh if chiefly to 
the lludy of the mathematics, in which he greatly ex¬ 
celled ; in confequrneo in 159- he was made examiner 
and lecturer iu that faculty ; and four, alter, reader of 
the phyiic lettuic, founded by l)r. Dimmer. 

Upon the frttlement of Grcituun College, in Lon - 
don, he was chofen the full profeflbr ot geometry 
there, in 1596. Soon after this, lie eonit rutted a 
table, for finding the latitude, from the variation of the 
magnetic needle being given. In the year 1609 he 
emit ratted an acquaintance with the learned Mr. James 
Ufher, afterwards archbilhop of Armagh, which con¬ 
tinued many years after by letters, two of Mr. Briggs 
being Hill extant in the collection ol Ufhei’s kttcia 
that wejf-publilhed: in the former ol thefe, dated 
Augull 1610, he writes among other tilings, that he 
wa*engaged in the fubjedt of eelipfes; and iu the lat¬ 
ter, dated the 10th of March 1615, that he was wholly 
taken up and employed about the noble invention of 
logarithms, which had come out the year before, and 
in the improvement of which he had afterwaids logu .it 
a concern. For Briggs immediately fet himfclf to the 
ftudy and improvement of them; expounding them alfo 
to his audit01s in his lettures at Crelham college. In 
thefe lettures he propoied the alteration of the fcale of 
logarithms, from the hyperbolic form which Napier 
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kw given them, to that in which i fliould be the lo¬ 
garithm of the ratio of to to i ; and foon after he wrote 
to Napier to make the faint propofal to himfelf. In 
the year 1616 Briggs made a vifit to Napier at Edin¬ 
burgh, to confer with him upon this change; and the 
next year he did the fame alio. In thefe conferences, 
the alteration was agreed upon accordingly, and upon 
Briggs’s return from his fecond vifit, in 1617, he pub- 
lifhc-il the tirfL chiliad, or 1000 of his logarithms. See 
the Introduction to my Logarithms. 

In 1619 he was made the firfi Savilkn profeflor of 
geometry ; and refigned the profdlbrihfp of Grefham 
college the 25th of July 1620. At Oxford he fettled 
himfelf at. Merton college, where he continued a molt 
laborious and lludious life, employed partly in the du¬ 
ties of his olficc as geometry lecturer, and partly in the 
computation of the logarithms, and in other ufeful 
works. In the year 1622 he puhliflied a finall trafl on 
tlie “ North-w;iil paflage to 1 lie South Seas, through 
the continent of Virginia and Hudfon’s Bay the 
reafon of which was prohab-y, that he was then a mem¬ 
ber of the company trading to Virginia. His next 
perfonnanee was his great and elaborate work, the 
Arithmetira /. rgarithmira in folio, printed at Loudon in 
1624; a llupeiidoiiK work for to fliort a time! con¬ 
taining the logarithms of 30 thonfand natural numbers, 
to 14 places of figures befide the index. Briggs lived 
alfo to complete a table of logarithmic fines and tan¬ 
gents for the iocth part of every degree, to 14 places 
of figure.', befide the index ; with a table of natural 
fines for the fame teeth parts to ] 5 places, and the 
tangents and fccants for the fame to ten places; with 
the conftrudtion of the whole. Thefe table:, were 
printed at Gouda in 1631, under the care of Adrian 
Vlacq, and puhliflied in 1633, with the title of 7 fign- 
nometria Bei'annica. In the cnr.ilrcAioii of thefe two 
works, on the logarithm:: of numbtrs, and of fines and 
tangents, our author, befide extreme labour and appli¬ 
cation, manifeils the higheft powers of genius and in¬ 
vention ; as we here for the tiril time meet-with 
fctoral of the moll important difcovciies in the mathe¬ 
matics, and what have hitherto been conliilered as of 
much later invention ; fuch as the Binomial Theorem ; 
the Differential Method and Conllruftion of Tables by 
Differences; the Interpolation by Differences; with 
Angular Sections, and feveral other ingenious compa¬ 
ctions : a particular account of which may be feen in 
the Introduction to my Mathematical Tables. 

This truly great man terminated his ufeful life the 
26 of January 1630, and was buried in the choir of 
the chapel of Merton College. As to his character, 
he f.as not lefs efteemed for his great probity and other 
eminent virtues, than for his excellent Ikill in matltt'- 
matica. Dodlor Smith gives him the character *>f a 
man of great probity ; rafy of accefs to all t free from 
arrogance, morofenefs, envy, ambition and avarice ; a 
contemner e.f riches, and contented in his own fitua- 
tioii; prefeiring a ftiulious retirement to all the fplen- 
did circumffances of life. The learned Mr. Thomas 
Gataker, who attended his hdlures when he was reader 
of mathematics at Cambridge, reprefents him am highly 
flletmed by all perfens fkilled in mathematics, botn 
at home and abroad ; and fays, that defiring him once 
to give his judgment concerning judicial aftrology, his 


anfwer was, “ that he conceived it to be a mere fyften* 
of groundlefs conceits.” Oughtred calls him the mir¬ 
ror of tlie age, for his excellent Ikill in geometry. And 
one of his Jucceflbrs at Grefham college, the learned 
Dr. Ilaac Barrow, in his oration there upon his ad- 
miffion, has drawn his character more fully ; celebrat¬ 
ing his great abilities, Ikill, and induffry, particularly 
in perfecting the invention of logarithms, which, with¬ 
out his care and pains, might have continued an im- 
pcrfrdl and ufelefs defign. 

His writings were more important than numerous : ■ 
ft-me of them were puhlifhed by other perfons: the lilt 
of the principal part of them as follows. 

1. si Tulle to find the Height of the Pole ,* the Magne- 
tie.nl Declination icing given. This was published in Mr. 
Thomas Bhmdcvilc’s Thcoriqucs of the Seven Planets; 
London 1602, 410. 

2. Tables for the improvement of Navigation. Thefe 
conlift of, A table of declination of every minute of 
the ecliptic, in degrees, minutes and feconds: A table 
of the fun’s profUiaphuerefes : A table of equations of 
tlie fun’s ephemerid'-s: A table of the fun’s declina¬ 
tion : 'rabies to find the height of the pole in any la¬ 
titude, from the height of the pole liar. Thefe tables 
are printed in the 2d edition of Edward Wright’s trea- 
tife, intit led. Certain Errors in Navigation detected and 
corrected ; London 1610, 4to. 

3. si dr fieri/'tier, r.f an Jn/tru mental Table to find the 
Part Proportional, devi/rd by Mr. Edward IVright . 
This is iubjoiucd to Napier’s table of logarithms, 
trail dated into Lnglifh by Mr. Wright, and after his 
death pubtiflud by Briggs, with a preface of his own ; 
Loud, 1616 and 1618, 121110. 

4. I.'jgarithm'u um chilias prana, Lond. 1617, 8vo. 

5. l.ucuhrationes lif shvutationcs in opera pojlhuma jf. 

Neperi : Edinb. 1615,410. , 

6. Eue/uJis Element sram vi lilri prirres life. Lend. 
1620, folio. This was printed without his name to it. 

7. sl treat:fe of the Ncrih-n fl pttfjage to the South 
Sea life. By H. B. Loud. 1622, 4to. This was re¬ 
printed inl’uichas’s Pilgrims, vol. 3, p. 852. 

8. Arithmetiea I.ogarithmisa, life. Lund. 1624, 
folio. 

9. Trigoncmetria Britannica , life. Goudx 1633, 
folio. 

10. Two letters to archbi/hop iJJker. 

11. Mathanatka ab antiquis minas cognita. —T,his is a 
fummary, account i f the moll obfcrvable inventions of 
modern mathematicians, communicated by Ml. Briggs 
to Dr. George Hnkewill, and publilhcd by him in his 
Apologie ; Lond. folio. 

Befide thefe publications, Briggs wrote fomc other 
pieces, that have not been printed; as, 

( l ). Comment at ies on the Geometry of Peter Biimus. 

(2). Dues EpiftoLt ad celeberrimum virum, Glr. Sever. 
Lcngtmontanum. One of thefe letters contained fomt* 
remarks on a treatife of Longomontanus, about fquar- 
ing the circle : and the ether a defence of arithmetical 
geometry. 

( 3 1 . Ani.nadver/tones Geometric* : 410. 

4). De eodem Argumento : 4to.——Thefe ■ two were 
ip the pofTcliion of the late Mr. Jones. They both 
contain a great variety of geometrical propofitions, con¬ 
cerning the properties ot many figures, with leveral 

arithme- 
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ai irhu-.etie G computations, relating to the circle, an¬ 
gular fed ions, &c.—The two following wuc alfc in 
pofufiion of Mr. Jones. 

(5). u'i freatlfe of Common Arithmetic; folio. 

(c). A httcr to J]'!r. C/arlr rf Gram feud, dated 2J 
Feb. I fic6 ; with which lie fends him the defeription 
of a ruler, called BcdwcITs ruler, with direction;, how 
to ufc it. 

BRIGGS (William), an eminent phyficinn in the 
latter part of the 17th century, was horn at Norwich, 
for which town his father was four times member of 


fter, the 5 th of April i 6?4 ; and v.as fucceeded ia. his 
title b/ hie younger brother Harry, who died in Jan. 

i ,01'd Brounktr had feveral ju-pm inferted in the 
I’oilviHij,:)'; ;.l Traufad’oiif, the chief of which were, 

1. Experiments concerning the Recoding if Gas,.— 

2. A Meres for th- Quadrature of the Hyperbola; 
which cat the fir ft f ■vie;, of the Find tit; 01. that fubjeCt. 
—3. Several of Ms letters to luchbifhop hither wire 
rdfo nn’iiU-d in I Tf hue's letter.?; as well as feme to Dr. 
Wallis, in his Comncrciiim F.iiuoliceir, above nun- 


parliament. lie flu died at the tmiverlity of Cambridpi. 
He afterwards travelled into France, where lie attended 
the ledlure 17 of the famous anatomifi Vieuflctis, ;it 
Montpelier. Upon hit return he publifhed his Ot>ht 
mographla, in 1676. The year following he was made 
doftor of medicine at Cambridge, and foon after fellow 
of the college of phylicians at London. In ifi. v ’2 he 
refigned hi--. icllowfhip to Ids brother; and the lame 
vear his 7 ! eory of Vlpon was puhlilbed by Hock. r i he 
t nfuitig vi ;t he fi.nt to tlie Koval Society a rontinua- 
1 ie.r. of that diieoiufe, which was piihlilhcd in their 
TraiiittCtitius; and tlie fame year he was appointed phy- 
iivian to St. Thomas’s hofpital. In 1684 he eoimnu- 
nicatcd to the Royal Society two remarkable call , re¬ 
lating to viiion, which were likowife printed in their 
Tranfadions; and in 1685 he publilhed a Latin ver- 
fion of his Lheory nf I'i/lon, at the defire of Mr. New¬ 
ton, afterwards Sir Ifaac, then profefibr of mathema¬ 
tics at Cambridge, with a recommendatory cpillle from 
him prefixed to it. lie was afterwards made phyfician 
in ordinary to king William, and continued in great 
ffteem for his fkill in his profeflion till he died the 4th 
of September 1704. 

Briggs’s Logarithms, that fp.cies of them in 
which I is the Iogaritlun of the ratio of 10 to 1, or the 
logarithm of to. See Log \rum ms. 

BROKEN Number, the lame as FraCion ; which lee. 

Broken Huy, dr Jiay of Rrfrcutim, in Dioptrics, is 
the line into which an incident ray Is ruuded or 
broken, in ciofling the fecond inedimn. 

BROUNCKER, or BROUNKhR, (William), 
lord vifeount of Cattle I.vor.s in Ireland, fon of 
Sir William Brounkcr, aft rewards made vifcouut in 
1645, was born about the year ifi20. He very early 
difeovert'd a genius for itlu-inatit ■>, in v;hkh 1m after¬ 
wards became very eminert. He was made doctor of 
phvfie. at Oxford June 2 3, 1646. In and idjd, 
he was. engaged ia a corrcfpondenrc by letters on ma¬ 
th* rr.aticai fubjeds with Dr. John Wallis, who pub- 
lifhtd 1 hem in his Cima:?: cium Rptflulicum, printed 1 bj8, 
;.t Oxford. He was one of the nobility and gentry 
who figr.ed the remarkable declaration concerning king 
Charks the ad, publifhe.d in April J>Co. 

After ihr relloration.lard Brounkci was madechun- 
c Hoi and keeper of the great fta! to the queen con- 
fort, one of the compiifiioncrs of the n ivy, and mailer 
cf St. Katherinck hofpital near the tower of London. 

was one < f thofe great men who firlt formed the 
Royal Society, of which he was by the charter ap¬ 
pointed the firil prefidmt in 1662 : which office he 
held, with great advantage to the Society, and honour 
to himfelf, till the anniverfury elcftiori, Nov. 30,1677. 
fie died at hi*- houfc in St- James's ftrect, Weitmin- 


tiou. d. 

BROWN (Sir William) . a noted pkyficrin and 
mile.•ikiiwm; wilt r, of the i 9 th century. He v,as 
fet’le! '.’i’lurily .:*■ I.yi.n in Norfolk, w;u< he pub¬ 
lished a tranilatiur. of Dr. Gregory's E’eme its of C'a- 
t-ipirjrs and Dioptrics; to he add'd, t. A Me¬ 

thod for finding ik.‘ F:v< u: .1! Spiculu aii.i I.-i.f-s 
uiiim 1 i dly ; as elf; hi. g ; ‘y : r ; r or * .efu ring a g; /■ 1 
«bj.'ft by a giv i-.y c.-hi.u ,;r Lira, in any adiuL-J 
proper.ion.—2. A Soil.*. ; m ..i thef.. FrJhi ms id.h 
l)r. Gregory b.tj !.;:t ur.-leni* rift •.*••• —3. A part -cl- 
lar account of Mieroicap-s i r f" *1» •'c.'prr, irum he. 
Huvget.s; with tlie difcuvcilc? 1 Je by Catoptr’e., d 
Dioptric... 

Having r.cqr.’rvd a compc*..ace by' hi? profelf.ju, 
ha roitioiid to (tr.ui's Squaie, Ormond Sirect, 
don, where he iJid.d till hi" de i:h, in 177), at V 2 
year., of age; h;;r. iog by his will two p-rl/.c-ir.ed.ils t j 
be autmaliy c-uite: ded lor l y th Ca-o.bi !d, ; r :-orfa. 

Sir William Brown was a very fro.tier., t.-.an ; and 
a great number of hf. lively cf;.) both i;i ;.rok a..d 
verfe, were printed and circulated among his fricn.df. 
The active part tukm by biai in the cm.t' 11 v.ith the 
licanti.ile?. in 17AS, « cc .fiC’ied i,i- being introdu¬ 
ced bv Mr. l orte in i.i.; A; ” lyVi Two C.•«■//.— 
Upai: Foote’s exait r;,-."c!lu'a‘loa of him v,ith his 
identical uig and eo..;, t.,!i figure, and ghifs fii tiy ap¬ 
plied to his eye, be fc it ii:m .1 c.-.;d complimenting Lii.x 
on having fo happi!/ rcjirdented him ; but a.s he 
had forgot hi; rt.ufi, he had Isn.t him his own.— 
This good-nat'.n’cd way u, reft nr lug difarimd Foote.—- 
Hr tiled to frequent the annual hull at the ladies board- 
ing-fcliqol, Queen Square, merely as a neighbour, a 
p;ood-nat.incd man, and fond of the eompany of iprighrly 
young folks. A dignitary of the church being thtre 
one day to fee his daughter danec, and finding this 
upright figure ihuioned tlicre, told !»'m he lielii wd he 
was limnippus it-divi/us who lived ezuh-litv pjelinrum ■ 
—When he lived at Lvnn, a pamphlet was written 
again ft him ; which he nailed up agnintt his heufe-docr. 
—At the age of Sc, on St. Luke's day 1771, he came 
to Butfon’a coffee-honfe in his laced coat and baud, 
ami fringed white gloves, to (hew himfilf to M:. 
Crofby, then lord mayor. A gentleman prefent ob- 
ferving tlmt he looked very well, he replied, he had 
neither wife nor debts. 

BULLIALD (Ismaf.l), an eminent altrononur 
and mathematician, was born at I.aon in the ilk of 
France in 1605. He travelled in his youth, for the 
fake of improvement, and gave very eaily proofs of 
hib agronomical genius; and his riper years rendered 
him beloved and admired. Riccioli flyled him, st/irc- 
nomus profunda imhfmis. lie fiat publilhed his difler- 
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Cation in tit led, Ph'tlolaus, five tie veto Syflemate Mundi ,* 
or his true fyib.m of the world, according to Philo- 
laus, an ancient philofopher and aftronomcr. After¬ 
ward, in the year 1645, he fet forth his AJlronomin 
Phiiolaica, grounded upon the hypothecs of'theearth’s 
motion, and the elliptical 01 hit described by tJic pla¬ 
net’s motion about a cone. To which he added tables 
intit led, Tctlulx Philolaiex: a work which Riccioli 
fays ought to be attentively read by all ftudenta of 
aftronomy.—lie confidered the hypothefis, or ap¬ 
proximation of bifliop Ward, and found it not to 
agree with the planet Mars ; and {hewed in his defence 
of the Philolaic aftronomy agaiufl the bfthop, that 
from four ohfervations made by Tycho on the planet 
Mars, that planet in the firfl and third quarters of the 
mean anomaly, was more forward than it ought io be 
according to Ward’s hypothefis j but in the 2d and 
4th quadrant of the fame, the planet was not fo far 
advanced as that hypothefis required. He therefore 
fet about a correflion of the bifhop’s hypothefis, and 
made it to anfwer more exactly to the O’bits of the 
planets, which were mini eccentric, and introduced 
what ic calkd, by Street in his Caroline Talks , the 
Variation : for thefe tables were calculated from this 
correct ion of Bulliald’s, and exceeded all in cxiuSlncfs 
that went before. This correction is, in the judg¬ 
ment of l)r. Gregory, a very happy one, if it be not 
i" t above its due place; and be accounted no more 
t.nn a correction of an approximation to the true fyf- 
t....: for by this means we are enabled to gather the 
coequate anomaly a priori and dircdtly from the mean, 
and the obfervations are well enough anfwered at the 
fame time ; which, in Mercator’s opinion, no one bad 
eiTvied biiore.— It is remarkable that the elliplis 
which lie h is chefen for a planet’s motion, is fuch a 
one a--, if cut out of a cone, will have the axi; of the 
cone p-ilTIng through one of its foci, viz, that next 
the aphelion. 

In 1677 was publifhed his treatife De Litteis Spira- 
Id vs. Jlxtre. (limit. AJlron. Paris, 410.' — In > 6^2 
came out at Paris, in folio, his large work 1 at;tied. 
Opus ii 'z vm cd AriAmeticam Jnfmiarum: A work 
which is a difliife amplification of Dr. Wallis’s Aiitli- 
nietlc of infmit.es, and which Wallis .treats of parti- 
cii'mly in the both chapter of his hiflorieal treatife of 
Algebra.—lie wrote alio two Admonitions to Aftro- 
noilier''. The firft, concerning a new ftar in the neck 
of the Whale, appealing at ionu- times, and diutp- 
pearing at oilier;;. The cd, concerning a nebulous 
liar in the not them part of Andromeda’s girdle, not 
difeorertd by any of the ancients. This fiar alfo ap¬ 
peared and difappeared by turns. And as tlicfe phe¬ 
nomena appeared new and furprizing, he flrongly re¬ 
commended the obferving them to all that might be 
curious in aftronomy. 

BURNING, the action of fire on fome pabulum or 
fuel, by which its minute parts arc put into a violent 
motion, and fome of them, afluming the nature of fire, 
fly off in orient , while the reft are diifipated in vapour 
or reduced to afhet.. 

Burning -Glafs, or Burning-Mirror, a machine by 
which the fun’s rays arc collefled into a point j and 
by that means their force and cffcfl are extremely 
heightened, fo as to burn objects placed in it. 


Burning glafles are of two kinds, convex and concave. 
The convex ones are lenfes, which acting according 
to the laws of refradlion, incline the rays of light 
towards the axis, and unite them in a point or focus. 
The concave ones are mirrors or refkdlors, whether 
made of poliflicd metal or filvered glafs, and which 
afting by the laws of reflection, throw the rays back 
into a point or focus before the glafs. 

The ufe of burning glafles it appears is very an¬ 
cient, many of the old authors relating fome effedts of 
them. Diodorus Siculus, Lucian, Dion, Zonaras, 
Galen, Anthemius, Euftatius, Tzetzes, and others, 
relate that by means of them Archimedes fet fire to the 
Roman fleet at the fiege of Syracufe. Tzctzes is fo 

J iarticular in his account of this matter, that his <le- 
cription fuggefled to Kircher the method by which it 
was probably accomplifhed. That author fays that 
“ Archimedes fet fire to Marcclhis’s navy by means of 
a burning glafs compofeci of fmall fquare mirrors, 
moving every way upon hinges; which when placed in 
the liiu’s rays, directed thun upon the Roman fleet, 
fo as to reduce it to allies at the diitancc of a bow- 
fllot.” And the burning power of refledtors is men¬ 
tioned in Euclid’s Optics, theor. 71. Again, Ariilo- 
plianes, in his comedy of The Clouds, introduces So¬ 
crates as examining Strcpiiades about a method he had 
difcovered of getting clear of his debts. He replies, 
that “ he thought of making ufe of a lntrning-glafs 
which he had hitherto nfed in kindling his fire; for 
Iho.ild they bring a writ againll me. I’ll immediately 
place my glafs in the fun at fome little diftance from 
it, and fet it on fire.” Pliny and Ladtantius have 
aHo fpoken of glafles that burn by refradlion. The 
former calls them balls or globes of crvflal or, glafs, 
which being expofed to the fun, tranfmit a heat fufli- 
cicnt to fet fire to cloth, or corrode the dead flefli of 
thofc patients who {land in need of cautlics ; and the 
latter, after Clefftens AUxandrinus, obferves that fire 
may be kinkled by interpofing glafles filled with water 
between the fun and the objedl, fo as to tranfmit the 
rays to it. 

Among the ancients tlie moll celebrated burning 
mirrors were thofe of Archimedes and Produs; by 
the former was burnt the fleet of Marcellus, as above 
mentioned; and by the latter, the navy of Vitellius,. 
befieging Byzantium, according to Zonaras was burnt 
to umes. , 

Among the modedp the moft remarkable burning- 
glafles, arc thofe of Magine of 20 inches diameter: 
of Scpntala of Milan, near 42 inches diameter, and 
which burnt at the diftance of iy feet; of SettrJa of 
Viliettc, of Tfchirnhaufen, of Bufi’on, of Trudaine, 
and of Parker. 

VAlette, a French artift at Lyons, made a large 
mirror, which was bought by Tavernier, and prefent- 
ed to the king of Pruflia; a fecond, bought by the 
king of Denmark; a third, prefcated to the Royal 
Academy by the king of France; and a 4th came to 
England, and was publicly {hewn. This mirror is 47 
inches wide, being a fegment of a fphere of 76 inch's 
radius; fo that its focus is about 38 inches from the 
vertex ; and its fubftance is a compofition cf tin, cop¬ 
per, and tin-glafs. Some of its effe&s were as fol¬ 
low : 


A diver 
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fee. 

A filler fixpence melted in • - 7 { 

A George the tft‘8 halfpenny in - 16 

and runs with a hole in ’ • -34 

Tic melts in . . - - 3 

Call iron in - ... 16 

Slate in - - - 3 

A foflt! (hell calcines in - ■ -7 

Piece of Pomp ey ’s pillar vitrifies, the black part in 50 

. the white part in 54 
Cepper ore in . - . 8 

£one calcines in 4, and vitrifies in - 33 

An emerald melts into afubllance like a torqueis Hone; 
a diamond weighing 4 grains lofes j of it;; weight: th* 
afbeftos vitrifies ; as all other bodies will do if k«'pt long 
enough in the foeus; but when once vitrified, the 
jnirror can go no farther with them. Philof. Tranf. 
vol. iv. pa, 198. 

Tfcliiriiliaufen’s reflecting mirrors produced equal¬ 
ly furpriyiug efiects; as they may be li.cn delrrihcd in 
the A£la Emdit. for 16S7, pa. 32. And other per- 
fonshave made very good ones of wood, 11 raw, paper, 
ice, and other fubllanccs capable of taking a proper 
form and polifh. 

Every lens, whether convex, plano-convex, or con¬ 
vexo-convex, cellc&s the fun’s rays, difperfed over its 
convexity, into a point by refract ion ; and it is there¬ 
fore a buming-glafs. The moil conliderable of this 
kind is that made by Tfchirnhaufen, and deferibed in 
the fame A6ta Erudit. The diameters of his lenfes 
are from 3 to 4 feet, having the focus at the diftance of 
iz feet, and its diameter an inch and a half. To make 
the focus more vivid, the rays are collected a fecond 
time, by a fecond lens parallel to the firll, and placed 
at fach a diftance that the diameter of the cone of rays 
formed by the firft lens is equal to the diameter of the 
fecund 5 lo that it receives them all; and the focus is 
reduced from an inch and a half to half the quantity, 
and consequently its force is quadrujflec). This glafs 
vitrifies tiles, Hates, pumice-flones flee, in a moment. 
It melts fulphur, pitch, and all lofius, under water; 
the afhes of vegetables, woods and oilier matters, are 
tranfmuted into glafs; and everything applied to its 
focus is cither melted, changed into a calx, or into 
fumes. The author obferves that it fucceeds bell when 
the matter applied is laid on a hard charcoal well burnt. 

.—But though the force of the folar rays be thus found 
fo furprlzing, yet the rays of the fell moon, collect¬ 
ed by the fame buming-glafs, cWhiot ihew the lealt in- 
crenfe of lieat. 

Sir I fane Newton prefented a barning-glafs to the 
Royal Society, confiding of 7 concave glafies, fo 
placed that all their foci join in one phyficul point. 
Each glafs is about 11 f inches diameter : fix of them 
sure placed contiguous to, and round the feventh, form¬ 
ing a kind of fpherical fegment, whofe fubtenfe is 
about 34* inches: the common focus is about 22$ 
inches did ant, and about an inch in diameter. This 
glafs vitrifies brick or tile in 1 fecond, and melts gold 
in 30 fecondt. 

|il. B uffon affo made a variety of very powerful burning- 
glades, both as mirrors and as lenfes; but at length con¬ 
cluded with one tvhich is probably of the fame nature 
with tlat of Archimedes, and couliiled of 400 mirrors 


reflecting their rays all to one poi:u* and with which 
lie could melt lead and tin at the diftance of 140 feet; 
and with others he confumed fubllances at the difiance 
of 210 feet. See Philof. Tranf. vol. 44: or Buf 
for/s Hiiloirc Naturelle, Suppl. vol. 1 ; 01 Montuc.h’a 
Hilloire des Math. vol. i. pa. 24C. 

It would feein there is no fubltance capable of refill¬ 
ing the efficacy of modern burning-gl tfles; though water 
&c. arc not yfieob-d by them at all. Thus, Meffis 
Macqner and Ban; have fuccceded in melting fin nil 
poitions of pl.itiua ly means of a concave glafs, zt 
inches diameter, and 28 inches ficus; though this 
metal is not fufiblr by tiie ftr ngi.lt fires that can Le 
excited In finances, or f’/i iced hr any chemic*’! appa- 
rat us. Yet it was long line obferved, by the A cade- 
mieians del CimcntO, that fpirit of vine could not ’>■’ 
fired by any burning-glnfs wl-ii h the; uferj ; .and nu*- 
witiillandiiig the great improveineuu ihtlc in!lnim*Tfff 
have liroe received, M. Noll-t has not beet; able, by 
the molt powerful horning minors, to let fire to any 
inflammable liquors whatever. 

However, a large burning lens, for filling and vitri¬ 
fying fucli fubllances as refill the fires of furnaces, an I 
cfpeeially for the application of lent in vacuo, and in 
certain other circumilanccs in which heat cannot be 
applied by other means, has long been a delideratum 
with perfons concerned in philofophical experiments; 
and this it appears is now in a great tneafure r.cco;:,- 
plifhed by Mr. Parker, an ingenious glafs manufac¬ 
turer in l*leet-fi.recl, London. His lens is made of 
flint glafs, and is 3 feet in diameter, but when fixed in 
its frame expoles a furface of 32 inches in the clear ; the 
length of the focus is 6 feet 8 inches, and its diameter 
one inch. The rays from this large lens are received 
and tr.mfmilted through a fmallcr, of 13 iiuhes dia¬ 
meter in the clear within the frame, its focal length 29 
inches, and diameter of its focu.; 3-8*1 hs of an inch; 
fo that this fecond lens increaft*'* the power of the for¬ 
mer more than 7 times, or as the lqnare of 8 to the 
fquarc of 3. 

From a great number of experiments made withtt • 
lens, the following are lcleded to Jer,vc t;s fpeciimns of 
its powers: 


Subflances fufed ; with their wtight, 
time of fufton. 

Scoria of wrcijght iron 
Common Hate 

Silver, pure - - - 

Platina, pure - - 

Nickell - 

Cail lion, a cube - 

Kcarfh - - - 

Gold, pure - - 

Cryllal pebble - - 

Cauk, or terra ponderofa 

Lava - 

Albertos - 

Bar Iron, a cube - 

Steel, a cub* - - - 

Garnet - - 

Copper, pure - 

Onyx - - 


and|r.mc'Wri g i.t 

jin feed it, grj. 


2 T2 

2 IO 

3 20 

3 10 

3 16 

3 10 

3 10 

4 20 

6 7 

7 10 
7 JO 

10 10 

12 10 

12 to 
17 JO 

20 33 

20 to 


Zeolites 
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SUBSTANCES FUSED, Ac. 


Zeolite* - - 

Pumice Stone 
Oriental Emerald 
Jafper 

White Agate 
Flint, oriental 
Topaz, or chryfolite 
Common Limeftonc 
White rhomboidal Spar 


Volcanic Clay 
Comifii Moorftone 
Hough Cornelian 
Hut ten Stone 


Time 
in Sec. 

Wgt 
i» grs. 


10 

*4 

10 

*5 ; 

z 

2? ! 

10 

3 ° 

10 

30 

10 

+s 

3 

55 

to 

60 

10 

60 

10 

60 

to 

75 

TO 

1 80 

IO 


Burning Zone, or Torrid Zone, 


lie fpace within 


degree* of the equator, both north and fouth. 


BUSHEL, t meafure of capacity for dry good* ; 
as grain, pulfe, fruits, &c j containing 4 pecks, or 8 
gallons, or 4 of a quarter. By a& of Parliament, made 
in 1697, it was ordained that “Every round bufliel 
with a plain and even bottom, being made |Sf inches 
wide throughout, and 8 inches deep, (hall bPfelleemed 
a Legal Winchetter Bufliel, according to the ftandard 
in his majefty’s exchequer." Now .a bufliel being thus 
made will contain 2150*42 cubic inches, and confe- 
quently the corn gallon contains only 268* cubic inches. 

BUTMENTS, are thofe fupporters, or props, by 
which the feet of arches, or the extremities of bridges 
are fupported; and fliould be made very flrong and firm. 

BUTTRESS, is an arch, nr 3 mafs of mafonry, 
ferving to fupport the fides of a building, wall, or the 
like, on the outfide. See Arch, and Aacn-aou- 

TA N' T. 





C A I 

A 1 LLE (Nicholas Lewis de la), an eminent 
French mathematician and altronomer, was born at 
Rttmigny in the diocefe of Rheims in 1713. His fa¬ 
ther having quitted the army, in which he had ferved, 
amufed himfelf in his retirement with (ludying mathe¬ 
matics and mechanics, in which he proved the happy 
author of fevera! inventions of confiderable ufe to the 
public. From this example of his father, our author 
almoft in his infancy took a faucy to mechanics, which 
proved of fignal fcrvice to him in his maturer years. 
At fchoul he difeovered early tokens of genius. He 
next came- to Paris in 1729; where he ftudied the daf¬ 
fies, philofophy and mathematics. He afterwards ftu- 
died divinity in the college dc Navarre, with the view 
of cmbiacing the ccclefiaftical life : however he never 
entered into prieft's orders, apprehending that his aftro- 
uomtcal lludies, to which he had become much devoted, 
might too much interfere with his religious duties. 
His turn for aftronomy foon connected him with the 
celebrated Cadi 11 i, who procured him an apartment in 
the obfervatory ; where, aflifted by the counfels of this 
mafler, he foon acquired a name among the aftrono- 
mets. In 1 739 he was joined with M. Caflini de ’L'hury, 
fon to M. Caflini, in verifying the meridian through 
the whole extent of France : and in the fame year he 
was named profeflbr of mathemati » in the college of 
Mazarine. In 1741 our author was admitted into the 
Academy of Sciences as an adjoint member fur aftio- 
nomy ; and had many excellent papers inferted in their 
memoirs t bi fide which he published feveral ufeful trea¬ 
ting, viz. Elements of (Geometry, Aftronomy, Me- 
ch iniis, and Optics. He alfo carefully computed all 
the eriipfes of the fun and moon that had happened 
Vol. I. 
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finccthe chriftian era, which were printed in the work 
entitled i'strt de verifier la dates, &c, Paris, 1750, in 
4to. He alfo compiled a volume of aftronomicai ephe- 
meridcs for the years 174510 1755; another dor the 
years 1755 to 1765 ; and a third for the years 1765 to 
1775 : as alfo the mod correA folar tables of any ; and 
an excellent work entitled AJlronom*fundament* novif- 
fimtsJolts CS *JltUarum obftrvationibusJlabilita . 

Hiving gone through a feven years feries of aftro¬ 
nomicai observations in his own obfervatory in the 
Mazarine college, he formed the project of going to 
obferve the Southern Stars at the Cape of Good Hope: 
being countenanced by the court, he fet out upon 
this expedition in.1750, aud in the fpace of two 
years he obferved there the places of about 10 thou¬ 
sand (tars in the Southern hemisphere that are not 
vilible in our latitudes, as well as many other im¬ 
portant elements, viz, the parallaxes of the fun, moon, 
and Some of the planets, the obliquity of the ecliptic, 
the refradtions, &c. Having thus executed the purpofe 
of his voyage, and no prelent opportunity offering for 
his return, he thought of employing the vacant time in 
another aiduous attempt; no lefs than that of taking 
the meafure of the earth, as he had already done that 
of the heavens. This indeed had been done before by 
different fets of learned men both in Europe and Ame¬ 
rica 5 fome determining the quantity of a degree at the 
equator, and others at the aidtie circle : but it had not 
as yet been decided whether in the Southern parallels of 
latitude the fame dimensions obtained as in the north¬ 
ern. His labours were rewarded with the Satisfac¬ 
tion he wiIhed for; having determined a difiance of 
410814 feet from a place called Klip-T'ontyn to the 
H h Cape. 
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Cape, by means of a baft of 38802 feet, three times 
n&ually meafured ; whence he difeovered a new fecrct 
of nature, namely, that the radii of the parallels in 
touth latitude arc not the lame length as thofe of the 
corrcfponding parallels in ninth latitude. About the 
23d degAe of fuuth latitude he found a degree on 
the meridian to contain 342222 J'aris feet. The court 
of Verfailtes alfo lent him an older to go and As the 
fituation of the Ifles of France and of Bourbon. 
While at tlie Cape too he obferved a wonderful elicit 
of the atmolphere in fume dates of it: Although the 
IIIy at the Cape be generally pine and ferene, yet when 
the foutheaft wind blows, which is pretty often, it is 
attended with fume (1 range and even terrible effects: 
trie liars look larger, and leem to dance; the moon has 
an undulating tremor; and the planets have a fort ol 
beard like comets. 

Ai. de la Caille returned to France in the autumn of 
J754, after an abfence of ahoitt 4 years ; loaded, not 
with the lpoils of the eafl, but with thofe of the louth- 
ern heavens, before then almod unknown to allrono- 
mers. Upon his return, he firll drew’ up a reply to fonre 
ilriitures which the eelehratid Filler had pnblilhed re¬ 
lative to the meridian : after which lie fettled the relults 
of the companion of his obfervatio.is for the parallaxes, 
with thole of other adronomers : that of the I tin he 
fixed at ()'" ; of the moon at o' Mars in tubop- 

polition, 31'jtt j of Venus 3b' . He alto letticd the 
laws by which iitlnmomical lefnu tions are v,tried l.y 
the different dcnlity or rarity of the air. by beat or 
cold, and bv dryiieht or moidure. And l.itliy hclhcwid 
an eafy and practicable method of finding the longitude 
at fea by means of the mom. hits tame being now 
celebrated everywhere, M. dc la Cadle was loon eieiled 
a member of mod of tin.’ academics and fwiitits of 
Furope, as London, Bologna, l’ettrlbuigii, Berlin, 
Stockholm, and Gottingen. 

In 1 760 our author was attacked with a fevere fit of 
the gout ; which however did not interc upt the eourle <1 
his dudits; for he then planned out a new andferge 
wotk, no kfs than a Iriliory of adrommiy through ail 
ages, with a comparifoti of the ancient and ...oderu 
oblcrvations, r.nd the conurj.'lion and tile ot the iu- 
drtmients employed in tnukmg them. Towards the lat¬ 
ter part of tybt, liis conn it .ilion became greatly re¬ 
duced; though 1) is mind nm lined t mu If. O'ted, :m.l i.c 
rcfolutely pevfilled in his it tidies to the hill : dc..lli o.dy 
putting an cud to his laboui.. the 2ld ot Afireh 17 be, 
at 417 yeats of age ; a r iet hav’ug committed his matei- 
feripts to the care and dih-relioii ul nit. eiLv..ied it.end 
M. iVlataidi.- 

Befide the ptiblieati ms before rne-i.ff .aid, at.d t er- 
tiapii fome others aitiu, he had a vail 11'imhci .idcrled in 
fdtc volumes of the Memoits 0} tireT'ie. h Academy 
of Science r, much r on tttnnei ous indeed, li o 1 !i vuy 
impot t.int, tone here ail mentioned p.u l.-cul.iiiy ; Ir.liiee 
it tiieicfoic jail to culliuguifii tile yeats of thofe 
volumes in v. Inch his pieces at c to La iu .rid, by the fol¬ 
lowing lift of them, ve/., 1.41, 1742, 1743, 174.4, 

3 745, i -,4(1, 1747, I 4 ,; :, 1 74 <y, 1 •; ?-J, ' 75 > > > 75 > 

2 7S 3» *-S4, >75 n i 1 7 5 /• vMb > > >‘J» *7°i 
i'6t, 1763; in all or moil ok v.-heh ye:.is theit aic 
two or three or more of his paper... 

CAISSON; iu Architetliuie, a kind of died or flat- 


bottomed boat, in which the pier of a bridge is built, 
then funk to the bottom of the water, and the lides 
loolened and taken off from the bottom, by a contri¬ 
vance for that purpofe ; the bottom of the cniflbu be¬ 
ing left under the pier as a foundation to it. The eaif* 
fon is kept afloat till the pier is built to above the height 
of low-water mark; and for that purpofe, its lides are 
either made of more than that height at firll, or elf: 
gradually raifetl to it as it links by the weight of the 
work, fo as alwtys to keep its top above water. Mi. 
l.abelye tells us, that tiic cailunia in which he built 
fume of the pieis of VVellminller bridge, contained 
above I 50 load of fir timber, ot 43 cubic feet each, 
and that it was of more tonnage or capacity than a 
40 gun fliijr of v.-.ir. 

Caisson, in Military Affairs, is fbnietimes tied for 
ached ; and in particular for a bomb or flnli chedf, and 
i.; ufed as a fuperfieial mine, or fournea’i. This it done 
by filling :t chill eill.tr with gun powder anil loaded 
lliells, or eUc with dull, alone, and burying it in a fpot 
where an enemy, tieGegmg a place, is expected to come, 
and then lit mg it bv Irani to blow the men up. 

CAl.Cl’FATlON, the aril of computing fevcrsl 
funis, l»v adding, iiibtruetinp, multiplying, dividing, 
ike. From r,:l , in a'liliuii to the practice of 
the ancients, who ulld r.tla.n, or h tie Hemes, in 
making 1 i.mjnilati.ii,?, in tnl.mg lulhngis, «.nd iu 
keeping conn! ., .kc ; as we now life counters, ligitf", 
&c. Calculation is mure p uiicid.uly tiled to rgwdy 
the computations in allnatomy, t.ig aicnutry, >kc, lor 
making tables of allrono.n■ , ..f logaiithm.-., r;.>!u m,- 
riu 1 s, iuuling the times of n h;,!c-, and loch Ike. 

CAFCU LATOU, a pet ion will. Ii’.ahi, .•! p ut: US 
calculatitn.s.—It is alio the name given by Mi. i n" u- 
fon t.» a tmtchitie in the ihapc <>t ;.u onviv, wii.ci. h r 
conllruClid for exhibiting t lie muLiot.s of the eat to a'c.L 
moon, andrelohiug a variety of niti-ononiica: piutkcit.:., 
See his Aiiron. 4to pa. 265, or 8vo pi. 3e>3. 

CAFCI’LA'I OUFS, were tuicicin’y accountants 
who iicl.or.iii then turns liy ot little 11 me.., or 

cot:iUi:s.— in aticu nl canons t..i> we find a toil ol ib- 
vh.e.s or eiiehatucrs, cealured uiidei the tleiiunii.ui,.»u 
ot »•/.»..*» a! ,r\ r. 

CAi.e CI.l. S denotes primaiilv a fmall Rune, rub* 
l.’.e, or 000.ter. ttlidb-: tlie auci. ius inmakingc.dvul.i- 
t.’cu.s or 1 omo'.ii it 011s, taking ol luiiiagcs, playing aL 

« 1 1 I .* } * t 

*4.1 G 11 A‘ ilkCi 

Caocui.V-s denotes now a certain way ol pet form¬ 
ing rn..lbciiiatii a! iinvdignt ions and ivloiuliuti:.. Tin;-,, 
\ve I iy the Arithmetical <>r Niuncinl Calculus, the 
gcbraic.il Calculus, the Uilieienli.il Calculus, tin: Fx- 
putuiUitd Calculus, the l'luxional C-dculus, the lute mei 
Ci.'n ului., tlie Filend or Bvmliohoal Calculus, t.e; ior 
wl.iidi, fee each re'peetue word. 

or A'uai-ri/L'.iLt'ul.vs, is the miiliod 
of ]icrf..r..dng ai itlnuetieal cuinputatioiis by numlnrs. 
bv - 1 11: MKTte-, and Kuril* t-.a. 

Ay. i-1l.iii-ral , or Symbolical Cai.CUI.us, is the 
rvju.cd ol peiforming al.jeluaical calculations Ly ict- 
leis or ..tliei tj .nbuls. See Alc.kbua. 

/by .. -.-iiiai Calculus, is the arithmetic of the in- 
deiu.iuly in.all differences of variable (juantitics ; a 
rrede of cor.uuitation mucli ufed by foreign nu.thema- 
tieiauS) and introduced by Lcibnil/^ as limilar to tin; 

lli'Jwil wvl 
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method of Fluxions of Newton. See Differential 
See. 

Exponential Calculus, is the applying the fluxional 
or diffcrcntia.1 methods to exponential quantities ; fuels 

as a x t or .v*, or ay*. See. See Exponential. 

1 'iuxh.nal Calculus, is the method of fluxions, in¬ 
vented bv Newton. See Fluxions. 

luhn! Calculus, or Sumniaturhir, is a method of 
integrating, or fnmming up dilruenti.il quantities ; and 
is liniilar to the linding ol' fluents. See In rt'ORAi. and 
1 ‘lui X r. 

Calculus JAlerali. r, or l.i'cral C,:/.-i;h.r, is the fame 
with algihra, or Ipecious aiitlumtie. In called from its 
tiling the litters of the alphabet ; in c.mui'-dillineti.jn 
to numeral arithmetic, in which figures are tiled. 

CALENDAR, or Kai .1-mmk, a ilillribution «)f 
time as accommodated to tin. tiles of life; or an Alma¬ 
nac, or table, continuing the order of chits, weeks, 
mouths, leads, &c, occurring in the courfe of the year : 
being fo called from the word C.thrit.r, which among 
the Romans den.it d the liril days of every month, anil 
anciently was written in large charatfcis at the head of 
<aeli month. See Almanac, Callnu.-, Month, 
Time, Yfar, fee. 

In Calendars the days were originally divided into 
ofloiides, or eiglits ; hut aficrwnulr, in imitation of the 
jews, they weie divided into lubdornades, or fevens, 
for w lint we now call a week : wlneb cuitom, Sealiger 
oblerves, was not in ul’e among the Romans till aftti the 
time of Theodoiius. 

Diversealeiulaiii arc elh'bliflicd iu different countries, 
according to the different forms of the year, and dillii- 
lnit ions of time : As the I Yi linn, the Roman, the Jovilli, 
the Julian, the Crcgorian. fee, calendars.—The ancient 
Ronrm Calendar is given by Ricciolus, Stiuviur, Danct, 
anil others; in which we perceive the order and num¬ 
ber of the Roman holy-days and work-days.—The 
Jeivilli calendar was fixed bv Rabbi Ilillel, about tbe 
Near 300; from which time the days of their year may 
be reduced to tliofe of tbe Julian calendar.—The three 
Chi iltian calendars are given by WolfhiB in bis Elements 
of CfiroTiology ; as alio the Jewilli and Mohamedaii 
calendars. Ollier writers 011 ihc calendars arc Vieta, 
Chi 1 ins, Sealiger, Rlouckl, fee. 

"/ /). Roman Call Mia k was fit ft formed by Romu¬ 
lus, who dillribuieei lime into I'evir.il periods for the life 
of hi.- fullowci s and people. He divided the year into 
to months, of 304 tlavs; beginning- on the full of 
March, and endin''; with lJi cember. 

Nuraa reformed the calendar of Romulus. lie 
added themoiitbs of January and February, making it 
to commence 011 the ill'll of January, and to eonlill of 
395 da) s. liut as this was evidently deficient of the 
true year, be oidtrcil an intercalation of 49 days to be 
made every .4 years, in this manner, viz. Every 2 years 
an additional montlrof 22 days, between February and 
March ; and at the end of each two years more, ano¬ 
ther month of 23 days; the month thus iuterpofed, 
being called Marcedonins, or the iuteiealary February. 

Julius Cadar, with the aid of Soiigcnes, a celebrated 
ailronomci of tliofe times, farther reformed the Ro- 
imm calendar, from win nee aroic tlu: Julian calendar, 
,-iud the* Julian or old Uylc. Finding that.the fun per¬ 


formed his annual courfe in 365 days and a quarter 
neatly, he divided the year into 365 days, but every 4th 
year 36O days, adding a day that year before the 24th 
of February, which being the fith of the calends, and 
being thus reckoned twice, gave occaiiou to the name 
lijjexlile, or what wc alfo call leap-year. 

This calendar was farther reformed by order of the 
pope Gregory XIII, from whence arufe the term Gic- 
gorian calendar and llyie, or what :ve aifo call the new 
-llyie, which is now obferved by altnoll all European na¬ 
tions. The year of Julius wa; loo long by nearly 11 
minutes, which amounts to about 3 days iu 400 years ; 
the pope thcrcfoie, by the advice of Claims and Ciaeo- 
nius, ordained that then- fliould be omitted a day in 
every 3 centuries out of .4 ; lo that every century, 
which would otherwife be a biifcxtile year, is made to be 
only a common year, excepting only fiich ciuturics ?.s 
are exactly divifible by 4, which happens once in 4 cen¬ 
turies. bee IjissLx i ttr. '1 his reformation of ihe ca¬ 
lendar, or the new llyie, as wc call it, commence d in the 
countries under the popilh influence, on the 4th of Oc¬ 
tober 1582, when 10 days were omitted at otnv, which 
bad been over-run Alice the time of the council of Nice, 
in the year 325, by the fuipius of 11 minutes each 
year. Hut in England it only commenced in 1752, 
when 11 days were omitted at once, tbe 3d of Sep¬ 
tember being accounted the 1.4th that year ; as the Itu- 
plus minutes bad then amounted to 11 days. 

Julian Ckriflian Calendar, is that in which tbe 
days of the week are determined by the letters A, li, 
C, D, E, F, G, by means of the folar cycle ; and the 
new and full moons, particularly the pafchal full moon, 
with the feall of Fuller, and the other moveable fca(l» 
depending upon it, by means of golden numbers, or lunar 
cycles, rightly difpoied through the Julian year. bee 
Cycle, and Golden Nun her. 

lit this calendar, it is fuppofed that the vernal equi¬ 
nox is fixed to the 2 1 11 dav of March : and that the 

^ ' m 

golden numbers, or cycler. of 19 years, eonllantly indi¬ 
cate the places of ike new and full moons ; though 
both are erroneous ; and fiom hence arofc a great ir- 
legulnrity in the time of Fuller. 

Gregorian Calendar, is that which, by means of 
Epaifts, rightly difpoied through the- feverai months, 
determines the new and full moons, with the time ol 
Fuller, and the moveable feafls depending upon it, in 
the Gregorian year. This ililfers therefore from tlie 
Julian calendar, both in the iorin of the year, and in 
as much as epafts are iubilitutcd initeail of golden 
numbers. See Epac i . 

Though the Gregorian calendar be more accurate 
than the Julian, yet it is not without imperfections, 
as Sealiger and Calviiius have fully /hewn; nor is it 
perhaps pofiible to devife any one that Until be quite 
perfect. Yet the Reformed Calendar, and that which 
is ordered to be oldened in England, by aCt ot Parlia¬ 
ment made the .'.4th of Gauge 11 , conic very near to 
the point of accuracy : For, by that aCl it is ordered 
that “ Falter-day, on which the 1 ell depend, is always 
the fall Sunday after the full moon, which happens 
upon, or next after the 2 ill day of March ; and it the 
full-moon happens upon a Sunday, Fuller-day is the 
Sunday after.” 

Reformed, or Curni/eJ, Calendar is that which, 
H h a rejecting 



CAL [236 CAL 


rejcSing all the apparatus of golden numbers, epafts, 
and domin'cal letters, determines the equinox, and the 
pafchal full-moon, with the moveahle feafts depending 
upon it, l>y computation from ailrouomical tables. 
This calendar was intiocluced among the proteflant 
ftates of Germany in the year 1700, when it days 
were omitted in the month of February, to make the 
corrc&ed flyle agree with l!ie Gregorian. This altera¬ 
tion in the form of the year, they admitted for a time ; 
in expectation that, the true quantity of the tropical 
year being at length more accurately determined by 
ubfervation, the Romanics would agree with them on 
fome more convenient intercalation. 

French Sav Calendar, is a quite new form of ca¬ 
lendar that commenced in France on the 2 2d of Sep¬ 
tember 1792. At the time of printing this (viz, in 
July 1794), it does not certainly appear whether 
this new calendar will be made permanent or not; but 
merely as a curiofity in the fcience of chronology, 
a very brief notice of it may here be added, as fol¬ 
lows. 

The year, in this calendar, commences at midnight 
the beginning of that day in which falls the true au¬ 
tumnal equinox for the ohlervatory of Paris. The year 
is divided into 12 equal months, of 3c days each ; 
after which 5 fupplementary days are added, to com¬ 
plete the 365 days of the ordinary year : thefc 5 days 
do not belong to any month. Each month is divided 
into three decades of to days each ; diftinguiflied by til, 
2d, and 3d decade. All thefe are named according to 
the order of the natural numbers, viz, the id, 2d, 3d, 
&c, month, or day of the decade, or of the fupplemcn- 
tary days. The years which receive an intercalary day, 
when the pofition of the equinox requires it, which wc 
call cmholifmic or biffextile, they call olimpic ; and the 
period of four years, ending with an olimpic year, is 
Called an olimpiade ; the intercalary day being placed 
after the ordinary five fupplementary days, anil making 
the lafl day of the olimpic year. Each day, from mid¬ 
night to midnight, is divided into ic parts, each part 
into 10 others, and fo on to the lull meafurable portion 
of time. 

In this calendar too the months and days’of them 
have new names. The firft three months of the year, 
of which the autumn is compofcd, take their ctymo- 
Jogy, the firft from the vintage which takes place from 
September to CV.tolier, and is called vtndcmtnrt ; the 
fecond, brumairc, from the mills and low fogs, which 
fhew as it were the traufudation of nature from Oc¬ 
tober to November: the third,// imaire, from the cold, 
fometimes dry and fountimes moill, which is felt from 
November to December. The time winter months 
take their etymology, the firft, nivo/r, from the fnow 
which whitens the earth from December to January ; 
the fecond, f'/uvio/r, from the rains which ufually /all 
in greatci abundance from January to February ; the 
third, vrntojc, from the wind which dries the earth 
from February u» March. The three Ipring months 
take their et vnmlogy, the firft, germinal, from the fer¬ 
mentation and development of the fap from March to 
April; the fecond, Jioreat, from the blowing of the 
flowers from April to May : the third, prolrial, from 
the finding fecundity of the meadow crops from May 
to June. Laftly, the three fummer months take their 


etymology, the firft, mejfidor , from the appearance of 
the waving cars of corn and the golden harvclls which 
cover the fields from June to July ; the iecond, thermi- 
dor, from the heat, at once folar and terreftri d, which 
inflames the air from July to Attguft ; the third, fruc- 
tidor, from the fruits gilt and ripened by the fun fiom 
Augull to September. Thus, the whole 12 months arc. 

Autumn. Spring. 

Vendemairc Germinal 

lirumaire Floreal 

Ftimaire. Praiiial. 

Winter. Summer. 

Nivofe Mefltdor 

l’luviofc Thcrmidor 

Ventole. Fru&idor. 

From tliefe denominations it follows, that by the 
mere pronunciation of the name of the month, every¬ 
one readily perceives three things and all their relations, 
viz, the kind of feafon, the temperature, and the (fan- 
of vegetation: for inllance, in the word germinal, his 
imagination will eafily conceive, by the termination of 
the word, that the fpring commences ; by the confirm 
tion of the word, that the elementary agents are hu« 
fied 5 and by the fignification of the word, that the 
buds unfold themfclvcs. 

As to the names of the days of the week, or decade 
of 10 days each, which they have adopted inftead el 
feven, as thefe bear the ftamp of judicial aftrology and 
heathen mythology, they are limply called fiom the 
firft ten numbers; thus, 

Prinjdi Sexridi 

Duodi Septidi 

Tridi Oct id i 

Qm irtiili Nonidi 

Qm’ntidi Ptcadi. 

In the almanac, or annual calendar, inftead of the 
multitude of faints, one for each day of the year, as in 
the popiih calendar®, they annex to every day the name 
of fome animal, or utcnfil, or woik, or fruit, or flower, 
or vegetable, See, appropriate and moll proper to the 
times. 

rfjlrunomkal Calvnoar, an inftrument engraven 
upon copper-plates, printed on paper, and pafttd on 
board, with a brafs Aider which carries a hair, and 
ftiews by infpeftion, the fun’s meridian, altitude, right 
afcenlion, declination, rifing, fitting, amplitude, &c, 
to a greater exactnefs than tan he Ihtvvn by the com¬ 
mon globes. 

CAEENDS, C.i.’niitr, in the Roman Chronology, 
denoted the Itrll days of each month ; being fo named 
from xwcXtv, rnfo, / rail, or p'odaim ; bccaufc that, be¬ 
fore the publication of the Roman Fa/ti, and counting 
their months bv the motion of the moon, a pried was 
appointed to ohferve the firft appearance of the new 
moon ; who, having fi--n lift, gave notice to the prcli- 
dent of the facrilices- to offer one; and calling rhe 
people together, he proclaimed unto them how they 
ftioukl reckon the days until the nones; pronouncing 
the word Cairo 5 times if the nones fhould happen on 
the jth day, or feven times if they happened on the 
7th day of the month. 

The calends were teckoncd backwards, or in a re¬ 
trograde 
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trogradc order: thus, for example, tlie fir!! of May 
being the calends of May ; the laft or 30th day of 
April, was the pr'tilie calendarum, or ad of the calends 
of May ; the 29th of April, the 3d of the calends, or 
before the calends : and fo back to the 13th, where the 
ides commence; which are likewife numbered back¬ 
wards to the yth, where the nones begin ; winch are 
alfo reckoned after the fame manner to the full dayof 
the month, which is the calends of April, 

Hence comes this rule to find the day of the calends 
anfwermg to any day of the month, viz, Confiderhow 
many days of the month are yet remaining after the day 
propofed, and to that number add 2, for the number 
of or from the calends. For example, fuppofe it were 
the 23d day of April, it would then be the 9th of the 
caledns of May: for April containing 30 days, from 
which 23 being taken, there remains 7 ; to which 2 
being added, makes the fuin 9. And the reafon for 
this addition of the conftant number 2, is becaufe the 
laft day of the mouth is called the 2d of the calends of 
the month following. 

CALIBER, 01 Cai.ipkr, is the thicknefs or. dia¬ 
meter of a round hotly, particularly the bore or width 
cl a piece of ordnance, or that of its hall. 

Cam 11 1. k - Comj/ifjrs, nr Cacw v.9.~Compaffes v 01* fim- 
ple Caui’his, a fort of eoinpafles made with bowed 
01 arched legs, the better to take the diameter of any 
round body ; as the diameters of balls, or the bores of 
guns ; or the diameter, and even the length of calks, 
and fucii like. The he if fort of calipers ufually con- 
t.si the following articles, viz, ill, the mcafurc of con¬ 
vex diameters in inches &e ; 2d, of concave diame¬ 
ter..: 3d, th e weight of iron flrot of given diameters; 
4th, the weight oi iron Hurt for given gun bores ; jth, 
the degrees of a feniieircle ; 6th, the proportion of 
troy and averdiipuis weight ; 7th, the proportion of 
Login'll ami French feet and pounds weight ; ihh, fac¬ 
tors tiled in circular and fpherical figures; 9th, ta¬ 
bles of the fpeeilic gravities and weights oi bodies ; 
lOlii, tables uf the quantity of powder neceflary for 
the pit ad and ferwrc of brafs and iron guns-; 1 tth, 
rules for computing the number of Ihot or Ihells in a 
oomph te pile ; 12th, niles for the fall or Jcleeut of 
heavy bodies; 13th, rules for the railing of wain ; 
14th, rubs for firing artillery and mortars; 15th, a 
line of inches; 16th, logarithmic feales of numheis, 
fines, veiled fines, and tangents ; 17th, a fi(floral line 
of equal p.trts, or the line of lines; jSth, a i.Ctoral 
line of planes and fuptilicies; and 19th, a icdoul 
line oi folids. 

Camphc Ptriad, in Chronology, a period of 76 
years, continually recurring; at every repetition of 
which, it was liippoltd, by its inventoi Calippus, an 
Athenian allronomer, that the mean new and full moons 
would always return, to the fame d; and hour. 

About a century lx.fore, the gulden number, or cycle 
«f 19 years, lud been invented by Mtton, which Ca- 
lijqms finding to contain 19 of Nabonaffar’s ) ear, 4 
days and j to avoid fractions he quadrupled it, and 
fo produced his period of 76 years, or 4 times itj ; after 
which he fuppofedall the lunation:- fvc would icgularly 
return to the fame hour. But neither is this exact, 
as it brings them too late by a whole day in 225 
years. 


CAMBER-Beam, a piece of timber cut arch-wife, 
or with an obtnfe angle in the middle. They are com¬ 
monly ufed in platforms, as for church-roofs, and other 
occalions where long timbers are wanted to lie at a 
fmall flope. A camber-beam is much ftronger than 
another of the fame dimenfions; for being laid with 
the hollow fide downwards, and having good hutments 
at the ends, they ferve for a kind of arch. 

CAMELKON, one of the conllellations of the 
fouthern heinifphcre, near the i’outh pole, and invili- 
ble in our latitude. There are 10 ftars marked in this 
conllellation in Sharp’s catalogue. 

CAMELOPARD ALUS, a new conllellation of 
the northern hemifphere, formed by Hevelius, eonfifling 
of 32 flars firil obferved by lnrn. It is fituated be¬ 
tween Cepheus, Caffiopeia, Perfeus, the Two Bears, and 
Draco; and it contains 5S liars in the Britifh cata¬ 
logue. 

CAMERA JF.olia, n name given by Kircher to a 
contrivance for blowing the fire, for the fulion of ores, 
without bellows. This is effected by means of water 
falling through a funnel into a clofe vefi’el, which lends 
turn it fo much air or vapour, as continually blows the 
fire. See Hook’s Philof. Coll. n° 3, pa. So. 

Cami ra Lucid j, a contrivance of Dr. Hook to 
make the image of any thing appear on a wall in a 
light room, either by day or night. See Philof. Tranf. 
iT 3S, pa. 74T. 

Camira Obfcura , or Dari Chamber, an optical ma¬ 
chine or apparatus, representing an artificial eve, by 
which the images of external objects, received through 
a dou’i le convex glufs, arc llicwn diftinftly, and in their 
native colours, on a-white ground placed within the ma¬ 
chine, in the focus of the glafs-. The firil invention of 
the camera obfcura is aferibed to John Baptifla Porta. 
See his Jllafa Tdtuurnlis, lib. 1 7, c<:p. 6, where lie largely- 
diftribes the effects of it. Sec alio the end ot s’Grave- 
fande’s Perfpeftive, and other optical writers, for th# 
cor.llnid.icm and ufes of various- forts of camera ob- 
fcuias. 

This machine ferves for many ufeful and entertaining 
purpofes. For example, it is very ufeful in explaiuiuti¬ 
the nature of vilion, reprefenting a kind of artifi¬ 
cial eye : it exhibits very, diverting fights or fpcCtacles; 
(hewing images perfedly like their objects, eloth.d in 
their natural colours, but more intenfe and vivid, and at. 
the lame time accompanied with all their motion? ; an 
advantage which no art can imitate : and by this ir.ilru- 
went, a perfon unacquainted with painting, or draw¬ 
ing, may delineate objeCts with thegreateft accuracy of 
drawing and colouring. 



Theory of the Camera Obfeuia . The theory and 
3 principle. 
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principle of this inftrument may be thus explained* 
If any object A B radiate through a fmall aperture L, 
upon a white ground oppolite to it, within a darkened 
room, or box, Ac ; the image of the object will be 
painted on that ground in an inverted {huntion. For, 
by the fnnllnd's of live aperture, the rays from the* ob¬ 
ject will crols each other there, the image of the point 
A being at mid that of B at i >; lo that the whole 
objift All will appear invented, as at ah. And ns the 
oomiponditig rays make equal angles 011 both fuks of 
the aperture, if the ground be parallel to the object, 
their heights will b* to each other diiectlyas their uii- 
tunccs from the aperture. 

ConjjruSkn t,f n Carrera O.'/'n/m, hv whieh the 
images of external objects ihall he vepiefented didiuMy, 
and in tin i: genuine colours. 1 11 , Darken a chamber 
that has one of its windows looking towards a place 
containing various objects to be viewed ; leaving only 
a fmall apurtmc open in one ihuttcr. ' jd, In this aper- 
tme fit a proper lens, eitlu r plano-convex, or convex 
on l oth tides; the convexity forming a fmall portion 
of a large fphere. Hut note, that if the ajieiiure be 
made veiy fmall, as of the lize of a pen, the object ', will 
be represented even without any leus at all. 3d, At a 
proper dillanee to be deti rmined by trials, live eh a pa¬ 
per or white cloth, uiilefs then- be a white wall at that 
dillanee, to receive the images of the objects : or the 
bell way is to have ionic plnillcr of Paris call on a con¬ 
vex mould, fo as to form a concave, fmooth furl.ice, and 
of a curvature and fi/.c adapted lo the leu,., to be placed 
occasionally at the proper dillanee. 41I1, If it be la¬ 
ther delired to have the objects appear rrn,-, in dead of 
inverted, tin’s may be done cither by {da iug a concave 
lens between the centre and the locus ol tin- iiril lens ; 
or bv reflecting the image fiom a plan.: Ipecuhun in- 
cliued to.the hori/.on in an angle of 45 degree; ; or by 
having two lenfes included in a draw-tube, iuilead of 
one. 

That the images be Gear and diflincl, it is ncccflary 
that the objects be illuminated by tlie inn’., light (hill¬ 
ing upon them from the oppolite quarter: fo tint, in 
a well cm profpecl the images will be belt Teen in a 
forenoon, an eallern prolpeCt the afternoon, and a 
tiortliem profpecl about noon; a font hem afpcct is 
the halt tligibleol any. But the hell way ol any is, 
if the lens be fixed in a proper frame, on the top of a 
building, and made to move eaiiiy round in all diicc- 
tions, by a handle extended to the pci low who manages 
the in'lnimenl; the images being then thrown down 
into a dark room immediately below it, upon a hoti/.on- 
tal rotm 1 plailtef o! I’.iri:; ground : for thus 1 view of 
all the objects (j die around may talily be taken in the 
fpacc of a few minutes ; as i:. the cafe of the exeelltnl 
camera obfeura placed on the top of the Royal Oblcr- 
vatory at Grecuwieh. 

The objects will be feen brighter, if the fpeiLalor 
firft wait a few minutts in the dark. Care fhould alio 
be taken, that no light cfcape through any 1 .links ; and 
that, the ground be not too much illuminated. It may 
further bcobferved, that the greater dillanee there is be¬ 
tween the aperture and the ground, the larger the 
images will be ; but then at the fame time the hriglit- 
nelk is weakened more and more with the increale of 
dillanee. 


To rrnftruH a Portable Camera Olfeura. ift, Pro¬ 
vide a fmall box or cheft of dry wood, and of about 10 
inches broad, and s feet long or more, according to 
the li/e of the lenfes. 2d, In one fide of it, as BD, 
lit a Hiding tube Kb’ with two lenfes; or, to have the 
image at a lefsdillanee from the tube, with three lenfes, 
convex on both fnles ; the diameter of the two osur 
ones to be about 7 inches, hut that of lie. inner to bt 
lefs, or 5 inches. 3d, At a piupir dillanee, 

within the box', let uji perpendicularly an oh. J prp.r 
Cl 1, fo that images 1 brown upon it may lie f. 111 thiough. 
4th, In the oppolite iide, at 1, make a rmm.i In.le, (or a 
pei fen to look conveniently thiongli with loth ey« s. 
Then if the tube be turned towards the o’sj. els, and lie: 
leiiies he placed by trials at the pioper dillanee, bv ilid- 
ing the tube in and out, the objects will lie lev 11 deline¬ 
ated on the paper, erect as bclore. 

The machine may be betteraroomm xlated for draw¬ 
ing, by placing a mirror to pais from G to C ; for this 
will re He ft the image upon a rough glif. plane, or an 
oiled piper, placed horizontally at All ; and a copy of 
it may there be Hcclchcd out with a black-lead pencil. 



shirt'.]: r Porlah'e Camera Oaf am i; tbu ; made. 1 -| 
On the top ol a box or eliell rail’e a line' tunx t H‘, 
open towards the objevt AB. 2i!, Bvliind. thrapt:- 
tme, incline a fmall mirror at> at an angle <1 4 i de- 
grc. j, to re 11 eft the rays Art and BA upon a l.m G C!, n- 
vtx on both Odes, and inelmbd in a tube Gl.. Or the 
lens may be fixed in the aperluu. 3d, At the dil- 
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With B white pafrr, to receive the image ai. Laftly, In 
MN make an nil ;i.g aperture to look through ; and an 
opening mav alio be made in tlie fide of the box, for 
the convenience of drawing. 

This fort oi camera is ealily changed into a (how-box, 
for viewing n : :r• s, &c : placing the print at the bot¬ 
tom of the box, with its upper part inwards, where it 
is cnlighti i! fl through the freut, left open for I his 
purpoie, (.■ ii'r by day or candle-light; and the print 
may be vie 1 .red through the aperture in HI.—A va- 
ricl) of contrivances lor thin pm pole may be fecn de- 
fcribefl in 1 Iarr:V» Optics, 1 ). ii. left. 4. — Mr. Storer 
has alio p,mured a patent for an inflrument of this 
fort, which he calls a delineator ; being fomied of two 
double convex leaks and a plane minor, fitted into a 
proper box. One lens is placed clofe to the mirror, 
making with it an angle of 47 degrees; the other be¬ 
ing placed at light angles to the foimer, and fixed in 
a moveable tube. If the moveable h ns he d.iee.ied to¬ 
wards the objiCt, which is to he viewed or copied, and 
moved 1 lean r to or hut her from the mirror, til! the 
image is diilinftly formed on a gicvcd glais, laid upon 
that Itirfaee of tile upper h 11:. which is next the eye, 
it. will he joiiiul more (harp and vivid than thole formed 
in the common iiiftrunniils ; becaufi the image is taken 
up lo near the upper lens* And by increaiing the cia- 
ri'icr and eurvauue oi the Jellies, the cllcCt will be 
inucii heightened. 

(.’AMUS, (Ch.ir.'cs-Sl.^J: u-T.nvit), a ciUSeated 
French mathemati. i.m, l‘.x:m iuer of tin royal .‘-.choc-la 
of Aitillery ami lhi. iueei.-, fi.-cutarv and i’lolclior of 
the Roval AeadeKiy of Arehreilurc, Honorary mem¬ 
ber of tin.! cl the M:.i iili, ..lid kl!< >w of the Koval Oo- 
'■ of London, w .‘is l-.-n at Crniv en Uric, the 27th 
of Ai'pidi r.o .ji Ill's cm lv ingenuity in mechanics 
an ! his ov. 11 inrun'.e° induced his patents to lend him 
to llmly a t ollc .c in Pari , at 10 years of ape ; where 
in t'..e Ip::, e or hvn u: :« Ids progrefr. was lo guat, 
that la w;v. :.f.!e !■> give l-.fluus in malhematic: , and 
t bus 1 ' ,if. Ills own 1i.k : c, at the collage, without 
ait-, ;.1.1 •: i 1 /: irgi to his jj.uvi.ls. l’>y the alim.iuee ol 
tie. eil'bi.:-'.l \ uijMion, y-.mig Camus loon tatl 
tin.ill. h ike <..i;iic of lh. k' plier mat iiemM cs, and a.e- 
rpiiml a 11- .lie :..l'.o'!g the learned. lie 111 a: a llilliiell" 
more o n i icnl i 1 v known to the Acridemv of Seienets 
in 17 2 , \»\ I: 1 nir.noir upon tl.c iubjcct ol tin* pn 'c 
whit ii lilt if propolcd for 11...1 year, vt/, ‘ '1 o dt- 
tn mine 1! c i.n •:! .alt. nl.igt ot:s w.iv o! maiim;.. flips;’ 
in coi.it i;k'. i.t.i of which lie v.\,i i.a.nut! tli’.t \t.av Ad- 
ji.int • i-1 in., i.:n 0 liic Ac.u.Vir.v ; and in 1 7 -u he was 
ii;.j.-oiii!- ii pii'efloi <■,: A i chit 1 ,‘tu: <. in it Is than 
lb; a -. .. !.« a a- honoini-1 w ,th t i.e icei.. tary- 

11,ip o: ti;-' I.a..a. ; and i!.t' iS’lh of Ap:.l 173:, he l, b- 
t.-.M-ltoa dt ( ,ue i.t Ahm-hitc in the Ac.ukmy, where 
lie .'...i.■. •.'..liitti h'.nd,If pi,.ally bv his memoir.-, upon 
living ic.ict., (ii h..i';'f:i in motion arfed upon by tnno, 
on ll figure of llv teeth of wheels and pillion-.;, o’t 
pump vs. 1! , and ievcral other uig-nk..s in i.m rs. 

In i- be was lent, in eoaipauv wi.ii M; Incurs 
C'l.iiraui, Aiauj-el'lliis, .hid Moil’i'ea, up n the celt brand 
expc.bli hi 1 1 ineafure a tic am- at liic ninth polar eir 
< ir ; in win.-ii he rendered hum.11 hi,,lily iilclul, not 
oid'y .a. a matheina 1 ician, but alio as a mech. itii.iaii ai.d 
on art..'!, I'latiLlics kn wlikU i.e had a.remarkable la¬ 


in 1741 Camus had the honour to be appointed 
Pen fioncr-Geometrician in the Academy ; and the fame 
year he invented a gauging-rod and (liding-rule proper 
at once to gauge all forts of calks, and to calculate their 
contents. About the year 174711c was named Ex¬ 
aminer of the Schools of Artillery and Engineers : and, 
in 1756, one of the eight mathematicians appointed to 
examine by a new meafurement, the bafe which had 
formerly been ineafured by Picard, between Villcjuifvc 
and Juvifi; an operation in which his ingenuity and 
ex a chiefs were of great utility. In 17 M. Camus 
was elected a fellow of the Royal Society of Loudon ; 
and died the 4th of May 1768, in the 69th year of his 
age ; being fuccccded by the celebrated d’Alembert in his 
ollice of Geometrician in the French Academy; and 
leaving behind lmn a gicat number of manufeript trea¬ 
ties on various branches of the mathematics. 

The works puhliflied by M. Camus, are : 

1. Com fe of Mathematics for the ufe of the Engi¬ 
neers, 4 vo’.s. in Svo. 

2. Elements of Mechanics. 

3. Fitments of Arithmetic. 

And liis memoirs printed in the volumes of the Aca¬ 
demy, are: 

t. Of Accelerated Motions by living forces: vol. 
for 1728. 

2. Solution of a Geometrical Problem of M. Cra¬ 
mer: 1 732. 

3. On the figure of the teeth and pinions in clocks : 

m:o- 

4. On the all ion of a Mufkrt hall, picremg n pretty 
tlivk piece of wood, without communicating any cm.- 
fidernhle velocity to it : 17.58. 

•7. On tiic lx U iv.am,r of employing buckets fur 
raking w iter : 1779. 

(1. A 1 ’uilfii m in Statics: 1740, 

7, On an J nitnnnev.t for gauging of velKls: 1741. 

b. O.i liic t-*. anda: d of ilu- I'll! ,\La fa re : 1 74.^. 

y. Oil t!>.' Tangents of Points common to feveras 
brand.i".. o: the fame curve : 17-t 7. 

i(\ O.i the Operation!; in mi muring-1 ; c d!dance be- 
twieii the ccnties of the jivr.u-.ids i f \'i!lcj.;i,'e :i;,d 
Juvify, to d.Lo.m tile licit mean ic of tin d-giSj, e.b nit 
Fail's: 17 eg - 

11. On the oi.il’iii'g if !i!iips: Pii.i Tor.!..’.. 

12. The Ml.liar i f w-'ihiii;.' thus; M,lom. r. 

13. A Midit.it i.Ji moving r.iany (.'ok-.a . at uncc ; 
Macii. toi.i. 2, 

CA\CL !!, the one of tv,tlw 1! yc. of :! ,■ 

zodiac, llfliJij- ikuvvr. 01; Inc ipvbe ;k,. f. :ra ... 
cud), ami ai Ii K ... ol . v ilronoi,. v il.-ai-tcd b - 1 . ‘; : 1^ - 

(i r lefriiibhag tiic .:s: 1..21 fi'.ty tin m . #y,.i ,,..v. , 

t h u s sT. • , 

Tjiih one nf the p ; . .! it >1.;; a: !. f.'v. l!i.- 

hic.', >1 .1 v iibie mi ii. 1 t \vi'..i : . ■.* i , i tic : ■ , i,, r.it.i, 

it i- probable tint: t it-. -. : uv the n tu.d : t ; ,n to thi. 

coiiil.dl.ition t.o:.i iIn i. ..r a. ,.ig c. 1 ; .:i : ii/, -. f t 

a:, the crab is an a iim. l t! ."n'.i.... ,,1..., 

fotlie fin:, 111 bn. au;n::'i t..-«i , c,!i l! •• . 

when he arrives at 1; ■■ id';;.., ng 

1 cached ! '-S tit moll !•■■.: t u : tbv- ! ■ . a, t'ei.: to 

retiu:. hack n iiuito.v.. .me f. at !. Lai G;e.-\-, 
U'iio adapt, i! I. rm t : I f -It n\. ll u. e . . 1 -, ill,':,., iif 

tint till.il, pi v ti lid .ii. . ia « ill ."u;.,' v»a.. .. ■ ' Vi’.'li 
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the Lei naan hydra, three was a crab upon the mnrih 
which feized his foot. The hero crufhed the reptile to 
pieces under his heel; but Juno, in gratitude for the 
offered ferviec, little as it was, raifed the creature into 
the heavens. 

The number of liars in the fign cancer, Ptolemy 
makes 13, Tycho 1 Bayer and Htvclius 2y, and 
Flamlleeil 83. 

'Tropic of Cancxr, a little circle of the fphere pa¬ 
rallel to the equinoctial, and palling through the byjin- 
ning of the iign cancer. 

CANDLEMAS, or the Purification, a feall of the 
church, field on the 2d of February, in memory of 
the purification of the Virgin ; taking its name of Can¬ 
dlemas, either from the number ol lighted candles ufed 
by the Romifii church, in the proccffions of this day, or 
bccaufc that the church then confccratcd candles for 
the whole year. 

CANES Venatici, the Hounds, or the Greyhounds, one 
of the new conft citations of the northern hemifphere, 
which Hcvclius has formed out of the unformed liars 
of the old catalogues. Their two dogs are farther dif- 
tingnifhed tiv the names of ajhrion and cketra. They 
contain 23 liars according to Hevelius, hut 23 in the 
Britilh catalogue. 

CANICULA, a name given by many of the earlier 
allvonomers to the conHellairon which we call the Lcfllr 
Dog, and Canis Minor, but feme Procyou and Ante- 
cants. See Canis Minor. 

It is alfo ufed for one of the liars of the con- 
ffellatinn Cants Major; called alfo Amply the Dog-liar; 
and by the Greeks Snp.of, Sirius. It is iituated in the 
mouth of the conflellation, and is the large!! and bright - 
ell of all the liars in the heavens. From the heliacal 
riling of this liar, that is, its cmerfton from the fun’s 
rays, wfiich now happens with us about the tub of 
Align ft, the ancients reckoned their tins conic ultra, or 
dog days. 

The Egyptians and Ethiopians began their year at 
the heliacal rifnig of Canicula; reckoning to its rife 
again the next year, which is called the Annus Catutrius. 

CANICULAR Days, or rog-days, denote a cer¬ 
tain numhtr of days, before and after the heliacal riling 
of canicula, or the dog-liar, in the morning. The an¬ 
cients imagined that thisflar,fi> riling, occafioned the ful- 
try weather ufually felt in the latter part of the fummer, 
or dog-days; with all the diftempers of that ftckly fea- 
fon : Homer’s I 1 , lib. 5, v. 10, and Virgil’s iEn. lib. 10, 
v. 270. Borne authors fay, from Hippocrates and Pliny, 
that the day this flat firll lifcs in the morning, the lea 
boils, wine turns four, dogs begin to grow mad, the 
bile increafcs and irritates, and all animals grow languid ; 
alfo that the difeafes it ufually nccnlions in men, are 
burning fevers, dyferneries, and plum lies. The Ro¬ 
mans too fariiticed a brown dog every year to Canicula 
at h : 3 firlt riling, to appeafe its rage. All t'c.i how 
cverarofe from a groundlefs idea that the dog-flat, fo 
siling, v/as the necafion of the extreme heat and the 
difeafes ol that feafon j for the liar not only varies in its 
riling, in any one year, as the latitude varies, but it is 
always Lter and later every year in all latitudes; foth»t 
in time tin. liar may, by the fame rule, come to be- 
charged with bringing froA and fuow, v/lten he comes 
U rile in winter. 


The dog-days were commonly counted for about 40 
days, viz, 20 days before and 20 days after the heliacal 
riling; and almnnac-makers have ufually fet down the 
dog-days in their almanacs to the changing time of the 
liar's riling, by which means they had at length fallen 
coniiderably alter the hottell time of the year, till of 
late wc have obferved an alteration of them in the al¬ 
manacs, and very properly, from July 3 to Augull 11. 
For, by the dog-days, the ancients meant to exprefsthe 
hottell time of the year, which is commonly during 
the month of July, about which month the dog-ffar 
rofe hcliucally in the time of the moll ancient allrono- 
mers that wc know of: but the prceelfion of the equi¬ 
noxes lias carried this heliacal riling into a much later 
and cooler part of the year; and bccaufc Heliod tells 
us that the hot time of the year ends on the <;oth day 
after the fummer folltice, which brings us to about Au- 
gult to or 11, therefore the above alteration feems to 
be very proper. 

Canicular Tear, denotes the Egyptian natural 
year, which was computed from one heliacal riling of 
canicula, to the next. This y'-ar was alfo called annus 
ennarius, and annus cyuints; and by the Egyptians thero- 
felvcs the Scthic year, from Seth, by which name they 
called Sirius. Some call it alfo the heliacal year. This 
year conlitied ordinarily of 365 days, and every 4th year 
of 366; by which means it was accommodated to the 
civil year, like the Julian account. And the tcabin 
why they etiofe this liar, in preference to others, to 
compute their time hy, was not only the fitperior briglit- 
nefs of that liar, but becauleth.it in Egypt its heliacal 
riling was a time of very lingular note, as coinciding 
with the grcatclt augmentation of the Nile, the reputed 
father of Egypt. Lphellion add a, that from the afpeft 
of canicula, us colour &c, the Egyptians drew prog¬ 
noses concerning the rile of the Nile; and, according 
to Florus, predicted the future Hate of the year. So that 
it is no wonder the iirll tiling of this liar was obferved 
with great attention. Bainbriggc, Canicul. cap. 4. p. it. 

CANIS Major, the Great Dog, a con It citation of 
the foul hern hcinifphcre, below the feet of Orion, and 
one of the old 48 coni!citations. The Greeks, as 
ulna!, have many fables of their own about the exalta¬ 
tion of the (log into the (kies ; but the origin of this 
conflellation, as well as its other name Sirius, lies more 
probably among the Egyptians, who carefully watched 
the riling of this liar, am! by it judged of the Twilling 
of the Nile, calling the liar the fentinel and watch of 
the year ; and hence, according to their manner of hie¬ 
roglyphic writing, leprcfcntcd it under the figure of 
a dog. They alio called the Nile Hints and hence 
their OJiris. 

The Itais in this conflellation, Ptolemy makes 29; 
Tycho liowevci obferved only 13, and Hevelius 21 ; but 
in Elam deed’s catalogue they arc 31. 

Canis Minor, a conllell.ition of the northern hemi- 
tphurc, jull below Gemini, and is one of the 48 old 
conllcihitions. The Greeks fabled that this is one of 
Orion’s hounds; but ihe Egyptians were moll pohably 
the inventors of this conllcll.iiion, and they may have 
given it this figure toexpnlsa little dog, or watchful 
creature, going hcfoic as lead ng in the larger, or tiling 
befoie it: and fence the Latins have called it Auto¬ 
call is, the liar before the dog. 

The 
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The liars In tliis conftellation arc, in Ptolomy’s ca¬ 
talogue 2, the principal of which it> the liar Procjron ; 
in Tycho’s 5, in Hcvelius's 13 ; and in Flamfteed’s 14. 

CANNON, in Military Affairs, a long round hol- 
luto engine, made of iron or brafs, &c, for throwing 
balls, &c, by means of gunpowder. The length is diftin- 
guiflud into three parts 5 the fir ft reinforce, the fecund 
reinforce, and the chafe: the infide hollow where the 
charge is lodged, being nlfo calk*d the chafe, or bore. 
But for the fcveral parts and members of a cannon, fee 
Astragal, Base-ring, Borf, Breech, Cascabel, 
Chase, Muzzle, Ogee, Keineorce-ring, Trun¬ 
nions, &c. Scealfo Gun, and Gunnery. 

Cannon were firil made of fevcralbars of iron adapted 
to each other lengthways, and hooped together with 
11 rung Troii rings. They were employed in throwing 
Hones and metal of feveral hundred weight. Others 
were made of thin Ihects of iron rolled up, and hooped: 
and on emergencies they have been even made of lea¬ 
ther, with plates of iron or copper. They are now 
made of call iron or brafs; being call folij, and the 
tube bored out of the middle of the folid metal. 

I.arrcy makes brafs cannon the invention of J.Owen ; 
and afferts that the firft known in England, were in 
*535 ; and farther that iron cannon were firft call here 
in 1547. He acknowledged that cannon were known 
before; and remarks that at the battle of Ctcfli, in 
13.16, there were 5 pieces of cannon in the Engliih 
army, which were the firft ever feen in France. Me- 
zeray alfo obferves that king Edward ftruck terror into 
the French army, by 5 or 6 pieces of cannon ; it being 
the firft time they had met fucli thundering machines. 

In the lift of aids raifed for the redemption of king 
John of France, in 1368, mention is made of an officer 
in the French army called majlcrofthe king's cannon, and 
of his providing 4 large cannon for the garrifon oFHar- 
fleur. But father Daniel, in his life of Philip of Va¬ 
lois, produces a proof front the records of the cham¬ 
ber of accounts at Paiis, that cannon and gunpowder 
were ufod in the year 1338. And Du-Cange even 
finds mention of the fame engines in FroiiTart, and other 
French hilloriaus, fume time cailicr. 

The Germans carry the invention of cannon farther 
back, and aferibe it to Albertus Magnus, a Dominican 
monk, about the year 1250. But Ifaac Voifius finds 
cannon in China upwards of 1700 years ago; being 
ufed by the emperor ICitey, in the year of Chrift 85. 
The ancients too, of Europe and Alia, had their fiery 
tubes, or cannt, which Ifeiog ioaden with pitch, ftones, 
and iron balls, were exploded with a vehement noife, 
fmokc, and great cffedl. 

Cannon were formerly made of a very great length, 
which rendered them exceedingly heavy, and their ufc ve¬ 
ry troublefome and confined. But ithaslatcly been found 
by experiment that there is very little added to the force 
of the ball by a great length of the cannon, and there¬ 
fore they have very properly been much reduced both in 
their length and weight, and rendered ealily manageable 
upon all uccafions. They were formerly diftinguifhed 
by many hard and terrible names, but are now only 
named from the weight of their ball; as a 6 pounder, 
a 12 pounder, a *4 pounder, or a 4; {rounder, which 
is the larged fize now ufed by the Engliih for battering. 

CANON, in Algebra, Arithmetic, Geometry, &c, 
Vox.. I. 


is a general rule for refolving all cafes of a like nature 
with the prefent enquiiy. Thus the laft ftep of every 
equation is fuch a canon, and if turned into words, be¬ 
comes a rule to refolve all cafes or queftions of the lame 
kind with that propofed. 

Tables of fines, tangents, 8 cc, whether natural or ar¬ 
tificial, are alfo called canons. 

Canon, in Ancient Mufic, is a rule or way of 
determining the intervals of mufical notes. Ptolomy, 
rejecting the Ariftoxenian way of mcaiuring the inter¬ 
vals in malic by the magnitude of a tone, formed by 
the difference between a diapente and a diateffaron, 
thought that they ftiould be diftinguilhed by the ratios 
which the founds terminating tbofe intervals bear to one 
another, when conlidered according to their degree of 
acutcnefs or gravity; which, befoi e Arilloxenus, was the 
old Pythagorean way. He therefore made the diapafon 
confift in a double intiu; the diapente confift in a fefqui- 
f.heralc ; the diateffarou, in a fefquitertian ; and the tone 
itfelf, in a fcfquioctave; and all the other intervals, ac¬ 
cording to the proportion of the founds that terminate 
them : wherefore, taking the canon, as it is called, for a 
determinate line of any length, he (hews how this is to 
be cut, that it may reprefent the refpeftive intervals; and 
this method anfwers exadtly to experiments in the dif¬ 
ferent lengths of mufical chords. From this canon, 
Ptolomy and his followers have been called Canonici ; 
as thofe of Ariftoxenus were called Mmfici. 

Pcfcal Canon, a table of the moveable feafts, 
file wing the day of Eafter, and the other feafts de¬ 
pending upon it, for a cycle or period of r9 years. It 
is faid that the Palcal Canon was the calculation of Eu- 
febius ofCsefarea, and that it was made by order of the 
council of Nice. 

CANOPUS, a name given by fome of the old aftro» 
nomers to a flar under the ad bend of Eridanus.* Theft; 
writers fay that the river in the heavens is not the Eri¬ 
danus, but the Nile, and that this liar commemorates an 
ifiand made by that river, which was called by the fame 
name. 

Canopus is alfo the name of a bright ftar of the 
firft magnitude in the rudder of the ihip Argo, one of 
the fouthern conftell.itions. Its fituation, as given by 
fcveral authors, at different times, is as follows: 


Authors 

Date* 

Longit. 

F. Thomas 

Jan. 168; 

8°& 51' 

K. Noel 

I697 

Dr. Halley 
K. Feuille 

170 

Mar. 1709 
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CANTALIVEKS, in Architecture, arc the fame 


with modillions, except that the former are plain, and 
the latter carved. They are both a kind of cartoufes, 
fet at equal diftanccs under the corona of the cornice of 
a building. 

CANTON (John), an ingenious natural philo¬ 
sopher, was born at Stroud, in Giouctfterlhire, in 1718; 
and was placed, when young, under the care of Mr 
Davis, an able mathematician of that place, with whom 
he had learned both vulgar and decimal arithmetic be¬ 
fore he was quite 9 years of age. He next proceeded 
to higher parts of the mathematics, and particularly to 
algebra and aftronomy, in which he had made a con- 
fiderable progrefs when his father took him from fchool, 
and fet him to learn his own bufinefs, wjiich was that 
I i Of 
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ef a broad doth weaver. Tin’s circomdance was not 
able to damp lu's zeal for acquiring knowledge. All 
his leifurc time was devoted to tire afliduous cultivation 
of agronomical fciencc; by which lie was foon able to 
calculate lunar eclipfcs and other phenomena, and to 
conlltuA various kinds of fun-dials, even at times when 
he ought to have flept, being done without the know¬ 
ledge and confcnt of his father, who feared that fuch 
studies might injure his health. It was during this pro¬ 
hibition, and at thcfe hours, that he computed, and cut 
upon ftonc, with no better an inflrunaent than a com¬ 
mon knife, the lines of a large upright fun-dial, on which, 
befide the hour of the day, were (hewn the fun’s riling, 
his place in the ecliptic, and fome other particulars. 
When this was finifbed and made known to his father, 
he permitted it to be placed agaiult the front of his 
houfe, where it excited the admiration of fcveral neigh¬ 
bouring gentlemen, and introduced young Canton to 
their acquaintance, which was followed by the offer of 
the ufe of their libraries. In the library or one of thcfe 
gentlemen he found Martin’s Philofophical Grammar, 
which was the firft book that gave him a tafte for na¬ 
tural philofophy. In the poffeflion of another gentle¬ 
man ltc Arft faw a pair of globes; a circumftance that 
afforded him great pleafure, from the great eafe with 
which he could refoive thofe problems he had hitherto 
been accuiloroed to compute. 

Among other perfons with whom he became ac¬ 
quainted in early life, was Dr. Henry Miles of Tooting; 
who perceiving that young Canton poflc'F.'d abilities 
too promifing to be confined within the narrow limits 
of a country town, prevailed on his father to permit 
him to come up to London. Accordingly he arrived 
at the metropolis the 4th of March 1737, and refided 
with Dr. Miles at Tooting till the 6th of May follow¬ 
ing; when he articled himfelf, for the term of 5 years, 
as a clerk to Mr. Samuel Watkins, mailer of the aca¬ 
demy in Spital Square. In this lituationhis ingenuity, 
diligence, and prudence, were fo diHinguifiled, that on 
the expiration of bis clerklhip in May 1742, he was 
taken.iuto partncvlhip with Mr. Watkins for 3 years; 
which gentleman he afterward fuccecded in the ichool, 
and there continued during his whole life. 

Towards the end of 1745, electricity received a great 
improvement by the difeovery of the famous Leyden 
phial. This event turned the thoughts of mod of the 
philofophers of Europe to that branch of natural phi¬ 
lofophy ; and our autlior, who was one of the tirlt to 
repeat and to purluc the experiment, found his endea¬ 
vours rewarded by many notable difeoveries.—Towards 
the end of 1749, he was engaged with his friend, the 
late ingenious Benjamin Robins, in making experiments 
to determine the height to which rockets may be made 
to afc.efid, and at wluit dillanec their light may be feen. 
—In 1750 was read a f the Royal Society, Mr. Canton’s 
“ Method of making Artificial Magnets, without the 
ufe of, and yet far fuperior to, any natural ones.” This 
papenrirocured him the honour of being eledted a mem¬ 
ber oFthe Society, and the prefent of their gold me¬ 
dal. jjThe fame year he was complimented with, the 
degree of M. A. by the univerfity of Aberdeen. And 
in 1751 he was chofcn one of the council of the Royal 
Societyan honour which was twice repeated after- 
wards* 


In 1752, our philofopher was fo fortunate as fo be 
the firft perfon in England who, by attracting the elec¬ 
tric fire from the clouds during a thundcr-ilorm, veri¬ 
fied Dr. Franklin’s hypothelis of the limilarity of light¬ 
ning and eleAricity. Next year his paper intitkd 
“ Electrical Experiments, with an attempt to account 
for their feveral phenomena,” was read at the Royal 
Society. In the fauTc paper Mi. Canton mentioned his 
having difeovered, by many experiments, that fume 
clouds were in'a pofitive, and fome in a negative Hate 
of ele&ricity: a difeovery which was alfo made by 
Dr. Franklin in America much about the fame time. 
This circumftance, together with our author’s cuiiftant 
defence of the do&or’g hypothetic, induced that excellent 
philofopher, on his arrival in England, to pay Mr. Cart- 
ton a vifit, and gave rife to a fricncilhip which ever after 
continued between them.— In the Ladies’ Diary for 
17(6, our author antwered the prize query that had 
been propofed in the preceding year, concerning the 
meteor called (hooting tiara. The filiation, though only 
figned A. M. was fo fatisfaAory to his friend, the 
excellent mathematician Mr. Thomas Simpfon, who 
then eondtiAcd that ingenious and ufciul little work, 
that he fent Mr. Canton the prize, accompanied 
with a note, in which he faid he was fnrc that he 
was not miltaken in the autlior of it, as no one be¬ 
tides, that he knew of, could have given that anfwer.—— 
Our philofopher’s next communication to the public, 
was a letter in the Gentleman’s Magazine for September 
I 7>9> on the cltArical properties of the tourmalin, in 
which the laws of that wonderful Hone are laid down in 
a very concife and elegant manner. On the 13th of 
December in the fame year was read at the Royal So¬ 
ciety, “ An attempt to account for the Regular D’ur- 
nal Variation of the Horizontal Magnetic Needle; and 
alfo for its Irregular Variation at the time of an Aurora 
Borealis.” A complete year’s obfervatious of the di¬ 
urnal variations of the needle iul- annexed to the paper. 
—Nov. 3, 1 761, our author comnmnicattd to the Royal 
Society an account of the Tranfit of Venus of the 6tW 
of June that yeat, obferved in Spital Square, llis next 
e:omm unicat ion to the Society, was a Letter, rcail 
the 4th of Feb. 1762, containing fome remarks on Mr. 
Delaval’s cleArical experiments. On the 16th of Dec. 
the fame year, another curious addition was in.uk by 
him to philofophical knowledge, in a p iper, intitled, 
** Experiments to prove lliat Water is not Incotnpi edi¬ 
ble.” And on Nov. S, the year following, vctc read 
before the Society, his farther “ Expet imentsand Obfer- 
vations on the ComprelDbility of Water, and fome other 
fluids.” Theft ex peri incurs are a comphte refutation 
of the famous Florentine experiment, which fo many 
philofophers have mentioned as a proof of the iticom- 
prefiib'iity of water. For tin’s communication he had 
a fecond time the Society’s prize gold medal. 

Another communication was made by our author to 
the Society, on Dec. 2 2, 1768, being “ An cafy method 
of making a phofphorus that will imbibe and emit light 
like the liolognian Stone; with experiments and ob- 
fervations.” When lie firft (hewed to Dr. Franklin 
the inftaotaueous light acquired by finite of this phof- 
phorus from the near difcliarge of an clc&rificd bottle, 
the dodtor immediately exclaimed, “ And God faid let 
there be light, and there was light.” 
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The Dean and Chapter of St. Pant's having, in a 
letter, dated March fi, 1769, requefted the opinion of 
the Royal Society relative to the teft method of fixing 
deftrical conductors to preferve that cathedral from 
damage by lightning, Mr. Canton was one of the com¬ 
mittee appointed to take the letter into confideration, 
and to report their opinion upon it. The gentlemen 
joined with him in this hufiuefs weie, Mr. Delaval, Dr. 
■Franklin, Dr.'Watfon, and Mr. Wilfon. Their report 
■was made on the 81 h of June following: and the mode 
recommended by them has been carried into execution. 

Our author’s laft communication to the Royal So¬ 
ciety, was a paper read Dec. 2T, 1769, containing 

Experiments to prove that the Lumimniftiefs of the 
Sea arifes from the Putrefadlion of its animal Stib- 
fiances.” 

Belides the papers above mentioned, Mr. Canton 
■wrote a number of others, both in the earlier and the 
later parts of bis life, which appeared in feveral publica¬ 
tions, and patticularly in the Gentleman's Magazine.—■ 
i Je died of a diopfy, the 22d of March 177*, in the 
5 jth year of his age. 

C A PA C IT Y, is the folid content of any body. Alfo 
*-otir hollow menlures for corn, beer, wine, &c, are called 
meafures of capacity. 

CAPE, or Promontory , is any high land, running out 
with a point into the fea ; as Cape Verde, Cape Horn, 
the Cape of Good Hope, Sac. 

CAPELLA, a bright liar of the firft magnitude, 
in the left (boulder ©f Auriga. 

CAPILLARY Tubes, in Phyfics, are very fmall 
pipes, whofc canals are exceedingly narrow; being fo 
called from their refemblancc to a hair in fmullnefs. 
Their tifual diametei may be from to of an inch: 
though Dr. Hook afitires us that he drew tubes in 
tlie flame of a lamp much fmallcr, and refeinbliug a 
finder’s thread. 

The sffeent of IVattr tyft, in capillary tubes, is a 
noted phenomenon in philofophy. Take l'cveral fmall 
glafs tubes, of different diameters, and open at both 
ends ; immerfe them a little way into water, and the 
flnid will be feen to Hand higher in the tubes than the 
furfnee of the water without, and higher a3 the tube is 
fmaller, almoft in the reciprocal ratio of the diameter 
of the tube; and that both in open air, and in vacuo. 
The greateft height to which Dr. Hook ever obferved 
the water to Hand, in the final lilt tubes, was 21 inches 
above the furface in the vefl'cl. 

This does not however happen uniformly the fame in 
all fluids; fume handing higher than others; and in 
■quicklilver the contrary takes place, as that fluid hands 
lower within the tube than its furface in the veflel, and 
the lower as the tube is fmaller. See Philof. Tranf. 
N° 355, or Abr. vol. 4, pa. 423, Sec, or Cotes’# Hydr. 
and rneum. Left. pa. 2^5. 

Another phenomenon of thefe tubes is, that fitch of 
them as would only naturally difeharge water by dtops, 
when eleftrified, yield a continued and accelerated 
ftream; and the acceleration is proportional to the 
fmallnefs of the tube; odeed the effcdl of electricity is 
fo confiderahle, that it ptodm—■ a continued ft team from 
a very fmall tube, m-t of wlrJt the water had not be¬ 
fore been able to 'drop. Prieftlej ’# Hilt. Elefltr. 8vo. 
vol. i, pa. 171, ed. 3d. 


This afeent artd fufpenfion of the water id the ttibe, 
is by Dr. Jurin, Mr. Haukfbee, and other philofo- 
pliers, aferibed to the attra&ion of the periphery of the 
concave furface of the tube, to which the upper fur- 
face of the water is contiguous and adheres. 

CAPITAL, in Archttefture, the uppermoft part 
of a column or nilailer, ferving as a head or crowning 
to it; being placed immediately over the fhaft, and 
under the eutablature. It is made differently in the 
different orders, and is that indeed which chiefly dif- 
tinguifhes the orders themfelvcs. ■ 

Capital of a Bnjlian, is an imaginary line dividing 
any work into two equal and fimilar parts ; or a line 
drawn from the angle of the polygon to the point 
of the bailion, or from the point of the bullion to the 
middle of the gorge. 

CAPONIERS, or Capovnierx, in Fortification, 
is a paffage made from one work to another, of 10 or 
12 feet wide, and about j feet deep, covered on each 
fide by a parapet, terminating in a glacis or Hope. 
Sometimes it is covered with planks and earth. 

CAPRA, or the Shr-goat, a name given to the liar 
Capdla, on the left fhoulder of Auriga; and fometimes 
to the conilellation Capricorn. Some again reprefent 
Capra as a conilellation in the noithern hcmifphere, 
confifting of 3 liars, comprifed between the 45th and 
55th degree of latitude. 

The poets fable her to be Amalthea’s goat, which 
fuckled Jupiter in his infancy. 

CAPRICORN, the Coal, a fouthern conilellation, 
and the 10th fign of the zodiac, as alfo one of the 48 
original ccnftellations received by the Greeks from the 
Egyptians. The figure of this fign is drawn as having 
the fore part of a goat, but the hinder part of a filh ; 
and fometimes limply under the form of a goat. In 
writing, it is denoted by a charafter reprefenting the 
crooked horns of a goat’s head, thus Vf. 

As to the figure of this conilellation, the Greeks 
pretend that Pan, to avoid the terrible giant Typhon, 
threw himfelf into the Nile, and was changed into the 
figure here drawn; in commemoration of which ex¬ 
ploit, Jupiter took it up to heaven. But it is proba¬ 
ble, as Macrobius obferves, that the Egyptians marked 
the point of the ecliptic appropriated to this fign, where 
the fun begins again to afeend up towards the north, 
with the figure of a goat, an animal which is ulwa 
climbing the lides of mountains. 

The liars in this conilellation, in Ptulomy’s ai . 
Tycho’s catalogue, are 28; in that of Hevelius 29* 
though it is to be remarked that one of thofe in tf. ■ 
tail, of the 6th magnitude, marked the 27th in Tj * 
che’s book, was loll in Hcvclius’s time. Elamfleei 
gives 51 liars to this fign. 

Tropic of Capricorn, a little circle of the lphere, 
parallel to the equator, p.ifli ig through the iK-ginning 
of Capricorn, or the winter I’olflice, or the point of 
the fun's great ell fouth declination. 

CAPSTAN, a large mafly column fliaped like a. 
truncated cone; being fet upright on the deck of a 
ft ip, and turned by levers or bars, paffng through 
holes in its upper extremity. The capllan is a kind 
of perpetual lever, or an axis-in-peritrochio, which, by 
means of a llrong rope or cable paffed round, ferves to 
raife very great weights j fuch as to hoill fails, to weigh 
Ii 2 the 
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the. anchors, to draw the veffels on (here, and hoift 
them up to be refitted. Sec. 

CAPUT Draconis, or-dragon's head, a name 

S iicn by feme to a fixed ftar of toe firfl magnitude, in 
is head of the conftellation Draco. 

CARACT, or Carat, a name given to the weight 
which expreffes the degree of goodnefs or ftnenefs of 
gold. The whole quantity of metal is confidered as 
confiiling of 24 parts, which arc the carats, fo that the 
carat is the 24th part of the whole; this carat is di¬ 
vided into 4 equal parts, called grains of a carat, aod 
thegr ain into halves and quarters. 

When gold is purified to the utmoft degree pofiiblc, 
fo that it Tofcs no more by farther trials, it is confidcr- 
cd as quite pure, and fata to be 24 carats fine; if it 
lofe 1 carat, or l—24th in purifying, it was of 23 ca¬ 
rats fine i and if it lofe 2 carats, it was 22 carats fine ; 
and fo on. 

CARCASS, is a hollow cafe formed of ribs of iron, 
and covered over with pitched cloth Sec, about the 
fize of bomb-lhells; or fometimes made all of iron ex¬ 
cept two or three holes for the fire to blaze through. 
Thefe are filled with various matters and combuftibles, 
to fire houfes, when throws out of mortar pieces into 
befieged places. 

CARCAVI (Peter de), was born at Lyons, but 
in what year is not known. He was Counsellor to the 
Parliament of Touloufe, afterward Counfellor to the 
Grand Council, and Keeper of the King's Library. 
He -was appointed Geometrician to the French Aca¬ 
demy of Sciences in 1666; and died at Paris in 1684. 
There are extant fome letters of his, printed among 
thofe of Defcartes. 

CARDAN (Hieronymus, or J[erom), one of 
the mo/l extraordinary geniufes of his age, was born 
at Pavia, in Italy, Sept. 24, 1501. At 4 years old 
he was carried to Milan, his father being an advocate 
and phyfician in that city: at the age of 20 he went to 
ftudy in the univerfity of tfce fame city; and two years 
afterward he explained Euclid. In 1524, he went to 
Padua: the fame year he was admitted to the degree 
of mafler of arts; and the year following, that of doc¬ 
tor of phyfic. He married about the year 1531; 
and became profeffor of mathematics, and pra&ifed 
medicine at Milan about 1533. In 1539 he was ad¬ 
mitted a member of the college of phyficians at Mi¬ 
lan : in 1543 he read public lectures in medicine there ; 
and the fame at Pavia the year following; but he dif- 
continucd them becaufe he could not get payment of 
his ialary, and returned to Milan. 

I11 1JJ2 he went into Scotland, having been fent 
for by the archbifiiop of St. Andrews, to cure him of 
a grievous disorder, after trying tlie phyficians of the 
king of France and of the emperor of Germany, with¬ 
out benefit. He began to recover from the day that 
Cardan preferibed for him : our author took his leave 
of him at the end of fix weeks and three days, leaving 
him preferiptions which in two years wrought a com¬ 
plete cure. Upon this vifit Cardan pa (Ted through 
London, and calculated king Edward's nativity j lor 
he was famous fbr his knowledge in aftmlogy, at well 
as thofe of mathematics and medicine. Returning to 
Milan, after four months abfenee, he remained there 
till the beginning of d£k. 1552 } and then went to 


Pavia, from whence he was invited to Bologna in 1562. 
He taught in this laft city till the year 1570; at which 
time he was thrown into prifon ; but fome months af¬ 
ter he was fent home to Isis own houfe. He quitted 
Bologna in 1571; and went to Rome, where he lived 
for fome time without any public employment. Pie 
was however admitted a member of the college of phy¬ 
ficians, and received a penfiou from the Pope, till the 
time of his death, which happened at Rome on the 
21 It of September 1575. 

Cardan, at the fame time that he was one of the 
greateft geniufes and moil learned men of his age, in 
all the fciences, was one of the molt eccentric and fic¬ 
kle in conduit of all men that ever lived: defpifing all 
good principles and opinions, and without one friend 
m the world. The fame capricioufnefs that was re¬ 
markable in his outward conduit, is alfo obfervable in 
the competition of his numerous and elaborate works. 
In many of his treatifes the reader is ilopped almoft 
every moment by the obfeurity of his text, or by di- 
grefnons from the point in hand. In his arithmetical 
writings there are lcveral difeourfes on the motions of 
the planets, on the creation, on the Tower of Babel, 
and fuch like. And the apology which he made fur 
thefe frequent digrefiions is, that he might by that 
means enlarge and fill up his book, his bargain with 
the bookfeller being at fo much per (beet; and that he 
worked as much for his daily fuppoit as for fame. 
The Lyons edition of his works, printed in 1663, 
confifls of no lefs than 10 volumes in folio. 

Infant, when we confider the tranfcciulent qualities 
of Cardan’s mind, it cannot be denied that he culti¬ 
vated it with every fpecics of knowledge, and made a 
greater progrefs in pliilofophy, in the medical art, in 
aflronomy, in mathematics, and the other fciences, 
than the mofl part of his contemporaries who had ap¬ 
plied thcmfclves but to one only of thofe fciences. In 
particular, he was perhaps the very bell algebras'll of 
his time, a fcicncc in which he made great improve¬ 
ments; and his labours in cubic equations efpecially 
have rendered his name immortal, the rules for refolv- 
ing them having ever fince borne hia name, and are 
likely to do fo as long as the fciencc (hall exilt, al¬ 
though he received the {irli knowledge of them from 
another perfon ; the account of which, and Iiis dis¬ 
putes with Tartalea, have been given at large under the 
article Algebra. 

Scaliger affirms, that Cardan, having by afirology 
predicted and fixed the time of his death, abftainrd 
from all food, that his predi&ion might be fulfilled, 
and that his continuance to live might not discredit his 
art. It is farther remarkable, that Cardan’s father al¬ 
fo died in this manner, in the year 1524, having *b- 
ftained from fuilenance for nine days. Our author too 
informs us that his father had white eyes, and. could 
fee in the night-time. 

CARDINAL Points, in Geography, arc the caft, 
weft, north, and fouth points of the horizon. 

Cardinal Points of tht Hsavens, or of a Nativity,. 
are the rifing and fetting of the fun, the zenith and • 
nadir. 

Cardinal Signs, are thofe at the four quarters, or 
the equinoxes and foUlices, viz, tlie figus Aries, Li¬ 
bra, Cancer, and Capricorn. 

CAR0IHA1. 
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-Caadmal Win aw thofe that blow from the 
four cardinal points, viz, the eaft, weft, north, and 
fouth winds. 

CARDIOIDE, the name of a curve fo called by 
Caftilliani.—But it was firft treated of by ICoerfma, 
and by Carre. See Philof. Tranf. 1741, and Me- 
xnoircs de I’Acad. 1705. 

Thr Cardioide is thus generated. APB is a circle, 
and AB its diameter. Through one extremity A of 
the diameter draw a number of lines APQ, cutting 
the circle in P; upon thefe fet off always PQ"equal to 
the diameter AB; fo (hall the points Ct_be aTways in 
the curve of the cardioide. 



From this generation of the curve, its chief proper¬ 
ties are evident, viz, that, 
everywhere PQj= AB, 

CQ, or QQ is s As or a AB, 

AQ> Affl AP, 

P always bifedts QQ. 

The cardioide is an algebraical curve, and the equa¬ 
tion exprefling its nature is thus: 

Put a ~ AB the diameter, 

* = aD perp. AB, 
y — DQperp. AD ; then is 

y* —• 6<r/y J + 2x*y* — 6a .v 5 y x* 7 

•f — 8 a'y -J- $a*x x J ’ 

which is the equation of the curve. 

Many properties of the cardioide may be feen in the 
places above .cited. 

CARRE (Lewis), was "born in the year 1663, in 
the province of Brie in France. His father, a fubftao- 
tial tanner, intended him for the church. But young 
Carre, after going through the ufual courfe of educa¬ 
tion for that purpofe, having an utter averfion to it, 
he refufed to enter upon that fundi ion; by which he 
incurred his father’s difpleafitre. His refources being 
thus cut off, he was obliged to quit the univerfity, 
and look out into the world for fome employment. 
In this exigency be had the good fortune to be en¬ 
gaged as an amanuenfi3 by the celebrated father Male- 
branche; by which he found himfelf tranfported all 
at once from the mazes of fcholaftic darknefs, to 
the fonree of the molt brilliant and enlightened phflo- 
fophy. Under this great mailer he Audit'd mathe¬ 
matics and the moft fublime metaphyfica. After feven 
years fperit in this excellent fchool, M. Carrd found it 
neceffary, in order to procure himfelf fome lefs preca¬ 
rious eftabliflunrnt, to teach mathematics and philo¬ 
sophy in Paris.; but efpecially that philofophy which, 
on account of >ts tendency to improve our morals, he 
valued more than all the mathematics in the world. 
And accordingly his greateft care was to make geome¬ 


try feme as an iotrodudlion to his wall beloved nets* 
phyfics. 

Moft of M. Carry’s pupils were of the fair fcx. The 
firft of thefe, who foon perceived that his language 
was rather the reverfe of elegant aud corredt, tolq hun 
pleafantly that, as an acknowledgement for the pains 
he took to teach her philofophy, Ihe would t. ach.him 
French; and he ever after owned that her leffons were 
of great fervice to him. In general he feemed to fot 
more value upon the genius of women than that of 
men. 

M. Carre, although he gave the preference to me- 
taphyfics, did not negled mathematics; and while he 
taught both, he took care to make himfelf acquainted 
with all the new difcoverics in the latter. This was all 
that his conftant attendance on his pupils would allow 
him to do, till the year 1697, when M. Varignon, fo 
remarkable for his extreme (crupuloufnefs in the choice 
of his eleves, took M. Carre to him in that ftation. 
Soon after, viz. in the year 1700, our author think¬ 
ing himfelf bound to do fomething that might render 
him worthy of that-title, published the firft complete 
work on the Integral Calculus, under the title of “ A 
method of meafurm^ Surfaces and Solids, and find¬ 
ing their Centres of Gravity, Percuflion, and Oicil- 
lation.” He afterwards difeovered fome errors in the 
work, and was candid enough to own and correct 
them in a fubfcquent edition. 

In a little time M. Carre became Affociate, and at 
length one of the Penfioners of the Academy. And 
as this was a fufficient eftabliflunent for one, who 
knew fo well how to keep his defires within juft 
bounds, he gave himfelf up entirely to ftudy; and as 
he enjoyed tne appointment of Mechanician, he applied 
himfelf more particularly to mechanics. He took alfo 
a furvey of every branch relating to mufic; *fuch as 
the dodtrine of founds, the defeription of mufical in- 
ftruments; though he defpifed the pradtice of mufic, 
as a mere fenfuafpleafure. Some Iketchcs of bis inge¬ 
nuity and indttftry in this way may be feen in the Me¬ 
moirs of the French Academy of Sciences. M. Carre 
alfo compofed fome treatife* on other branches of na¬ 
tural philofophy, and fome on mathematical fubjedts; 
aft which he bequeathed to that iftuftrious body; 
though it does not appear that any of them have y«t 
been publi/hed. It is not unlikely that he was hin¬ 
dered from putting the laft hand to them by a train of 
d/forders proceeding from a bad digeftion, which, af¬ 
ter haraffing him during the fpace of five or fix years, 
at length brought him to the grave in 1711, at 48 
years of age. 

His memoirs priuted in the volumes of the Acade¬ 
my, with the years of the volumes, are as below. 

1- The Rectification of Curve Lines by Tangents: 
1701. 

2. Solution of a problem propofed to Geometrici¬ 
ans, &c. 1701. 

3. Reflections on the Table of Equations : 1701. 

4. On the Caufe of the Refradtion of Light: 1702. 

5. Why the Tides arc always augmenting from Breft 
to St. Mnlp, and dimioijhing along the coafts of Nor¬ 
mandy: 1702. 

6. The Number and the Name* of Mufical Inftro- 
menta: 170a. 

* 7. Ota 
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*). On the Vinegar which caufes (mail (tones to nill 
•upon an inclined plane : 1703. 

8. On the ReXification £tc. of the Cauftics by re¬ 
flexion : 1703. 

9. Method for the Rectification of Curves-: 1704. 

10. Obfervations on the ProduXion of Sound : 1704. 

l I. On a Curve formed from a Circle : 1705. 

12. On the RefraXion of Mufket-balls in water, 
and on the Refiftance of that fluid : 1705. 

13. Experiments on Capillary Tubes : 1705. 

14. On the Proportion of Pipes to have a determi¬ 
nate quantity of water: 170^. 

15. On the Laws of Mot ion : 1706. 

16. On the Properties of Pendulums; with fome 
■new properties of the Parabola : 1707. 

17. On the Proportion of Cylinders that their founds 
may form the muncal chords : 1709. 

18. On the Elafticity of the Air: 1710. 

19. On Catoptrics: 1710. 

20. On the Monochord : in the Machines, tom. X. 
■with fomc other piece*,, not mathematical. 

CARRIAGE, of a Cannon, is the machine upon 
which it is mounted ; ferving to noint or direX it for 
(hooting, and to convey it from jdace to place. 

Wheel Carriage, one that is mounted and moved 
about upon wheels. Horfes draw in general, to mofl 
advantage, when the direXion of their draft is parallel 
*0 the ground, or rather a little upwards. A carriage 
alfo goes ealieft when the centre of gravity is placed 
very high ; fince then, when once put in motion, it 
continue? it with very,little labour to the horfes. 

CARTES (Renf. des), oneof the mod eminent 
philofophn .> and mathematicians of the 17th century, 
or indeed of any age whatever. He was defeended of 
an ancient noble family in Touraine in France, being a 
younger fon of a counfcDor in the pa’-’.lament of Rennes, 
and was born March 31, 1596. His father gave him 
a liberal education, and the more fo as he observed in 
him the appearance of a promifing genius, ufing to 
call him the philofopher, on account of his infaliable 
euriofity in afking the reafons of every thing that he 
did not underftatwi. 

Deg Cartes was fent to the Jefuits college at I.a 
Fleche in 1604, and put under the tuition of Father 
Charlet. Here he made a great progrefs in the learn¬ 
ed languages and polite literature ; but having palled 
■through his courfe of philofophy without any great fa- 
tisfaftion to himfelf, he left the college in 1612, and 
began to learn military arts, to ride and fence, and 
other fuch like cxerciles. But notwithftandtng his 
inclination to military achievements, the weakmfs of 
his eonftitution not permitting him early to expofe 
himfelf to the fatigues of war, he was fciit to Paris in 
1613. Here he formed an acquaintance with fcveral 
learned perfons, who helped to reclaim him from his 
intention of declining his ft u dies, particularly Father 
Mcrfenne, whofe converfation revived in him a love 
for truth, and induced him to retire from the world to 
purfue his ftudies without interruption ; which he did 
for two years: but in May 1616, at the repeated fe¬ 
licitations of his relations, he fet out for Holland, and 
entered as a •volunteer under the Prince of Orange. 

Wh&ft he lay in garrifon at Breda, during the truce 
between thc Spaailh and Dutch, an unknown perfun 
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caufed a problem in mathematics, in the Dutch lan¬ 
guage, to be fixed up in the ftreets: when Des Cartes, 
h:eing a concourfe of people flop to read it, defired 
-one who ftood near him to explain it to himin Latin 
or French. The perfon promilcd to fatisfy him, upon 
condition that he would engage to refolve the pro¬ 
blem ; and Des Cartes agreed to the condition with 
fuch au air, that though he little expetlcd fuch a thing 
from a young military cadet, he gave him Ilia ad- 
drefs, deiiring he would bring him the folution. Do- 
Cartes next day vifited Beckman, principal of the col¬ 
lege of Doit, who was the perfon that had tranflated 
the problem to him. Beckman was furprifed at his 
having rcfolved it in fuch a fliort time; but his 
wonder was much inereafed, to find, in the courfe of 
converfation, that the young man’s knowledge was 
much fuperior to his own in thofe fcieitces, in which 
he had employed his whole time for fcveral years. 
During his itay at Breda, 1X‘3 Cartes wrote in Latin, 
a treatife on Muiic, and laid the foundation of fcveral 
of his other works. 

In 1619, he entered himfelf a volunteer in the army 
of the duke of Bavaria. In 1621, he made the cam¬ 
paign in Hungary, under the count d? Buequoy ; but 
the lofs ol' his general, who was killed at a liege that 
year, determined Ifm to quit the army. He loon af¬ 
ter began his travels into the north, and v’fir.cd Rilefla, 
Poland, Pomerania, the coafts of the Bailie, Bran- 
denburgh, Holitein, Eaft Friefiand, Weil Fricfland ; 
in his paflage to which lad place he was in danger of 
being murdered. The failors fancied he was a mer¬ 
chant, who had a large fum of money about him ; and 
perceiving that he was a foreigner who had little ac¬ 
quaintance in the country, and a man of a mild difpo- 
iltion, they refolved to kill him, and throw his body 
into the fea. They even difeourfed of their delign be¬ 
fore his face, thinking he underftood no language but 
French, in which he always fpoke to his fervant. Des 
Cartes fuddenly darted up ; and draw ing his fword, 
fpoke to them in their own language, in luch a tone as 
(truck terror into them : upon which they behaved ve¬ 
ry civilly. The year following lie went to Paris, where 
lie cleared himfelf from the imputation of having been 
received among the Rolicrufiaus, whom he considered 
as a company of vifionaries and impoflors. 

Dropping theftudy of mathematics, he now applied 
himfelf again to ethics and natural philofophy. The 
fame year he took a journey through Switzerland to 
Italy. Upon his return he fettled at Pari 1; but his 
ftudies being interrupted by frequent vifits, lie went in 
1628 to the fiege of Rochelle. He returned to Paris 
in November ; but in the following fpring he repaired 
•to Amftcrdam; and from thence to a place near Frane- 
ker in Fricfland, where he began nis Mctaphyfical 
Meditations, and fpent fome time in Dioptrics; 
about this time too lie wrote his thoughts upon Me¬ 
teors. After about fix months he returned to Amilcr- 
dam. 

Des Cartes imagined that nothing could more pro¬ 
mote the temporal felicity of mankind, tlian the union 
of natural philofophy with mathematics. But before 
he 'fliould fet himfelf to relieve men’s labours, or mul¬ 
tiply the conveni'Mieies of life by mechanics, he thought 
it aeCcftary to difeover fome means of fccuring the hu¬ 
man 
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msr body from difeafe and debility : this led him to 
♦he ftudy of anatomy and chemiftry, in which be em¬ 
ployed tae winter at Amilcrdatn. 

He now, viz, about 1630 or 1631, took a fhort 
tour to England, and made fome obfervations near 
London on the variation of the compafs. In the fpring 
of 1633 he removed to Deventer, where he completed 
fever;d works that were left uniinilhed the year before, 
and relumed his lludies in aftronomy. In the fummer 
he put tire laft hand to his “ Treatife of the World.” 
The next year he returned to Amfterdam; bttt foon af¬ 
ter took a journey into Denmark, and the lower parts 
of Germany. In autumn 1635 he went to Lewarden in 
En'tflaiid, where he remained till 1637, and wrote his 
“ Treatife of Mechanics.” The fame year he pub- 
h'/hed his four treatifes concerning Method, Dioptrics, 
Meteors, and Geometry. About this time he received 
an invitatiou to fettle in England from Sir Charles Ca- 
vendilh, brother to the carl of Newcaftlc, with which 
he did not appear backward to comply, efpecially upon 
being a flared that the king was a catholic in his heart : 
but the breaking out of the civil wars in this country' 
prevented hi.; journey. 

At the end of 1641, Lewis the 13th, of France, 
invited him to his court, upon very honourable terms ; 
but he could not be perfuaded to quit his retirement. 
This year he publifhed his Meditations concerning the 
Exifter.ee of God, and the Immortality of the Soul. 
In 1645 he again applied to anatomy ; but was a little 
diverted from this ftudy, by the queflion concerning the 
Quadrature of the Circle, which was at that time agi¬ 
tated. During the winter of the fame year lie com¬ 
pos'd a fmall traft again!! Gaflendus’s Inftitutes ; and 
another on the Nature of the Paflions. About this 
time lie carried on an epiftolary corrcfpondence with 
the prineefs Elizabeth, daughter to Frederick the 5th, 
eleftor palatine, and king of Bohemia, who had been 
bis pupil in Holland. 

A impute arifing between Chriftina, queen of Swe¬ 
den, and M. Chanut, the refident of France, concern¬ 
ing the following qurilion ; When a man carries love 
or hatred to excels, which of thefe two irregularities is 
the worfl ? The refident fent the queflion to Des 
Cartes, who upon that occafum drew up the difierta- 
tion open J.ove, that is publifhcd in the firfl volume of 
his letters, which proved highly falisfadtory to the 
queen. In June if 47 he took a journey to France, 
where the king fettled on him a pt nlion of 3000 livres ; 
but he returned to Holland about the end of Septem¬ 
ber. In November he received a letter frtim M. Cha¬ 
nut, in queen Chriltina’s name, defiring his opinion of 
the fovereign good ; which he accordingly lent her, 
with fome letters upon the fame fubjeft formerly writ¬ 
ten to the prineefs Elizabeth, and his treatife on the. 
Paflions. The queen was fo highly pleafed with them, 
that lire wrote him a letter of thanks with her own 
hand, and invited him to come to Sweden. He arrived 
at Stockholm in Oct. 1648. The queen engaged him 
to attend her every morning at five o’clock, to inftruft 
her in his philofophy ; and defired him to revife and di¬ 
ced all his unpublifhed writings, and to draw up from 
them a complete body of philofophy. She purpofed 
alfo to fix him in Sweden, by allowing him a revenue 
of 3000 crowns a year, with an eftatc which ihould 


defeend to his heirs and afiigns for ever; and to efta* 
blilh an academy, of which he was to be the director. 
But thefe defigus were fruitrated by his death, which 
happened the nth of Feb. 1650, in the 54th year of 
his age. His body was interred at Stockholm : but 17 
years after it was removed to Paris, where a magnifi- - 
cent monument was eredted to him in the church of 
Genevieve du Mont. 

As to the character of our author: 

Dr. Barrow in his Opufcula tells us, that Des Cartes 
was doubtlefs a very ingenious man, and a real philofo- 
pher, and one who feems to have brought thole alfift- 
anecs to that part of philofophy relating to matter and 
motion, which perhaps no one had done before : name¬ 
ly, a great Hull in mathematics; a mind habituated, 
both by nature and cuilom, to profound meditation ; 
a judgment exempt from all prejudices and popular 
errors, and furnifhed with a good number of certain 
and feledt experiments ; a great deal of leifure ; an en¬ 
tire dilengagcment, by his own choice, from the read¬ 
ing of ufelefs books, and the avocations of life j with 
an incomparable acutenefs of wit, and an excellent ta¬ 
lent of thinking clearly and dillindlly, and of expreifing 
his thoughts with the uttnoft pcrfpicuity. 

Dr. Halley, in a paper concerning Optics, communi¬ 
cated to Mr. Wotton, and published by the latter in 
his “ Reflections upon Ancient and Modern Learning,”, 
writes as follows; As to dioptrics, though fome of the 
ancients mention refraction, as a natural effcCt of tranf- 
parent media ; yet Des Cartes was the firll, who in ■ 
this age has difeovered the laws of refradtion, and . 
brought dioptrics to a fcicncc. 

Dr. Keil, in the introduction to his “ Examination ■ 
of Dr. Burnet’s Theory of the Earth,” tells us, that 
Des Cartes was fo far from applying geometry and ob¬ 
fervations to natural philofophy, that his whqle fyf- 
tem is but one continued blunder on.account of his ne¬ 
gligence in that point; which lie could eafily prove, . 
by (hewing that his theory of the vortices, upon which 
his l'yfirm is founded, is abfolutely falfe, for that New¬ 
ton has Ihewn that the periodical times of all bodies, . 
that fwim in vortices, -inuft be direClly as the fquaris' 
of their diftanet n from tire centre of them t but it it 
evident from obfervations, that the planets, in moving 
round the fun, obfeive a law quite different from this ; 
for the l'quares’ of their periodical times aie always as the 
cubes of their dillances: and therefore, fince they do 
not ubftrvc that law, which of necelltty they mull if 
they fwim in a vortex, it is a dcmoiillration that there 
are no vortices in which the planets are carried round 
the fun. 

“ Nature, fays Voltaire, had favoured Des Cartes 
with a IItong and clear imagination, whence he became 
a very lingular perfon, both in private life, and in his 
maimer of rey foiling. This imagination could not be 
concealed even in his plulofophicai writings, which are 
every where adorned with very brilliant ingenious me¬ 
taphors. Nature had ahnoll made him a poet; and in¬ 
deed he wrote a piece of poetry for the entertainment of 
Chriftina queen of Sweden, which however was lup- 
prefled in honour of his memory. He extended the 
limits of geometry as far beyond the place where he 
found them, as Newton did after him ; and firll taught 
the method ofexpreffing curves by equations. He ap- 
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plied this geometrical and inventive genius to dioptrics, 
which when treated by him became a new art j and if 
Jte was millakcn in feme things, the reafon is, that a 
man who difeovers a new traft of land, cannot at once 
know all the properties of the foil. Thofe who come 
after him, and make thefc lands fruitful, are at leall 
obliged to him for the difeovery.” Voltaire acknow¬ 
ledges, tint there are innumerable errors in the reft of 
Des Cartes’ works j but adds, that geometry was a 
guide which he himfclf had in fome meafure formed, 
and which would have fafely conduced him through 
the feveral paths of natural philofophy: ncvcrtlulefs 
he had at lafl abandoned this guide, and gave entirely 
into the humour of framing hypothefes; and then phi- 
Jofophy was no more than an ingenious romance, fit 
only to araufe the ignorant. 

It has been pretty generally acknowledged, that he 
borrowed his improvements in Algebra from Harriot’s 
Artis Analytic* Praxis ; which is highly probable, as 
he was in England about the time when Harriot’s 
book was puhhlhcd, and as be follows the manner of 
Harriot, except in the method of noting the powers. 
Upon this head the following anecdote is told by Dr. 
Pell, in Wallis’s Algebra, pa. lyU. Sir Charles Cavcn- 
difh, then rciident at Paris, difcoiirfing there with M. 
Robcrval, concerning DesCartcs’s Geometry, then late¬ 
ly published: I admire, faid Roberval, that method in 
Des Cartes, of placing all the terms of the equation on 
one fide, making the whole equal to nothing, and how 
he lighted upon it. The reafon why you admire it, 
faid Sir Charles, is becaufc you are a Frenchman ; for 
if you were an Englilhman, you would not admire it. 
Why fo ? a/ked Roberval. Becaufc, replied Sir Charles, 
we in England know whence he had it; namely 
from Harriot’s Algebra. What book is that ? fays 
Roberval, I never faw it. Next time you come to my 
chamber, faith Sir Charles, I will fliew it to you. 
Which a while after lie did ; and upon pcrufal of it, 
Roberval exclaimed with admiration, 11 Pa vu ! il Pa 
vu ! He had feen it! he had feen it! finding all that in 
Harriot which he had before admired in Des Cartes, 
and not doubting but that Des Cartes had it from 
thence. See alfo Montucla's Hiftory of Mathematics. 

The real improvements of Des Cartes in Algebra 
and Geometry, I lutve particularly treated of under 
the article Algebra ; and his phikifophical doftriii<*s 
arc difplayed in the article Cartesian Philofophy , here 
following. He was never married, but had one natu¬ 
ral daughter, who died when fhe was but five years old. 
There have been feveral editions of his works, and 
commentaries upon them ; particularly thofe of Schoo- 
ten on his Geometry. 

CARTESIAN Philofophy, or Cariefianifm, the fyf- 
tem of philofophy advanced by Des Cartes, and main¬ 
tained by his iolloweis, the Cartefians. 

The Cartcfian philofophy is founded on two great 

? rinciples, the one- mctaphyfical, the other phylical. 

'he metapbyfical one is this : / think, therefore / am, 
or I ex'dl: tne phylical principle is, that nothing exifls 
but fuhjtances. Subftance he makes of two kinds; the 
one a fubftance that thinks, the other a fubftance ex¬ 
tended : fo that aftual thought and aftual extenfion 
make the eflcnce of fubftance. 

The eflcnce of matter being thus fixed in extenfion, 


Des Cartes concludes that there is no vftcflHL nor any 
poflibility of it in nature ; but that the aperfe is ab¬ 
solutely full: by this principle, mere fpadfni quite ex¬ 
cluded ; for extenfion being implied in the idea of fpace, 
matter is fo too. 

Dts Cartes defines motion to be the trnnflntion of a 
body from the neighbourhood of others that arc in 
rontaft with it, and confidercd as at nil, to the 
neighbourhood of other bodies : by which he dcltroys 
the dillinftion between motion that is abfi lute or real, 
and that which is relative or apparent. He maintains 
that the fame quantity of motion is always preferved in 
the univerfe, becaufc God mtift be fuppofed to aft in 
the moft conllant and immutable manner. And hence 
alfo lie deduces his three law s of motion, iiec Motion. 

Upon thefc principles Dts Cartes explains mechani¬ 
cally how the world was formed, and how the jirefent 
phenomena of nature came to a rife. Hi fuppoica that 
God created matter of an indefinite cxtciiiioi*, which 
he feparated into finall fip>a’’e portions »>’• indies, full 
of angles: that lie impreued too mo*, ions on rids mat¬ 
ter; the one, by which etch ,y<-\ revolved ab<"0 :*s 
own centre ; ami another, by which an aiiiml la or 
fyftem of them, turned round a common centre, i': om 
whence arofe as many different vortices, or eddies, as 
there were different maffes of matter, thus m.o ng 
about common centres. 

The confequence of thefe motions in each vorte.,, 
according to Des Cartes, is as follows : The r its of 
matter could not thus move anil revolve aimmgft one 
another, without having their angles gradually broken ; 
and this continual friftion of parts and angles mud pro¬ 
duce three elements : the firft of fiitfe, an infinitely 
fine dull, formed of the angles broken oft ; the fecond, 
the fpheres remaining, after all the angular parts arc 
thus removed ; and thofe particles not ye! rendered 
fmooth and fpherical, but llill retaining Line of their 
angles, and humous parts, front the third element. 

Now the firft or fubtileft element,at coriingto the law* 
of motion, mull occupy the centre at each fyi'om, or 
vortex, by reafon of the fmallnrfs of its parts : nun .his is 
the matter which constitutes the fun, and the fixed llrrs 
above, and the fire below. The fccoad eler i ni, made 
up of fpheres, foimst’ie atmcffpherc, and all the mutter 
between the* earth and the fixed liars: in fueh Lit, iLu 
the largelt fpheres are always next the circiinr-.erre of 
the vortex, and the fmalleft next its centre. The fluid 
dement, formed of the irregular particles, is t, mati.r 
that compofes the earth, and all teirdlrial«iodic;, toge¬ 
ther with comei s, foots in the fun, 8cc. 

He account* fi r the gravity of temftrial bodies from 
the centrifugal force iff the ether revolving round the 
earth : and upon the fame general principles he pre¬ 
tends to explain the phenomena of the magnet, and 
to account lor all the other operations in nature. 

CARY (Robert), a learned Englilh chronologer 
and divine, was bom at Cockington, in the county of 
Devon, about the year ifii5. He took his degrees 
in arts, and I.L.D. in Oxford. After returning from 
his travels he was prefented to the reftory of Portlc- 
mouth, near Kinglbridge in Devonlhire : but not long 
after he was drawn over by the prelbyterian minifters to 
their party, and chofcn moderator of that part of the 
fecona divifion of the county of Devon, which was ap¬ 
pointed 
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"pointed |^Hert at Kingfliridge. And yet, upon the 
reftorati offRC hath"! the 2(1, lie was one of the firll to 
congratulate ’’that prince upon his return, and foon 
after was preferred to the areluleacowy of Exeter; 
but from which he was however fume time afterward 
ej-ftul. He fpent the reft of his d«k'“s at his rectory at 
Portkmoutb, and died in 168 if, at 73 years of age.— 
He publiihed PaMoppia Chronica-, a chronological ac¬ 
count of ancient time, in three .'parts. 1, Didactical; 

2, Apodidadlicul ; 3, Canonical: in 1(177. 

CASATI (Paul), a learned Jefuit, born %t Pla¬ 
centia in 1617. He entered early among the Jefuit a ; 
and after having taught mathematics and divinity at 
Rome, he was lent into Sweden to queen Chrifiina, 
whom he prevailed on to embrace the popilh religion. 
His writings are as follow ; 

X. Vacuum P rojc.nptum .—2. Terra Machir.is mold.— 

3. Mrrhantcoruvi , Vtbr't oilo. —4. ].)<• Ignt Djflhrla!tones. 
——7. Pe yln^dis /)fj utafio Theolog. — 6 . T/ydnjUitica 
p’/frrlatinw .—7. Optics Difpulatinies. It is Tcmark- 
r.bfi- that lie wrote this treatlc on optics at 88 years of 
a:/, and after lu was t.liml. He was alfo author of 
11 . end hooks in the Italian language. 

CA SCAB El., the knob or. button of metal behind 

. o t ■( 1 01 a cannon, as a kind of handle by which 
.0 '■!. .ate and direft the piece ; to which fomc add the 
nil-: unit ogees a>. far as the bafe-ring.* 

CASEMATE, o-. Cazf.matf, in Fortification, a 
x 11 of vault or arch, of flone-work, in that part of 
toe flr.nk of a haftion next the curtain ; fcrving as a 
batten-, to dehnd the face of the oppofite haftion, 
and the moat or ditch. 

The eafematc fometimes confifts of three platforms, 
one above another ; the higheft being on the rampart ; 
though it is connnon to withdrawthis within the bullion. 

The ('airman is alfo called the low place, and low 
flank, as being a* the bottom of the wall next the 
ditch , and fometimes ihe retired flank, as being the 
part >.f the flank ner-eft the curtain, and the centre of 
the bad ion. It was formerly covered by an apaule- 
xncm, or a malTive body, either round or lquarc, which 
prevt.i u! the enemy from feeing within the batteries; 
whence 1; was alfo called cover. i 7 fianl. 

It is now feMom ufed, hecaufe the batteries of the 
enemy are apt to bury the artillery of the ctfbmate in 
the tutus of the vault: befule, the great fmoke made ' 
by tlu difchnrgc of the cannon, renders it' intolerable 
to the men. fio that, inflead of the ancient covered 
cafcmates, later engineers have contrived open ones, 
only guarded by a parapet, &c. 

Ca s f m at rts alfo ufed for a well with feveral fuh- 
terrancous branches, dug in the paftage of the haftion, 
till the miner is heard at work, and air given to the mine. 

CASERNS, or Cazekns, in Fortification, final! 
rooms, or huts, ercfled between the ramparts and the 
heufes of fort ified towns, or even on the ramparts them- 
felves; to ferve as lodgings for the foldicrs on imme¬ 
diate duty, to eaTe the jjarrifon. 

CASE-Shot, or Cannister-Shot,- are a number 
of fmall balls put into around tin cannifter, and fo fliot 
out of great guns. Thefe have fuperfeded, and been 
fubftituted inftcad of the grape-fliot, whi«h have been 
laid afide. 

CASSINI f John Domixic), an eminent aflrono. 
Vol. I. 


mer, was bom of noble parents, at a town in Piedmont 
in Italy, June 8, 1625. After laying a proper foun¬ 
dation in his lludifs at, home, he was feat to continue 
them in a college of Jefuits at Genoa. He had an un¬ 
common turn for Latin poetry, which he exercifed fi> 
very early, that fomc of his poems were pnblifhcd when 
he was hut 11 years old. At length lie met with books 
of aftronomy, which be mid, with great eagernefs. 
Purftiing the hurt of hi:> inclinations in this way, in v 
fhort time he made fo amazing a progrefs, that in i6?o 
the fenate of Bologna invited him to be their public 
mathematical profeil'or. . Cailini was but 25 years of 
age when he went to Bologna, where he taught mathe¬ 
matics, a.id made obfervations upon the heavens, with 
great care and afiiduityt In 1652 a comet appeared, 
which lie ohferved with great accuracy ; and lie difeo- 
vered that comets were not bodies accidentally gene¬ 
rated in the atmofphere, as bad been fuppofed, but of 
the fame nature, and probably governed by the fame 
laws, as the planets. The fame year he refolved an 
aftronomical problem, which Kepler and Bulliald had 
given up as infolrable ; viz, to determine geometrically 
the apogee and eccentricity of a planet, from its true 
and mean place.—In 1653, when a church in Bologna 
was repaired and enlarged, he obtained leave of die fe¬ 
nate to correct and fettle a meridian line, whieft had 
been drawn by an altronomer in 1575'.—In 1657 he 
attended, as an affiftant, a nobleman, who was fent to 
Rome to cqmpofc fome differences, which had arifen 
between Bologna and Ferrara, from the inundations of 
the Po ; and he (hewed fo much (kill and judgment in 
the management of the affair, that in 1663 the pope’s 
brother appointed him iufpeilor general of the fortifi¬ 
cations of the caftle of Urbino: and he had afterward 
committed to him the care of all the rivers.in the cc- 
clefiaftical (late. 

Mean while he did not ncgleft his aftronomical ftu- 
dies, but cultivated them with great care. He made 
feveral difeoverfts relating to the planets Mars and Ve¬ 
nus, particularly the revolution of Mars upon his own 
axis: but the point he had chiefly in view, was to fettle 
an accurate theory of Jupiter’s fatellites; which, after 
much labour and obfervation, he happily effefted, and 
publiihed it at Rome, among other aftronomical pieces, 
in j666 . 

Picard, the French aftronomcr, getting Caffint’s 
tables of Jupiter’s fatellites, found them fo very exaft, 
that he conceived the higheft opinion of his (kill; and 
from that time his fame increafed fofaft in France, that 
the government defired to have him a member of the 
academy. Calfini however could not leave liis flat ion 
without leave of his fuperiors; and therefore the king, 
Lewis the 14th, requeued of the pope and the fenate 
of Bologna, that Cafiini might be permitted to come 
into France. Leave was granted for 6 years; and he 
came to Paris in the beginning of 166y, where he was " 
immediately made the king’s aftronomcr. When thl* 
term of 6 years was near expiring, the pope and the 
fenate of Bologna infilled upon his return, on pain' of 
forfeiting his revenues and emoluments, which had 
hitherto been remitted to him: but^hy minifter Col¬ 
bert prerailed on him to (lay, and he jsras naturalized 
in 1673 ; the fame year alfo in which he was married. 

The Royal Obfervatory of Paris had been finiftretl 
K k fome 
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fotmr time. The occafion of its being buik was this : 
In 1638, the celebrated Merfenne was the chief tu¬ 
tor and promoter of a fociety, where fcvcral ingenious 
and reamed men met together to talk upon pfi vocal 
and uftionoiiueal fubjefts j among whom were tim'i'emi, 
Dcfcartes, Monmort, Thcvciiot, Bidliald, our country¬ 
man Hobbes, &c: and this fociety was kept up 1>\ a 
fuccellivMi oflearnedmen for many years. At length, the 
► government cunfidering that a number of fuch men, 
acting ia a body, would faceted much better in the pvo- 
iruit tort of feienee, than if they atted feparatciy, each 
in his particular art or province, ellabiilhed under the 
direction of Colbert, in 1666, the Royal Academy of 
Sciences: and for the advancement of aflronomy in 
particular, erefted the Royal Obfervatory at Paris, and 
fiuniflicd it with all kind.-; of inilruments that were ne¬ 
’e effary to make obfer vat ions. The foundation of this 
r uble pile was laid in 1667, and the building completed 
in j673. Of this obfervatory, Cafiiui was appointed 
to be the firfl inhVuitcr; which he took pofTdlion of in 
Kept. 1671, when he let hiinfelf with frefli alacrity to 
attend the duties of hie profeflion. In 1672 he endea¬ 
voured to determine the parallax of Mars and the fun : 
and in 1677 he proved that the diurnal rotation of Ju¬ 
piter round his axis was performed in y hours 58 mi¬ 
nutes, from the motion of a fpot in one of his larger 
belts? alfo in 1684 lie difeoyered four fatellites of Sa- 
turti^ befides that which Huygens had found out. In 
1693 he publifhed a new edition of l.is “ Tables of Ju¬ 
piter’s Satellites,” corre&cd by later obfervations. In 
1695 ho took a journey to Bologna, to examine the 
meridian line, which he had fixed there in 1655 ; and 
Jie (hewed, in the prefence of eminent mathematicians, 
that it had not varied in the leaft, during that 40 years. 
Id 1703 he continued the meridian line through France, 
which Picard had begun, to the very fouthern limits of 
that country. 

After our author had refided at the royal obfervatory 
for more than 40 years, making many excellent and 
ul'eful dlfcoverics, which he puhlilhed from time to 
times, he died September the 14th, 1712, at 87 years 
of age; and was fuccecded by his only Ion James 
C-flini. His publications were very numerous, far too 
much fo, evfh to be enumerated in this place. 

CASSINI (Jamfs), a Celebrated French aftronomer, 
and member of the fevcral Academies of Sciences of 
I ranee, England, Pruffia, and Bologna, was born at Paris 
Feb. 18, 1677, being the younger foil of John-Domi- 
nic Caflini, above mentioned, whom he fuccecded as 
isjlronbmcr at the loyal obfervatory, tlie elder fon hav¬ 
ing loft his life at the battle of Ea Hogue. 

After his full {Indies in his father’s houfe, in which 
it is not to be fuppol’ed that mathematics and aftrono- 
rny were ncgkdted, he was fent to ftudy philofophy at 
the Mazarine college, where the celebrated Varignon 
was llien profeflbr of mathematics; from whofejkffiftance 
young Caflini profited fo well, that at 15 years of age 
he fupported a mathematical thefts with great honour. 
At the age of 17 he was admitted a mender of the 
Academy of Sciences; and the fame year he accom¬ 
panied h£s father in his journey to Italy, where he af- 
iifled him ia the verification of the meridian at Bologna, 
and other jneafurements. On his return he made other 
iimlbe operations u. a journey into Holland, where he 


difeovered fome errors in the mcafure of the earth by 
Snell, the rcfult of which was communicated to the 
Academy in 1702. He made alfo a vifit to England 
in ifiyo, where he was made a member of the Royal 
Society.—In 1712 he fuccecded his father as aftrono- 
mee royal at the obfervatory.—.1 n 1717 he gave to the 
Academy his rcfearchcs on the diftance of the fixed 
liars, in which he fhewed that the whole annual orbit, of 
in .ir 200 r.nlliou i f miles diameter, is but as a point in 
compurifon of that diilance. The fame year he commu¬ 
nicated alfo his difeoveries concerning the inclination of 
the orbits of the fatellites in general, and cfpecially of 
thole of Saturn’s fatellites and ring.—In 1725 he un¬ 
dertook to determine the caufe of tlie moon’s libration, 
by which flic flievvs fometimesn little towards one fink, 
and fumetimes a little on the other, of that half which 
is commonly behind or hid from our view. 

In 1732 an important queflion in aflronomy cxer- 
eifed the ingenuity of our author. His father had de¬ 
termined, by his obfervations, that the planet Venus re¬ 
volved about her axis in the fpace of 23 hours: ami M. 
Bianckini had publithed a work in 1729, in which he 
fettled the period of the fame revolution at 24 days 8 
hours. From an examination of Biaiichini’s e'.ifcrv 1- 
tiuns, which were upon the fpots in Venus, he dd- 
covered that he had intermitted his obfervations fm the 
fpace of 3 homy, from which caufe he bad probably 
miftaken new fpots for the old ones, and fohad bceii led 
into the miftakc. He 1'oon afterward;, determined the 
nature and quantity of the acceleration of the motion 
of Jupiter, at half a fceond per year, and of that of the 
retardation of Saturn at two minutes per year ; that 
llu-fe quantities would go 011 inciealing for 2000 years, 
and then would decreafe again.—In 1740 lie publifhed 
his Afire,r.omical Tables ; and his Elements of Ailiu- 
nomy ; very extenlive and accurate works. 

Although aflronomy was the principal object of our 
author’s confideration, he did not confine hiinfelf abfo 
lutely to tlir* branch, but made occafionul exenrfions 
into other fields. We owe alfo to him, for example, 
Expeiinvents on Electricity, or the light produced by 
bodies by friction. Experiments on tlie recoil of fire 
arms ; Researches on the rife of the mercury in the ha- 
rometer at different, heights above the level of (lie fea ; 
Rcfic&lpns on the perketing of burning-glades ; aud 
other nttmnh s. 

The French Academy had properly judged that one 
of its molt important objects, was the mcafuremetit of 
the earth. In 1669 Picard meafured a little more than 
a degree of latitude to the north of Paris ; but as that 
extent appeared too fmnll front whichlto conclude the 
whole circumference with fuflicient accuracy, it was re- 
lolved to continue that meafurement on the meridian of 
Paris to the north and the fuuth, through the whole ex¬ 
tent of the country. Accordingly, in 1683, the lateM.de 
la Hire continued that 011 the north fide of Paris, and 
tlie older Caflini that on the fouth fide. The lart> r was 
aflifted m 1700 in the continuation of this operation 
by his fon our author. THt fame work was farther 
continued by the fame Academicians; and finally tlie 
part left unfinifhed by do* la Hire in the north, was 
finifhed ill 1718 by our author, with the late Marahli, 
and de la Hire’ the younger. 

Thefe operations produced a confidarable degree of 
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prccifxon. It appeared alfo, from this meafnred extent 
»f 6 degrees, that the degrees .were of different lengths 
iii different parts of the meridian ; and in fuch fort that 
our author concluded, in the volume published for 1718, 
that they decreafed more and more towards the pole, 
and that therefore the figure of the earth was that of an 
oblongfpheroid, orhaving its axe longerthantlieerjnato- 
rial diameter. He alfo meafnred thcpcrpei-d<V dar to the 
fame meridian, and compared the meafnred cliftnucc with 
the differences of longitude as before determined by the 
eelijifes of Jupiter’s fateilites j from whence he con¬ 
cluded that the length of the degrees of longitude was 
fmallcr than it would be on a fphere, and Jjiat therefore 
again the figure of the earth was an oblong fpheroid ; 
contrary to the determination of Newton by the theory 
of gravity. In eonfeqiicncc of thefe affertious of our 
author, the French government lent two different fets 
of meafurers, the one to meafure a degree at the equa¬ 
tor, the other at the polar circle ; ami the companion 
of the whole determined the figure to be an oblate fphe¬ 
roid, contrary to Calling determination. 

After a long and MWrioiis life, our author James 
Caffmi loll his life by a fsdl in April 1756, in the Noth 
year of his age, and was fucceeded in the Academy and 
Ohfervutory by his fecond fon Cefar-Francois de Tliury. 
He publifhed, A Treatife on the Magnitude and Figure 
of the Earth ; as alfo The Elements or Theory of the 
Flam is, with Tables ; befide an infinite number of pa¬ 
pers in the Memoirs of the Academy, from the year 
if'99 to 1775. 

CASSINI nv Tuvry (Cesar-I'rancois), a cele¬ 
brated French aftronomer, director of the ohfervatory, 
penlioner aftronomer, and member of niofl of tliclearn- 
td focieties of Europe, was born at Paris June 17, 

171.4, being the fecond fon of James Caffini, wliofe occu¬ 
pations and talents our author inherited and fupported, 
witli gieat honour. lie received his lirfl leffons in af- 
tronomy and mathematics from MM. Maraldi and 
Camus. He was hardly 10 years of age when lie cal¬ 
culated the phafes of the total eclipfe of the fun of 1727. 
Ai the age of 18 he accompanied his father in his two 
Jouniics undertaken for drawing the perpendicular to 
the ohfervatory meridian from Strafbourg to Breft. 
From that time a general chart of France was devifed; 
for which purpofe it was neceffary to traverfe the coun¬ 
try by feveral lines parallel and perpendicular to the 
snewdian of Paris, and our author was charged with 
the conduct of this Bufinefs. He did not content him- 
fclf with the meafure of a degree by Picard: fuipc&ing 
even that the metfures which had been taken by lus 
father and grandfather were not exempt from fome er¬ 
rors, which the imperfe&ions of their inilrurnents at 
leaft would be liable to, he again undertook to meafure 
4 he meridian of Paris, by means of a new ferica of tri¬ 
angles, of a Imallcr number, and more advantageoufly 
xliipofed. This great work was publifhed in 1740, 
with a chart fhewing the new meridian of Paris, by two 
different feries of triangles, palling along the fea coafls, 
to Bayonne, trawrfing the frontiers of Spain to the 
Mediterranean and Antibes, and thence along the eaft- 
ern limits of France .to Dunkirk, with parallel and per¬ 
pendicular lines dcfcvibed at the dillance of 6000 toifes 
from one another, from fide to fide of the country.—In 
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17 45, he had been received into the academy as adjoint 
fupernumerary at 21 years of age. 

A tour which our author made in Flanders, in com¬ 
pany with the king, about 1741, gave rife to the parti¬ 
cular chart of France, at the inllance of the king. 
Caffim publifhed different works relative to thefe charts, 
and a great number of the flnctsofll.e charts thenuelvcs. 

In 17.IM, Cafliui undertook an expedition into Ger¬ 
many ; for the purpofe of continuing to Vienna the 
perpe ndieular of the Paris meridian ; to unite the tri¬ 
angles of the chart of France with the points taken in 
Germany ; to prepare the means of extending into this 
country the fame plan as in France; and thus to eRa¬ 
hil ill fuccefiively for all Europe a moft ufcful uniformi¬ 
ty. Our author was at Vienna the 6th of June 1761, 
the day of the tranfit of the planet Venus over the fun, 
of which he obfeived as much as the Rate of the weather 
would permit him to do, and publifhed the account of 
it in his J’oyttge rn sH'emayne. 

Finally, M. Caffim, always meditating the perfection 
of bis grand delign, profited of the late peace to pro- 
pofc the joining of certain points taken upon the Englifli 
coafl with thufe which had been determined on thecoaft 
of France, and thus to conned! the general chart of the 
latter with that of the Britifli ifles, like as he had be¬ 
fore united it with thofc of Flanders and Germarty. 
The propof’al was favourably received by the Englifh 
government, and prefently carried into effett, under the 
diredtion of the Royal Society, the execution being 
committed to the late General Koy ; after whofe death 
the bufinefs was for fome time fufpended ; but it has 
lately been revived under the aufpices of the duke of 
Richmond, Mailer General of. the Ordnance, and the 
execution committed to the care of Col. Edward Wil¬ 
liams and Capt. William Mudge, both refpedlablc offi¬ 
cers of the Artillery, and Mr. Ifaac Dalby, who had 
before accompanied and aflifted Genewd Roy; from 
whofe united ikill and zeal the happieil profccution of 
this bufinefs may be expedled. 

M. Caffini publilhed in the volumes of Memoirs of 
the French Academy a prodigious number of pieces, 
chiefly allronomical, too numerous to particularize in 
this place, between the years 1735 and 1770; confining 
of aftronomical obfervations and queltions ; among 
which are obfervable, Researches concerning the Paral¬ 
lax of the fun, the moon, Mars, and Vfcnus ; On aftro¬ 
nomical refractions, and the effect caufed in their quan¬ 
tity and laws by the weather ; Numerous obfervations 
on the obliquity of the ecliptic, and on the law of its 
variations. In fliort, he cultivated aftronomy for 50 
years, of the moft important for that fciencc that ever 
elapied, for the magnitude and variety of dbje&s, in 
which he commonly fuftained a principal lhare. 

M. Cafliifl was of a very ftrong and vigorous confti- 
tution, which carried hint through the many laborious 
operations in geography and aftronomy' which he con¬ 
ducted. An habitual retention of urine however ren¬ 
dered the laft 12 years of his life very painful and dif- 
treffing, til! it was at length terminated by the fmall-pox 
the 4th of September 1784, in the 71ft year of his age; 
being fucceeded in the academy, and as director of me 
ohfervatory, by his only' fon the prefent count John- 
Dominic Caffini; who is the 4th in order by direSt 
defeent in that honourable Ration. 

K k 2 CAS- 



CAT 


C as 2 1 


CAT 

CASSIOPEIA, one of the 48 old conllellations, 
placed near Cvpheua, not far from the north pole'. The 
Greeks probably received this figure, as they did the 
reft, from the Egyptians, and in their fables added it 
t9_ the family in the neighbouring part of the heavens, 
tha&Jfcg her the wife of Cephcas, and mother of An- 
dromiaa. They pretend file was placed in this fitua- 
tion, to behold the deltrudliou of her favourite daugh¬ 
ter Andromeda, who is chained juft by her on the 
fhore, to be devoured ; and that as a punifhment for 
her pride and vanity in prefuming to Hand the compa¬ 
nion of beauty with the Nereids. 

In the year 1572 there burft. out all at once in this 
conftellation a new ftar, which at firft furpafied Jupi¬ 
ter himfelf in magnitude and brfghtnefs ; but it dirni- 
nifhed by degrees, tilt it quite difappeara! at the end of 
18 months. This ftar alarmed all the aftronomers of 
that age, many of whom wrote differtations upon it; 
among the reft Tycho Brahe, Kepler, Maurolycus, 
Lycetus, Gramineus, and others. Beza, the Landgrave 
of Hefie, Rofa, and others, wrote to prove it a comet, 
and the fame that appeared to the Magi at the birth of 
Chrift, and that it came to declare his fecond coming: 
tliefe wereanfwered by Tycho. 

The ftars in the conftellation Cafllopeia, are in Pto- 
lomy’s catalogue 13, in Heveb'us’s 37, in Tycho’s 46, 
and in Flamftced’s 55. 

CASTOR, a moiety of the conftellation Gemini; 
called alfo Apollo. Alfo a ftar in this conftellation, 
whofe latitude, for the year 1700, according to Hev< - 
Eus, was io° 4' 20" north; and its longitude ©16 0 
4 *4 • 

CASTOR and Pollux. See Gemini. 

CASTOR and Pollux, in Meteorology, is a fiery 
meteor, which at fca appears fometimes adhering to% 
part of the fhip, in the form of a hall, or even feveral 
balls. When one is feen alone, it is properly called 
Helena; but two are called Caftor and Pollux, and 
fometimes Tyndaridsc. 

By the Spaniards, Caftor and Pollux are called San 
Elmo; by the French, St. Elme, St. Nicholas, St. 
Clare, St. Helene ; by the Italians, Hermo ; and by 
the Dutch, Vree Vuuren. 

The meteor Caftor and Pollux, it is commonly 
thought, denote a ccflation of the ftorm, and a future 
calm ; as it is rarely feen till the teinpeft is nigh fpent. 
But Helena alone portends ill weal her, and denotes 
the fevereft part of the ftorm yet behind. 

When the meteor adheres to the mails, yards, Sec, 
it is concluded, from the air not having motion enough 
to difiipate this flame, that a profound calm is at hand; 
hut if it flutter about, that it denotes a ftonn. 

CASTRAMETATION, the art, oj a<ft,. of en¬ 
camping an army. 

CATACAUSTICS, or Catacaujltc Cunes, in the 
Higher Geometry, are the fpecies of cauilic curves 
formed by refleftion. 

Tliefe curves are generated after the following man¬ 
ner : If there bean infinite number of rays A B, A C, 
A D, &c, proceeding from the radiating point A, and 
xefle&ed at any given curve BCD II, fo that the 
angles of incidence be flill equal to the angles of 
ze&dion » then the curve B E G, to which the rdfcdl- 


cd rays B I, C E, D F, See, are always tangents, as at 
the points I, E, F, See, is the catacauflic, or cauilic- 
by-refledlion. Or it is the fame thing as to lay, that a 
cauilic curve is that formed by joining the points of 
concurrence of the feveral reflected rays. 



Some properties of thefe curve# are as follow. If 
the refledted ray I B be produced to K, fo that A li 
~ B K, and the curve K L hnthe evoiute of the cau- 
flic BEG, beginning at the pmnt K ; then the portion 
of the cauftic B K is =.- AlJ- All + CE - B I, 
that is, the difference of the two incident rays added 
to the difference of the two refledted rays. 

When the given curve BCD is a geometrical one, 
the cauftic will he fo too, and will always be redtifial lc. 
The cauftic of the circle, is a cycloid, or epicycloid, 
formed by the revolution of a circle upon a circle. 



Thus, A B D being a fcmicirclc expofed to parallel 
rays; then thofe rays which fall near the axis C B will 
be refledted to F, the middle point of B C; and thofe 
which fall at A, as they touch the curve only, will not 
be refledted at all; but any intermediate ray Pi I will 
be refledted to a point K, fomewhere between A and F. 
And fince every different incident ray will have a dif¬ 
ferent focal point, therefore thofe various focal points 
will form a curve line A E F in one quadrant, and 
F G D in the other, being the cycloid abovc-menl ion- 
ed. And this figure may be beautifully exhibited ex¬ 
perimentally by expofmg the infide of a fmooth howl, 
or glafs, to the fun beams, or ftronjp candle light; for 
then this curve AEFGD will appear plainly deli¬ 
neated on any white furface placed horizontally within 
the fame, or on the furface of milk contained in the 
bowl. 

The cauftic of the common cycloid, when the rays 
are parallel to its axis, is alfo a common cycloid, de- 
feribed by the revolution of a circle upon the fame bale. 
The cauftic of the logarithmic fpiral, is the fame curve. 

The principal writers od the caullics, are l’Hcpital, 
Carre, See. See Memoires de i’Acad. an. 1666 Ac 
l 7°3- 


CATAe 




CAT [ 253 ] CAT 

CAT ACOUSTICS, or Cataphonia , is the foicnce pal ftar in any conftcllation being denoted by the firft 
of reflc&ed founds; or that part of acouilics which letter of the alphabet, the next ftar in order by the 2d 
treats of the properties of echoes. letter, and fo on ; and when the number of (tars ex- 

CATADIOPTRICAL Tehfcope, the fame as Re- ceeds the Greek alphabet, the remaining ftars are 
Hefting telefcope; which fee. marked by the letters of the Roman alphabet; which 

CATALOGUE of the Stars , is a lift of the fixed letters are preferved by Flamfteed in his catalogue, and 
ftars, difpofed according to feme order ; in their feveral by Senex on his globes, and indeed by moil aftrono* 
couftellations ; with the longitudes, latitudes, right-af- rners finee that time. 

cenhons, &c, of each. ’ In 1673, the celebrated John Hevelius, ofDantzick, 

Catalogues of the ftars have ufually been difpofed, publiflied, in hia Machina Calrjlis, a catalogue of 1888 
either as rollcftcd into certain figures called conilella- ftars, of which 1553 were obferved bfPumfclf; and 
tioiis, or according to their right r.fcenfions,Jfcat is the their places fet down for the end of the year 1660. 
...der of their pallmg over the meridian. Alftne cata- But this catalogue, as it Hands in Flamfteed’s H'tjloria 
logues, from the rnoft ancient flown to F'amfteed’s in- Cah/Hs of 1725, contains only 1520 ftars. 
cjiilivcly, were of the firft of thefe forms, or in coiiftel-. The moil complete catalogue ever given from the 
lations: but moft of the others fince that have been of labours of one man, was the Britannic catalogue, com- 
the latter form, as being much more convenient for piled fro© the obfervations of the accurate and indefa- 
inoil purpofes. Indeed one has lately been difpofed tigablc Mr. Flamfteed, the firft Royal Aftroni mer at 
in dalles according to zones or degrees of polar dif- Greenwich ; who for a long feries of years devoted 
tancc. himfelf wholly to that bufinefs. As there was nothing 

Hipparchus of Rhodes firft undertook to make a wanting cither in the obferver or apparatus, his may 
catalogue of the ftars, about 128 years before Ciirift ; be confidcrcd as a perfeft work, fo tar as it goes. It 
in which lie made ufi. of the obfervations of Timocha- is however to be regretted that the edition had not 
ri;i and Ari’tyllus, for about 140 years before him. pafTed through his Own hands: that now extant was 
Ptolomy retained, JTipparchus’s catalogue, containing ptiblilhed by authority, but without theauthor’seon- 
1026 fixed liars in 4b conftdlations, though he himfelf lent, and contains 2734 liars. Another edition was 
made abundance of obfervations, with a view to a new publifticd in 1725, purfuant to his tellament, containing 
, catalogue, an. dom. 140. Albategni, a Syrian, brought 30CO llais, with their places adapted to the bcgimiiug 

the fame down to his own time, viz, about the year of the year 1689 ; to which is added Mr. Shat p's ca- 

of Chrift 880. Anno 1437, Ulugh Beigh, or Beg, talogue of the fouthern ftars not vifible in our hemi- 
hing of Part hia and India, made a new catalogue of fpherc, fet down for the year 1726. See vol. 3 of liis 

1022 fixed ftars, or according to fome 1016 ; fince Htfioria Calais, in which are printed the catalogues of 

tranflatcd out of Pcrfian into Latin by Dr. Hyde, in Ptolomy, Ulugh Beigh, Tycho, the Prince of Helfe, 
1667. The third perfon who made a catalogue of ftars and Ilewlius j with an account of each of them in the 
from his own obfervations was Tycho Brahe, who de- Prolegomena. 

termined the places of 777 ftars for the end of the The firft catalogue we believe that wa* printed in 
year 1 Oao ; which Kepler, from other obfervations of the new or fecond form, according to the order of the 
Tycho, afterwards increafed to the number of tcooin right af'eenfions, is that of De la Caille, given in hi? 
the Rudolphipc tables ; adding tbofe of Ptolomy and Ephemeridcs for the 10 years between 1755 and 17(15, 
other authors, omitted by Tycho; fo that his cata- and printed in 1755. It contains (lie right afeen lions 
logue amounts to above 1 ido. About the fame time, and declinations of 307 ftars, adapted to the beginning 
"William, landgrave of Helfe, with his mathematicians . of the year 1750.—In 1757, Dc la Caille published his 
Byrgius and Rothman, determined the places of 400 Jtjhonom'ut i'uruhimenia, containing a entadfttoue of the 
ftars from new obfervations, rectifying them for the right afeenfions and declination? of 398 ftars, likewife 
year 1593 ; which Hevelius prefers to tbofe of Tycho, adapted to the beginning of 1 7 ~o .—Arid in 1763, the 
Riceiolus, in his Aftronomia Reformata, ^jjptermined year aftcr.his death, wa, publillicd the Cahtm stujlralc 
the places of 101 ftars for the year 1700, from his SleHiferutn of the fame author ; containing a catalogue 
Own obfervations: for the reft he followed Tycho’s of the places of 1942 liars, all litualeil to the font Invar J 
catalogue ; altering it where be thought fit. Anno of the tropic of Capricorn, and obferved by him while 
1667 Dr. Halley, in tbeiflaud of St. Helena, obferved he was at the Cape of Good Hope, in 1751 and 1752; 
350 of the fouthern ftars, not vifible in our horizon, their places being alfo adapted to the beginning of 
The fame labour was repeated by Father Noel in 1710, 1750.—In the fame year was publillicd his Epheine- 

wlio publift.c-d a new catalogue of the fame ftars con- rides for the 10 years between 1765 and 1777 ; in thein- 
ftrndled for the year 1687. Alfo De la Caille, ail the trodu&ion to which are given the places 0/515 zodiacal-' 
Cape of Good Hope, made accurate obfcivations of ftars, all deduced from the obfervations of the famcau- 
about 10 thoufand ftars near thesfouth pole, in the thor ; the places adapted to the beginning of the year 
years 1751 and 1752; the catalogue of which was 1765. 

pnblilhcd in the Memoirs of the French Academy of In the Nautical Almanac for 1773, is given a cata- 
Scicnccs for the year 1752, and in fome of his own logue of 387 ftars, in right afcenlion, declination, longi- 
works, as more particularly noticed below. tnde, and latitude, derived from the obfervations of the 

Bayer, in his Uranometria, pnhlilhed in 1603 a ca* late celebrated Da-. Bradley, and adjufted to the begia- 
talogne of it60 flars, compiled chiefly from Ptolomy ning ofttuftyear 1760- This fmail catalogue, aud the 
ami Tycho, in which every ftar is marked with fome remits of about 1200 obfervations of the moon, are all 
letter of the Greek alphabet ; the brighteft or princi- that the public have yet feeu of the multiplied labour* 

of 
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of this moil accurate and indefatigable obfcrvcr, although 
he has now (1794) been dead upwards of 32 years. 

In 1775 was publifhed a thin volume entitled Opera 
Jntdita, containing feveral papers of the late Tobias 
Mayer, and among them a catalogue of the right af- 
cenfions and declinations of 998 ftars, which may be 
occulted by the moon and planets ; the places being 
adapted to the beginning of the year 1756. 

At the enj of the firft volume of ‘ Aftronomical 
Obfervations made at the Royal Obfervatory at Green¬ 
wich/ publi^d in 1776, Dr. Maikelyne, the prefent 
Attronomer Royal, has given a catalogue of the places 
of 34 principal liars, in right-afcenlion and north-polar 
diftance, adapted to the beginning of the ycAr 1770. 
Tlieie, being the refult of feveral years’ repeated ob¬ 
fervations, made with the utmoil care, and the bell in- 
ftruments, it may be prefumed are exceedingly accu¬ 
rate. 4 P 

In 1782, M. Bode, of Berlin, publifhed a veryex- 
tdifive catalogue of 5058 of the fixed ftars, coUc&ed 
from the obfervat'ions of Flamfteed, Bradley, Hevelius, 
Mayer, De la CaiUe, Meflier, Monnicr, D’Arquier, and 
other aftronomers ; all adapted to the beginning of the 
year 1780} and accompanied with a Cclcilial Atlas, 
or fet of maps of the conftcllations, engraved in a molt 
delicate and beautiful manner. 

To thefe may be added, Ds» Herfchel's catalogue 
of double ftars, printed in the Philof. Tranf. for 1782 
and 1783 ; Memer’s nebula and cluftcrs of ftars, pub¬ 
lifhed in the Connoiflance des Temps for 1784 ; and 
Herfchel’s catalogue of the fame kind, given in the 
Philof. Tranf. for 1786. 

In 1789 Mr. Francis Wollafton publifhed ‘ A Spe¬ 
cimen of a General Aftronomical Catalogue, in Zones 
of North-polar Diftance, and adapted to Jan. 1, 1790/ 
Theft ftarij arc collected from all the catalogues before- 
mentioned, from that of Hevelius downwards. This 
work contains five diftindt catalogues ; viz, Dr. 
Mafkelyne’s new catalogue of 3 (> principal ftars ; a ge- 
rrral catalogue of all the ftars, in zones of north-polar 
dillauce; an index tp the general catalogue ; a cata¬ 
logue of kll the ftars, in the order in which they pafs 
the merits and a catalogue of zodiacal liars, in lon¬ 
gitude anaTaiitude. 

Finally, in 1792, Dr. Zacli publifhed at Gotha, %a- 
lufer Moturnn Svlis, to which is annexed a new catalogue 
of the principal fixed ftars, from his own obfervations 
made in the years .1787, 1788, 1789, 1700. This ca¬ 
talogue contains the right afeenfions and declinations 
of 381 principal ftars, adapted to the beginning of the 
year 1800. 

CATAPULT, Catapulta , a military engine, much 
ufed by the ancients for throwing huge llones,* and 
finmetimes large darts and javelins, 12, 15, or even 18 
feet long, on the enemy. It is fometimes confounded 
with the Balliita, which is more peculiarly adapted for 
throwing ftones 5 fome authors making them th- fame, 
and others different. 

The rq£api> 1 ta, which it is faid was inventtrHiy the 
Syrians, confifted of two huge timbers, like mails of 
fliips, placed againil each other, and bent by an engine 
for the piinxnc ; thefe being fuddcnly ugj^ent again 
by the ftroke of a hammer, threw the javelins with 
prodigious force. Its ilru&ure and the manner cf 


working if are tk-feribed by Vitruvius; and-a figure of it 
is alio given by Perrault. M. Folard aflerts that the ca¬ 
tapult made infinitely more dilorder in the ranks than 
our cannon charged with iron balls. See Vitniv. 
Archil, lib. x. cap. 15 and 18 ; and Perr. notes on the 
fame ; abb Rivius, pa. 597. 

JoKplun takes notice of the furprifing cfFefls of thefe 
engines, and fays, that the ftones thrown out of them, of 
a hundred weight or more, beat down the battlements, 
knocked the angles off the towers, and would level a 
whole file of men from one cad to the other, were 
the phakax ever fo deep. 

See pme V, fig. 3 and 4, for two forms of the cata¬ 
pult, the one for throwing darts and javelins, the other 
for ftones. 

CATENARY, a curve line which a chain, cord, 
or fuch like, forms itfelf into, by hanging freely from 
two points of fufpenfion, whether thefe be in the fame 
horizontal line or not ; as the curve ACB, formed hy 
a heavy flexible line fufpended by any two points 
A and B. 



The nature of thi,- curve was fought after by Galileo, 
who thought it was the fame with the parabola; but 
though Jungius detected this milloke, its true nature 
was not difeovered till the year lfiyi, in confequcnce 
of M. John Bernoulli having publifhed it. as a problem 
in the Acta Eruditorum, to the mathematicians of Eu¬ 
rope. In 1 f >97 Ur. David Gregory pnhlifhcd an in- 
velligation of the properties before difet^ered by Ber¬ 
noulli and Leibnitz; in which he pretends that an in¬ 
verted catenary is the belt figure for an areli of a bridge 
&c. See Philof. Tranf. abr. vol. 1. pa. 39; alfo Ber¬ 
noulli Opera, vol. t. pa^^H, and vol. 3. pa. 491 ; and 
Cotes’s Harmon. Menfur. pa. 108. 

Thecatenary is arurvenf t lie nn i bunical k iml, and can¬ 
not be exnrefled by a finite algebraical equal ion, iii fimplc 
terms of nTablciis and ordinate ; but is raldy expreflLd 
by means of fluxions; tints if A(.> be its axis perpendicu¬ 
lar to the horizon, and PQ^ an ordinate parallel to the 
fame, or perp. to AQj alfo pr> another ordinate indefi¬ 
nitely near the former, and pa parallel to AQ^; then, <1 
being fome given or conflant rjaantity, the fundamental 
property of the “curve is this, viz, P 0 : op : : AP 
«, or i : y ;: » : n, that is, the fluxion of the axis, 
is to the fluxion of the ordinate, as the length of the 
curve is to the giijpi quantity a ; where x — A(^, y 
sz PQ, and * = Ar. This, and the other properties of 
the curve, will eafily appear from the following confi- 
derations: l'irft, fnppofing the curve hung up by its two 
points B and C againil a perpendicular or upright 
wall: then, every lower part of the curve being kept 
in its pofition by the tenfion of that which is imme¬ 
diately above it, the lower parts of the curve will retain 
the fame pofition unvaried, by whatever points it is fuf. 

pended 
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pended above 5 thus, if it were fixed to the wall by the 
point F, or G, Stc, the whole curve CAB will remain 
Juft as it was ; for the tenfiuna at F and G have the 
fame effect upon the other parts of the curve as when 
it is fixed by thofe points: and hence it follows that 
the tenfion of the curve at the point A, in the horizon¬ 
tal direction, is a conftant quantity, whether the two 
legs or branches of the curve, on both lidc 3 of it, be 
longer or (liorter: which conftant trillion at A let be 
denoted by the quantity a. 

Now' becaul'e any portion of the curve, as AP, h 
kept in its poiitiou by three forces, viz, the tenfions at 
its extremities A and P, and its own weight, of which 
the tenfion at A acts in the direction AH or f>o, and 
the tenfion at P aits in the direction P/>, and the wt. 
of the line aits in the perpendicular direction </P ; that 
is, the three forces which retain the curve AP in its 
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—; an equation to the curve alfo, in 

v 2 a 

terms of x and y, but not in fimplc algebraic terms. 
This lull equation however may be brought to much 
Ampler terms in different ways ; us firil by Iquariug tlie 
logaritiunic quantity and dividing its cocf. by 2, then 


y = a X hyp. log. of 


a -f- x ■ v' + x 1 


=z a X 


liyp.1i 


portional to tlie three tides of a triangle drawn in the 
directions in which thofe forces act; therefore it fol¬ 
lows that the forces keeping AP in i'.s pofition, viz, 
tin* tenfion ait A, the tenfion at P, and the wt. of AP, 
are refpeclively as oi>, y>P, anil n P, 
that is, as y, i, and x. 

But the tenfion at A is the conftant quantity a, and 
the wt. of the uniform curve AP may he expounded by 
iis h-ngtli :r. ; therefore it follows that x : v : : as : a ; 
which was to he proved. 

Alfo from thi.-. lull proportion, by proper atujogt 
or limilar combinations of the terms, there ariRHRn; 


r> 

is 


s /aa + ss, 
and the 


+ K 
But at the vertex 
o, this becomes 


Anv of which is tiie «qua!ion of the curve hi terms 
o( the arch and it*- ah fiefs ; iti which it appears that 
u f- x is the ^lypo.lienuie of a right-angled triangle 
wh.-ifc two legs an a and r.. So that, if in QA a:.d HA 
produced, there be taken AD = u, and AE = the 
curve 1. or AP ; then will the hypothenufe 1 )E be = 
a 4 * x or DQ. A11J lienee, any two of thefe thvee^ 
a, .r, v , being given, the third is given alfo. 

Again, from the ftrft fimplc property, viz, x :y : : 
* : a, or ax = zy, by fubftitutin g the value of a above 

found, it becomes ax — y^/zax -f- x*, or y = 
ax ... 

——and the fluent of tins equation is 


lax ~t~ x* 


y — za X hyp. log. of v'x -f \ / 2u ■+■ x 
the vertex of tRe curve, where x = o and y =. o, this 
beromts o 2a X hyp. log. of \/2a ; therefore the 

evm& equation of the fluent3 is 2a X hyp. log. of 


But at 


log. 


a - 4 - .v -f -z 


; and 2d by multiplying both nu¬ 


merator and denominator by \S2a + .v — x , then 
fquaring the produet, and dividing the coef. by 2, 
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CATHETUS, in Geometry, a name by which the 
perpendicular leg of a right-angled triangle is fomelime* 
called. Or it is in general any line or radius falling 
perpendicularly on another line, or furface. 

Cathetus of Incidence ; in Catoptrics, is a right line 
di awn from a radiant point, or point of incidence, per¬ 
pendicular to the reflecting line, or plane of the fpecu- 
itun. 

Cathetus of Rfcfiion, or of ike Eye , a right line 
drawn from the eye, perpendicular to the plunc-of le- 
fleCtion. 

Cathetus, in Arehite£ture, denotes the axis of a 
column &c. In the Ionic Capital, it denotes a line 
pa fling perpendicularly through tiic eye or centre of 
the volute. 

CATOPTRICS, the feience of reflex vifion, or 
that part of optics which explains the laws and proper¬ 
ties of light reflected from mirrors, or fpecula. 

The firil treatife extant on catoptrics, is that which 
was compofcd by Euclid : this was pnblifhed in Latin 
in 1604 by John Pena; it is alfo contained in Herigon’s 
Courle of Mathematics, and in Gregory’s edition of 
the works of Euclid: though it is fufpected by fome 
that this piece was not the work of that great geome¬ 
trician, uotwithftandi'ng that it is aferibed to him by 
Proclus in lib. 2, and by Marinas in his Preface to 
Euclid’s Data. Alhazcn, an Arabian author, compoftd 
a large volume of optics about the year t ico, in which 
he treats pretty fully of catoptrics: and after him Vi- 
tello, a Poliih writer, compofcd another about the year 
127c. ‘Pacquet, in his Optics, has very will demon- 
ft rat eel the chief propofitions of plane and fphericul fpe- 
culums. And the fame is very ably done by l)r. Bar- 
row in his Optical Leftm es. There are alfo Trabe’s 
Catoptrics; David Gregory’s Elements of Catoptrics ; 
Wolfius’s Elements of Catoptrics; and thofe of D*. 
Smith, cont.uned in his learned and very elaborate 
Treatife on Optics ; and many others of lefs note. 

As this fubjetfl is treated under the general term Op¬ 
tics, the lefs need be laid of it here. The whole doc-* 
trine of Catoptrics depends upon this fimplc principle, 
that the angle of incidence is equal to the angle of re¬ 
flection, that is, that the angle in which a ray of light- 
falls upon any furface, called the angle of incidence, 

is 
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is equal to the angle in which it quits it when refle&ed fieftcd 4. FCE, which is equal to the oppofltc angle 
imin it, called the angle of reflexion; though'it is BCG ; lb that the two triangles ABC, GBC, have 
Avneiiiv.es defined that the angles of incidence and re- the angles at C equal, as alio the right angles.a*. B 
If A ion. a-e thofe which the iudient and Mleiicd rays equal,‘and confequently the 3d angles at A and G 
make, not with the re'Jeciing furface it lei f, hut with equal; and having alfo the lide BC common, they are 
a perpendicular to that Airfare, at the point of coiitadl, equal in all refpefto, and fo AB — 15 G. And the 
which are the complements to the others: but it mat- fame for the other rays. Confequently the angles 
ters not by what name thefe angles are called, as to the BGC, BGI, BGK are refpef.ltvtly equal to the angles 
tnii.li and principles of the fciencc ; line;*, if the angles BAC, BA 1 , BAK ; that is, the rclledtcd rays have 
are equal, their complements are alfo equal. Tiiisprm- the fame inclinations as the incident ones have, 
ciple of the equality between the angles of incfflfcnce 2. Hence it is that the image of an objeft, feeu by 
and reflection, is mere matter of experience, being a refled ion from a plain mirror, teems to proceed from a 

phenomenon that has alwavs been okferved to take jdaee G as far beyond, or on the othtt iide of the re¬ 
place, in every cafe that has fallen under obfcrvuliou, flefiing plane DE, as the ohjed A iifelf is before the 

ns near ayieail as mechanical meafurements can afeer- plane. This is when the incident rays diveige from 

tain ; anonence it is inferred that it is a univerfal law fome point us A. 

of nature, and to be cnilidered as matter of fac. in But if the cafe be reverfed, and FO, 1 . 1 , MK be 


all cafes. Thus, let AC be an incident ray falling up- 
,011 the reflecting fur face DE, and CB the refleftcd 
rav, alfo CO perpendicular to DE ; then is the angle 
ACD = BCE, or the angle ACO = BCO. 

A .?.5 
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Of this law in nature, viz, the equality between the 
angles of incidence and refle&ion, it is remarkable, 
that in tin’s way, the length or rout AC ■+■ CB, in a 
ray palling from any point A to another given point B, 
by being reflected from any' furface DE, is the fhorteft 
poflible, namely AC + CB is Ihortcr than the fum 
AG 4- GB of any other two lines infle&ed at the line 
DE ; and hence alfo the paflage of the ray from A to 
B is performed in a Ihortcr time than if it had palled 
By any other way. 

From this fimple principle, and the common proper¬ 
ties of lineal geometry, the chief phenomena of catop¬ 
trics arc caiily deduced, and are as here following. 



t. Raysoflight refle&ed from a plane furface, have 
the fame inclination to each other after reflection as 
they had litfore it. Thus, tire rays AC, AI, AK, 
j lining from the radiant point A, and reflected by the 
furface DE into the lines CF, IL, KM; thefe lat¬ 
ter lines will have the fame inclination to each otlfer as 
the former AC, AI, AK have. For draw ABG per¬ 
pendicular to DE, and produce FC, LI, MK back¬ 
wards to meet this perpendicular, fo Ihall they all meet 
in the fame point G, and AB will in every cafe be equal 
to BD s for the incident 4 ACB is equal to the rc- 


confidcred as incident rays, bluing from points 1', L,fl, 
and converging to fome point G beyond the reflecting 
plane; then CA, IA, KA will become lit • reflected 
ray r s, and they will converge to the point A as far be¬ 
fore the plane, as the point G is beyond it. 

So that univerfally, when the incident rays diverge 
from a point A, the reflected rays will alfo diverge 
from a point G ; and when the incident rays conveige 
towards a point G, the reflected ones will alio conveige 
to a point A ; and in both cafes thefe two points are at 
equal diflances on the oppuiile ftdes of the refledling 
plane DE. 

3. Parallel rays reflected from a concave fpherical 
Arrive, converge after reflection. For, let AK, CD, 
EEUfc three parallel rays falling upon the concave fur¬ 
face FB, whofe centre is C. To the centre draw the 
perpendiculars FC and BC ; alfo draw I'M making the 
reflected angle CFM equal th the incident angle CT'A ; 
and in like manner BM to make the angle CBM the 
angle CBE ; fo Ihall the rays A F and EB lie reflected 
into the converging rays FM and BM. As to the ray 
CD, being perpendictilar t<^ the furface, it is i t fleeted ■» 
back again in the fame line DC. 



4. Converging rays falling upon the concave Airfare 
are made to converge more. Thus, let GB and 11 F 
be the incident rays : then bccaufe the incident angle 
IIFC is larger than the angle AFC, therefore the equal 

reflected 
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refle&ed angle NFC js greater than the refledled angle 
MFC, and To the point N is below the point M, or the 
line FN below the line FM ; and in like manner BN is be¬ 
low BM; that is, the reflect'd rays FN and BN are more 
converging in this cafe, than FM and BM in the other. 

5. The focus to which all parallel rays, falling near 
the vertex 1), are reflected, is in the middle of the ra¬ 
dius M. For, bccaufe the Z. MFC ~ Z. AFC which 
is = the alternate Z. FCM, therefore the lides oppo- 
fite thefe angle; are elfo equal, namely the fide FM = 
CM ; confequently when the point I’ i:; very near the 
vertex 1), then the fum CM -f- MF is nearly = Cl), 
and fo CM nearly — MI), or tlu foci’s of the parallel 
rays is nearly in the middle of liie radius.—But the 
focus of other Reflected rays i: either above or below 
that of the parallel rays; namely, below when the in¬ 
cident rays are converging, and above when tiny are 
diverging ; as is evident by inlpcdlion ; thus, N the re¬ 
flected focus of the converging raj’:; till and I IF, is 
below M ; I that of the diverging rays YB and YF, is 
above M. 

Cu Incident and reflected lavs are reciprocal, or fo 
that if the refleired rays be returned hack, or confi- 
dered as incident ones, they will lie reflected back into 
what were before '.heir incident rays. And hence it 
follows that diverging rays, after reflection from a con¬ 
cave fpherical iurfacc, become either parallel or lefs di¬ 
verging than before. Thus the incidcut rays MF and 
MB a<c it fitted into tiie parallel rays FA and TIE, 
and the rays h'F and Nil arc reflected into 1TI and BO, 
which are ief. diverging; alfo the rays 1 F ar.d 1B art; re- 
Ih-ifLd int.i h’K and iil., which converge.—And hence 
all the phenomena of concave mirrors will be evident. 

7 . Kays :efleclrd from a convex fpccubim, become 
quite contrary to thofc reflected from a concave one ; 
lo that the parallel rays become diverging, and the di¬ 
verging rays become ftill more diverging ; alfo con¬ 
verging rays will become either diverging, or parallel, 
or dfe lefs converging. Thus B1)F being a fpherical 
iurfacc, whole centre is C, produce the radii CBV 
mid CFF which are perpendicular to the furfaec ; then 
it is evident that tin parallel ray:; AF and EB will be 
tcheated into the diverging ones FK and BE 5 and the 
diverging rays YB and YE became BO and FP which 
arc more diverging ; alio the converging rays FTF and 
till become FR and Bf> which diverge, or die KF 
and EB become FA and 11E which arc parallel, or 
elfc la Illy IT and OB become FY and BY which arc 
converging. 



8. Hence, ns in the concave fpmdmr., fo alio in th« 

convex one, of parallel incident rays AF and EB, the 
imaginary locus M of their rdieted rays FE and BK, 
is in the middle of the radius when the fpcculum is a 
fmall legment oi a fphere : but the reflected imaginary 
focus of other rays is cither above or below the middle 
point M, vi/. N being thaJ of the converging rays Gli 
and FI I*, below M ; but I, that of the diverging ravs 
YB and YF, above M. ' 

9. When the Ipeculum is the final! fegment of a 
fphere, either com ex or concave, and the incident 
rays either converging or diverging, t he dillancer. of 
the foci, or points i f concurrence, of the incident ray 
and of 11 ic; reflected rays, from the vertex of the fpe- 
culum, are directly proportional to the didances of flic 
fame from the centre id it ; 

that is Yl) : ID :: YC : J C, 
and , Q» : Nl) :: (JC : NO. 

For hecaufe the radius CF, or the fame produced, bi- 
ferts the angle YFI in the concave fpcculum, or the 
external angle YFP in the convex one, therefore YF ; 
IF : : YC : 1 C ; but when F is very near to L>, then 
YF and IF become nearly YL) and II) ; eoniiuuently 
Yl>: IDs: YC : IC. ' 

In like manner, hecaufe CF Infects the ungie QFN 
in the convex, or its external angle NIll in the con¬ 
cave fpcculum, therefore QF : FN ; : QC : NC ; but 
when F is very near to I), then OF and FN become 
neaily QD and Nl) ; and therefore QJ) : NI) : : QC : 
NC. 

For example, fuppofe it were required to find the fo¬ 
cal diflance of diverging rays incident upon a convex 
furfacc, the radius of the fphere being j inches, and 
the diflance of the radiant point from the furface 20 
inches. Here then are given YD 1= 20, and CD ~ 
to find ID : then 

the theorem YI) : ID :: YC: IC, 
in numbers is 20 : ID : : 2<T: y — ID, 

or by permutation 20 : 25 :: 11 ): y —ID, 

and by compofition45 : 20 :: 5 : ID r= = y 5= 

2^ the focal diflance fought. 

And if it fhmtld happen in any cafe that the value of 
ID in the calculation lhould come out a negative quan¬ 
tity", the focal diflance mud then be taken on the con¬ 
trary fide of the I urfacc. 

From the foregoing principles may be deduced and 
collected the following practical maxims, for plane and 
Ipherical mirrors, viz, 

]. In a P'u'f.e Mirror , 

(1). The image will appear as far behind the mir¬ 
ror, as the object is before it. 

(?). The image v.ill appear of the fume fizc, and in 
thi lame p iliti-.m :::. the objifl. 

{3). Aiiyp]:?i: niM-ror will reflgft the image cf an 
chji-ft of twice it 1 , own length atyjRreadt li. 

IT. In t: S/I. tin! Convex Migror, 

(1) . The image w iil ;..\i r:\apjiear behind the rnir- 
r..i, or within the fnhere. 

(2) . The Image v.-ii! he in the fame poiition, but 
ills than the obitCt. 

(3) . The image will he curved, but not fpherical, 
:.i.c the mirror. 

{). Parallel ravs falling on tlrs mirror, will have 
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the image at half the dillance of the centre from the 
mirror. 

(5) . In converging rays, the dillance of the object 
mull tie equal to half the dillance of the centre, to make 
the image appear behind the minor. 

(6) . Diverging rays will have their image at lefs than 
half the dillance of the centre. 

III. In a Spherical Concave Mirror, 

(1) . Parallel rays have their focus, or the image, at 
half the dillance or the centre. 

(2) . In the centre of the fphere the image appears 
of the fame ditnenflons as the object. 

(j). Converging rays form an image before the 
m'rror. 

(,j). In diverging rays, if the object be at lefs than 
In 1 . ,hc difiance of the centre, the image will be be¬ 
hind tho mirror, ercCi, curved, and magnified; but 
if the dillance of the object be greater, the itriage will 
be beture the mirror, inverted and dimitiiflicd. 

(5) . Tl ie tolar rays, bring paialh 1, \\ ill be colkfled 
in a focus at half the difiance of its centre, where* their 
heat will be augmented in proportion as the iurfucc of 
the mirror exceeds that of the focal fpot. 

(6) . If a luminous body be placed >11 the focus of 
a concave mirror, its rays, being reflected in parallel 
liner, will ftrongly enlighten a fpace of the fame dimrn- 
fions with the mirror, at a great dillance. If the lumi¬ 
nous object be placed nearer than tlte focus, its rays 
will diverge, and fo enlighten a larger.fpace, but not to 
ilicmgly. And upon this principle it is that reverbe¬ 
rators are cofiflruAed. 

Catoptric Dial , a dial that exhibits objedls by 
refledfed rays. See Resetting Dial. 

Catoptric Tshfropr, a tclelcope that exhibits ob- 
jedis by reflection. See Rejlctihig Ti- t.t- scope. 

Catoptric CJlula , a inachbn., or apparatus, by 
which finull bodies are reprefent*. d extremely large, 
and near ones extreme!) wide, and dif.ifed through a 
vail fpace; with other very pleating phenomena, by 
means of mirrors, difpofeJ by thi laws of catoptrics, 
in the concavity of a kind of chCl. 

There are various kinds of these machines, accom¬ 
modated to the various intent Las of the artificer: 
fome multiply the ohjedfs, fume magnify, fomt deform 
them, dec. The it ruct arc of one or two of them will 
fuffice to fiiew how many more may be mad*.. 

7 o make a Catoptric Cijlu/a to r-prtjrnt fvcral dif¬ 
ferent Jcsties of u/jetfs, when viewed by elfin nt holes. 



Provide a polygonal ciflula, or box, like the mulj" 
angular prifm ABCDF.F, and divide its cavity by dr 
agonal plains AD, 11 E, CF, iuterieC.iag i.« the cen¬ 
tre, into as many triangular cells as the etiell has fides. 
I,r - thole diagonal juirt.itions with plain mirrors ; and 
in • 1 c lides ot the box make round holes, thiough 
whie 1 the eve may j'eep within the cells of it. Tialc 
hoi ac-: .to he c.ivcivd with plain glaliea, ground 
within ik.c, but not polifhed, to prevent the objects ill 
the cells ir.'in appearing too diliinctlv. ill each ta.ll 
are to be placed the different objects whole image, au¬ 
to be exhibited ; then coveting up tue lop of tin chill 
with a tlii.j traufpment menihranc, or parchment, lo 
admit the lig..t, tin* machine is complete. 

I dr, from the laws of reflection, it follows, that the 
imngis of objects placed within the angle;; ol Illinois, 
arc multiplied, and appear fome more 11 mote than 
ethers ; by which the objects in one cell wiil appear to 
take up more 100m than is contained in the whole box. 
Therefore by looking through one hole only, the objects 
in one cell will be fecu, but thole multi jibed, and diliufed 
through a fpace much larger than the whole box. Thus 
cverv hole will afllnd a new Irene ; and according to 
the different angle:, the mirrors make villi ea h other, 
tlu* reprefenlations vs ill be different : if thev be «■.( an 
angle greater than a right one, the images will be men- 
llrott", occ. 

'7 a mils a Catoptric Cifli.’a to ropy [cat the ohjtft 
within i‘ prodifrmjfy multiplied, and a fifed through 
a v.tfljpa.v. 

Make a polygonoir, eillula or box, as b» fore, blit 
without dividing the inner cavity into anv apartment*:, 
or cells ; line the inlides CBH 1 , l’>HI.A, A 1 .M 1 , o> 
with plane mirrors, ai.d at the holes pare oil the tin and 
quickfilver, to look tlircugh ; place any object in thr 
bottom MI, as a bird in a cage. Sec. 

Now by looking through the aperture hi, each ob¬ 
ject placed at the boiioin will be hen vallly multiplied, 
and the images ivnovnl at equal diila.icer, from one 
another, like a great multitude of birds, or a large 
aviary. 

CAVALIER, in Fortification, a mount. cTearth 
r.fifed in a fortrefi. higher than the oth. r works, cm 
which to place cannon fvc for Louring the field, or 
oppoimg a commanding work. Cavaliers are of dif¬ 
ferent lhapes ; and are bordered with a parapet, to t over 
tiie cannon mounted upon them ; their iitnation is <Jio 
various, eiiiier in rite curtail, bail ion, or goige. Toe 
cavalier is fomclimes uiiicd a double bullion, and its 
Jr 1 '. IS to OVv.r.o, k the enemy’s batteries, and to fcour 
their trenches. 

CAVALIERI ( 11 11\a vr nt u ra), an eminent Ita¬ 
lian mathematician in the 17th cmlury. lie was a na¬ 
tive of Milan, and a fiia: of the order of the Jefuati 
of St. Jerome. Cavalieii was a difeiple of Galileo, and 
the friend of Torricilli. He was a very eminent ma- 
thenvitic.iaw, and was profefl’or of that frience at Bo¬ 
logna-;- where feveral of his books w*cre jxihliflied, and 
where he died in the year 1647. His works that have 
Lien pubiilhec, as far as I can find, are as follow : 

1. Director iitm Genera's Umtionntricum ; ,\tn, Hononix, 
1632.— In thin work the author treats of Trigonomc 
try; and Lorcrithms, their conllrudtion, nfcs, and aj»- 
piications. '1 lie work includes ally tables of logarithms 
3 of 
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of common numbers; with trigonometrical tables, of 
natural fines, and logarithmic fines, tangents, fccants and 
verfed fines. 

2 . Lo Spechio UJlorio rrurro Trattain dAle Srtl'wni 
Cunirhc t 4/0, Bologna, 1632.—Ar. ingenious treat ife of 
conic fc£lions. 

3. Grom etna TttJivi/if’iliius covti.'urtrum nova qua flam 
raiinnr prnmnta : Ain, Bononis, 1639 ; and a 2d edition 
in if>ij3._This is a euriott., original work ill geometry, 
in which the author conceives tiie geotnctiica! figures 
as reiulved into their vei y fmall elements, or ar. made 
Uj> of nil infinite numher of inli.iitelv imali pints, ami 
on account of which lie pafiei; in 1 trly fur tlie inventor 
of 1 lie infinilcfin'nl calculus. 

4. 7 ■w'Mmrfru Plana hi Sp/.urrlra, ].weans, hi 
/.’■Tiii il/'niira : Ain . J'nr.-,ni ”, 1 i”v;".—A very neat and 
ingenious treatife cn Trigo- mnetry ; with the tables of 
lines, tangents, and beams, both nitur.il and lngarilh- 
mical. 

t,*. J’.srrcitaticn-'S Crntnr'r-r.r S ■>: : At'-, Bvra-ni.r, tfkty. 
7 ’his work contains Exercifer. on the method of Indivi- 
fibles ; Anfwcrs to the objcflion- of Gukliui; The life 
of 1 min'f iMes in c.ofiic powers or algebra, and in confi¬ 
de-ations about gravity ; v. itH a rt.ifceilaueous colled*, ion 
of problems. 

CAUUA C.iprh-nrni , a fixed (far of the 4th magni¬ 
tude, 11: the t; il of C’anricovu ; (.died rtlfoby the Aral)--, 
L)i:uh Algtdi ; and ir.arht d - by Beyer. 

Cauda Celt, a fixed fiar of tin- 3d magnitude ; called 
idf-i by the Arabs, Dineb Kaetos ; marked /2 by 
1km.' 

Cauda Cygri. a fiv<d fiar of the 2d magnitude iti 
the Swan’s tail t Cv'.li v d by the /* r.drs, ninth Adigege, 
or b ldiy-agi'-h ; ;.ad marked a bv lViyer. 

Cm ;u, TV/ '.mi, a fi--ed fiar of the 3d magnitude, 
in the t.,il of the UHpbii. ; maik di bv Racer. 

Cauda l/n<a-r't, <n J >: '.guo’s tail, the moon's 
frntbern or defc' ndii,;; nod;. 

Cauda J.r - v, a fixed naro r the fHl magnitude in 
the I.ion’s t::if; called ;dl.> tiy the A taint, Flintb 
El-fid ; and marked fi bv Bayer. It is called alfo Lu¬ 
cid:'. O.iuti.i. 

Ca '.ida Ur fa 71 liiar'a, n fi>ed fiar of the 3d magni¬ 
tude, in the tip of the Great Hear’:; tail ; called ;dfo by 
the Arabs, Alaliotli, and Bcncuxth ; and nun kid x by 
lb-yer. 

Cauda Urjc falrt-i.t, a fixed fiar of the 3d magni¬ 
tude, at the end of the T.eflrr Bear's tail ; called aiio 
the Pole Star, and. by the Aval).,, Alrukabah ; anil 
matked « by Bayer. 

CAVETTO, a hollow member or moulding, con¬ 
taining a cjnadrant of a circle, and having an cflnd jufl 
contrary to that of a quarter round. It is ufed as an 
ornament in cornices. 

CAUSTIC Curves. See Cater a 1 /firs, and 

r- 

ctiu . 

'CAZEMATF. See Casemate. 

CA 7 .ERN. Sec Ca srex. 

CEClNl)S,nfixed ilaruf the 3d magnitude, in the 
left fhouldcr of Bootes; and marked y bv l>a\ er. 

CELERITY, is the velocity or fv.iftnefa of a body 
In motion; or that aficdlion of a bodv in motion bv 
which it can paf# over a certain fpace in a certain 
t.mc. 


CET.F.STTAL Ci.oiie, &c. See Globe, See. 

CEI.LARIIJS (Christopher), a learned geo¬ 
grapher and hifloriographer of the 17th oentury. He 
was born in 1638, at Smalealde in Franconia, where his 
father was miniftcr. Our author was fucceffively redtor 
of the colleges at Weymar, Zeits, and Merfbourg, and 
profdlbr of eloquence and hiflciv in the univerfity 
founded !>y the king of Pruliia at Hall in 1693, where 
he computed the gre u.eft part of his works. 

llis great application to lludy haftcia-d the infirr.u’- 
tiis of old age; for it has been find, he would j'r-eptl 
whole dt.ys and nights together over his hooks, with¬ 
out any attention to his health, or even < he calls of na¬ 
ture. He died in 1707, at 69 years of age. 

Cellar was author of an amazing numb;:- of books, 
upon Various fubjidtr : hu' thole on net,sort of which h ; 
ha, a place here, are his geographical w01k a, which are 
r:i f *Ilo\v : 

J. Notitis Oit/is yfctiqui, 2 vok. in 4t; and is eflecut ■ 
ed the bell work exta.it on the ancient gcogirphy. 

2. shi.’s Cult/lis ; in folio. 

3. Hijlona yintiqua, 1 vols in 12mo; being an abrklge- 
nic.t of nniverfal hiitory. 

CENTALRUS, the Ctrtaur, one of the 4fi old 
con flellat ions, being a foil them one, and is in form hall 
man and half horfe. It i-. fabled by the Greeks that i» 
was Chiron the Centaur, who was the tutor of Achilles 
and Efculapius. The ftais of this coufielhition are, 
in T’lc.lomy’s catalogue 37, in Tycho’s 4, and in the. 
Britannic catalogue, with .Sharp’s appendix, 37. 
CENTER. See Centre. 

CENTESM, the icoth part of any thing. 

CENTRAL, fomething relating to a centre. Thuj 
we fay central eclipfe, central forces, central rule, &<-. 

Central Eclipfe, is when the centres of the lumi¬ 
naries exactly coincide, and come i:i a line with f lie eye. 

Central Forms, are forces having .1 tendency di¬ 
rect] y towards or from fume point or centre ; or forces- 
wlii h cautc a moving body to tend towards, or recede 
fioni, the centre of lraiiio;:. And accordingly they ate 
divided into two kinds, in refpedt to them different re¬ 
lations to the centre, and hence are called centripetal, 
and centrifugal. 

The doctrine of central forces makes a considerable 
branch of the Newtonian philofophy, and has been 
g’-eatIv cull iv ite.i by matlieiraticians, on account of its 
exleufive life in the theory of gravity, and oth.tr phyfi- 
co-mathemat icn) ieiencLS. 

It: t liis d. nil line, it is fuppofed that matter i, equallv 
imb’licreut to in :i.)’i <■:' reft ; or ll'-.t a body at reft 
neviv moves iifeU, and that a body in mri in never of 
it fell* chans r*. either the v.io'ity or tlie direction of its 
motion ; hut that every motion would coati iue ui)i- 
font.ly, and it:, iibicii.’ji rectilinea.', unit ft, fotre exter¬ 
nal force or relifi.me.- fh.ovld affect it, or act upon it. 
Heart, when bodv at lefi always tend; to move, or 
w i cn thevilo. it'. any r,Criiinrir motion i - routimts 
adv a.etletaieii or .v'ard. ,!. 01 -..Men the uceCfoii i-f a 

motion is cunt it.ttailv ehangi d, i.iiti a c.mvi i. ,V tbfv- 

bv il. lo iheil, it i.; fuppofrd thr.i the!. 1 c’-. m; fi.mci s 
p.-iceeel from *!ie i.iflm.nee of tome p. vver l* 4 re: :r- 
ci fi.mtiy ; which power m iv b<- nie.iiii"< ,i, i 1 t!. ■ tuft 
cii". . bv the jiivfh >1 oi lii; rj r’e.ccnt body eg eeitl the 
obi’.u'V w hich p; eve'tis i: trem ntc-ing, or by t’n; ve 
I. 1 z 3 ocit y 
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loriry gained or loft in the fecond cafe, or by the flexure 
of tlie curve d fe ibed in the 3d cafe : due regarjl being 
had to the time in which tilde effects are produced, and 
other circumilaiiccs, according to the principlea of me¬ 
chanics. Now the power or force of gravity produces 
effects of each of thefe kinds, which fall under our con- 
flant obfervation near the furface of the earth ; for the 
fame power which renders bodies heavy, while they are 
at reit, accelerates their motion when they detrend 
perpendicularly ; and bends the track of the motion into 
a curve line, when they are projefied in a direction 
oblique to that of their gravity. But we can judge of 
the forces or powers that adt on the celeilial bodies by 
effedts of the lall kind only. And hence it ia, that the 
dodtrine of central forces is of fo much ufe in the theory 
of the planetary motions. 

Sir I. Newton has treated of central forces in lib. 

I fee. 2 of his Principia, and has demonflrated this fun¬ 
damental theorem of central forces, viz, that the areas 
which revolving bodies deferibe by radii drawn to an im¬ 
moveable centre, lie in the fame immoveable planes, and' 
arc proportional to the times in which they are deferib- 
ed. Prop. 1. 

It is remarked by a late eminent mathematician, that 
this law, which was originally obferved by Kepler, is 
the only general principle in the doctrine of centripetal 
forces ; but fince this law, as Newton himfelf has proved, 
cannot hold in cafes where a body has a tendency to any 
Other than one and the fame point, there feems to be 
wanting fome law that may' ferve to explain the mo¬ 
tions of the moon andfatcllitcc which gravitate towards 
two different centres: the law he lays down for this 
purpofe is, That when a body is urged by two forces 
tending conftantly to two fixed points, it will deferibe, 
by lines drawn from the two fixed points, equal folids 
in equal times, about the line joining thofe fixed points. 
See Machin, on the I.aws of the Moon’s Motion, in 
the Poitfcript. Sec alfo a demouflration of this law 
by' Mr. William Jones, in the Pliilof. Tranf. voL 59. 
Very learned tracts have alfo been fince given, when the 
motion refpedts, not two only, but feveral centres, by 
many ingenious authors, and practical rules deduced 
from them for computing the places See of planets and 
fatellites ; as by La Grange, De la Place, Waring, &c, 
&c. See Berlin Memoirs; thofe of the Academy of 
Sciences at Paris ; and the Pliilof. Tranf. of London. 

M. l)e Moivre gave elegant general theorems relat¬ 
ing to central forces, in the Pliilof. Tranf. and in his 
Mifcel. Analvt. pa. 231.—Let MPQ^be any given 
curve, in which a body moves: let P be the place of 
the body at any time; S the centre of force, or the 
point to which the central force acting on the body is 
always dircdled; PG the radius of curvature at the 
point P; and ST perpendicular to the tangent PT; 
then will the centripetal force be everywhere propor¬ 
tional to the quantity Qp ' x sqV ut f ll P ra * 



M. Varignon has alfo given two general theorem* 
on this fubjvft in the Memoirs of the Acad. ait. 1700, 
17c 1 ; and has (hewn their application to the motions 
of the planets. See alfo the lame Memoirs, au. 1 706, 
171°. 

Mr. MacLaurin has alfo treated the fubjedt of'cen¬ 
tral forces very ably and fully, in his iTeatifc on 
Fluxions, art. 416 to 493 ; where he gives a great va¬ 
riety of expreflions for thefe forces, and icveral elegant 
methods of inveiligating them. 

J.atus of Cf.ntk.ai. Foroks. 

1. The following is a very clear and r.omprehcnfive 
rule, for which we arc obliged to the marquis de l’ilo- 
pital; SuppolV a body of any determinate weight to 
revolve uniformly about a centre, with any given velo¬ 
city ; find from what height it r.iuft have fallen, by the 
force of gravity, to acquire that velocity ; then, as the 
radius of the circle it delcribcs is to double that height, 
fo is its weight to its centrifugal force. So that, if l> 
be the body, or its weight or quantity of matter, v its 
velocity, and /• the radius of the circle defoibed, alio 

1 '^ 

g =r i6,t feet; then, firfl. 4^* : u* :: g : - the 

. *ii? 

height due to the velocity' v ; and as 

r ; —— :: b : — f the centrifugal force. And 

hence, if the ocntiifugal force he equal to the gravity, 
the velocity is equal to that acquired by falling through 
half the radius. 

2. 'Flic central force of a body moving in the peri¬ 
phery of a circle, is as the vei led line AM of the inde¬ 
finitely finall arc AE; or it is as the figure of that 
arc AE diredtly, and as the diameter A 13 inverfily. 
For AM is the fpacc through which the body is drawn 
from the tangent in the given time, and 2AM is the 
proper meafurc of the central force. But, AK being 
very final], and therefore neatly equal to its elioid, by 
the nature of the circle 

Ai’> 

AB : AE :; AE : Aid = -~- 



3. If two bodies revolve uniformly in diffeient err- 
eles; their central forces are in the duplicate ratio of 
their velocities diredtly, and the diametus or radii of 
the circles inverfely; 

. V 1 •w* V* t>* 

that is F ; /:: rrr : -7- : : -5- : — 

J D J R r 

For tnc force, by the laft article, ia as 
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or } and the velocity v Is as the fpace AE 
An JJ 

uniformly deferibed. 

4. And hence-, if the radii or diameters be reciprocally 
in the duplicate ratio of the velocities, the central forces 
will be reciprocally in the duplicate ratio of the radii, or 
direftly as the 4 in power of the velocities ; that is, if 
V* : 7>* :: r : R, then F : f :: r* : R* :: V 4 : u 4 . 

5. The central forces arc as the diameters of the 
circles dircftly, and fquares of the periodic times inverfe- 
ly. For if c be the circumference deferibed in the time 
/, with the velocity v ; then the fpace c — tv, or 

c 

v — —; hence, ufing this value of v in the 3d rule, 
it becomes 
F : / :: 


C’ 


c- 

dt* 


D 

"T* 


R r r 

Y* : ~F ‘> fmce 


1)1- 4 ' di x T* r- 
the diameter is as the circumference. 

6. If two bodies, revolving in different circles, be 
afted on by the fame central force ; the periodic times 
are in the fubduplieate ratio of the diameters or radii 

of the circles ; for when F = /, then ^rr = , and 

D : J :: 'J' 1 : /*, or T : t : : \S~D : K /d :: y'R : yV. 

7. If the velocities be reciprocally as the diftances 
from the centre, the central forces will be reciprocally 
as the cubes of the fame dillances, or direilly as the 
cubes of the velocities. That is, if V : v :: r : R, 
then is F :f : : r 3 : II 3 :: V 3 : v*. 

8. If the velocities be reciplocally in the fubdupli- 
cate ratio of the central dt (lances, the fquares of the 
times will be as the cubes of the diltances: for if 
V 1 : u 1 :: r : R, then is T 1 : t l :: R 3 : r 3 . 

9. Wherefore, if the forces be reciprocally as the 

fquares of the central dillances, the fquares of the pe¬ 
riodic times will he as the cubes of the dillances ; or 
when F: : i ~ : R l , then is T* it 1 :: lv 3 : r 3 . 

Exam. From this, and fome of the foregoing theo¬ 
rems, may he deduced the velocity and periodic time 
of a body revolving in a circle, at any given d I (lance 
from the earth’s centre, by means of its own gravity. 
Future feet, the fpace deferibed by gravity, at 

the furface, in the lull feeond of time, viz = AM in 
the foregoing fig. and by rule 2 ; then, putting r = the 

radius AC; it is AF< = v^AUxAM = the 

velocity in a circle at its furface, in one feeond ol time; 
aud hence, putting c = 3-14159 &c, tlu circumference 
of ihccaith being 2cr — 25,000 miles, or 132,000,000 

; c v/ — — 5078 fe- 
S . 

conds neaily, or i h 2^ m 38', the periodic tune at t oe 

circumference : Alfo the velocity there, or y/2gr is 
= 2C1GOO feet per fecund neatly. Then, iiuce the 
force of gravity varies in the inverfe duplicate ratio of 
the diftance, by rules 8 and y, it is ^/1<_; ; ; v or 

26000 : 26000^/" — V the velocity of a body re¬ 
volving about the earth at the diftance R ; and -Jr 3 s 

R 3 

: : t or 5078"; 507R y/ — — T the time of re¬ 
volution in the fame. So if, for in fiance, it be the moon 


feet, it will be y/2gr ; zer : : I* 


2 7 ‘** __ ... 

- - ij, 


revolving about the earth at the diftance of 60 femi- 
diameters; then R = 6or, and the above expreffions 
become V = 26000^/^ = 3357 feet per feeond, or 
387 miles per minute, for the velocity of the moon in 

Rs 

her orbit; and T = 5078 y''— = 2360051 feconds 

or 27, 3 t- days nearly, for the periodic time of the moon 
in her orbit at that diftance. 

Thus alfo the ratio of the forces of gravitation of 
the moon towards the fun and earth may be eftimated. 
For, 1 year or 365, days being the periodic time of 
the earth and moon about theTun, and 27, 3 0 days the pe¬ 
riodic time of the moon about the earth, alfo 60 being 
the diftance of the moon from the earth, and 23920 
the diftance from the fuu, iu femidiameters of the 
earth, hy ait. 5 it is 
f)Q 2 39*0 2 39 Q2 

_ - _ • • / w* 2 • r, . 

27*3* : 305*25* Oo 365*25 

that is, the proportion of the moon’s gravitation to¬ 
wards the fuu, is to that towards the earth, as 2$ to 1 
nearly. 

Again, we may hence compute the centrifugal force 
of a body at the equator, ariiiug from the earth’s rota¬ 
tion. For, the periodic time when the centrifugal 
force is equal to the force of gravity, it has been (hewn 
above, is 5078 feconds, and 23 hours, 56 minutes, or 
86160 feconds, is the period ot the earth’s rotation on 
its axis; therefore, by art. 5, as 86160* : 507S 1 : : l 
; 5,Jtr» the centrifugal force required, which therefore 
is the 289th part of gravity at the earth's furface. 
Simpfon’s Flux. pa. 240, &c. 

Alfo for another example, fuppofe A to be a ball of 

1 ounce, which is whirled about the centre C, fo as to 
dclerihe the circle ABE, each revolution being made iu 
lmll a feeond ; and the length of the coid AC equal to 

2 feet. Here then / = *, r = 2, and it basing beea 

2 R 

found above that :y/ — = T is the periodic time at 

.? 

the circumference of the earth when the centrifugal force 
is equal to gravity ; hence then, by art. 5, as 

— : : For 1 :/, which proportion becomes 

f : = : . : = '1* fltl* = j,8,„ 

2 ,'* t 1 £t~ g 16 ,'t _ ' 

= the centrifugal force, or that by which the firing 
is ftretched, viz, nearly 10 ounces, or ic times the 
weight of the ball. 

Daftly, fuppofe the firing and ball be fufpended fron. 
a point D, and dtferihes in ns motion a conical furface 
ADB ; then putting DC AC = r, and AD r: h ; 
and putting F = 1 the io'ce ot gravity as before ; the:- 
will the body A be atfedted by tlnec forces, viz, gravity 
ailing parallel to DC, a centrifugal force in the diicftiou 
CA, and the tendon of the firing, or force by which 
it is ftietchcd, in the direction D/V ; hence theft three 
powers will be as the three fidi-s of the triangle ADC 
refpediivcly, and therefore a» CD or a : AD or : i : 

- the teufion of the firing as compared with the weight 


of the body. Alfo AC or a : AC orr ; : i 




the 


general expreffion fot the centrifugal force above-found; 

lieuet 
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hence, gP— and fo t~c^~ as x’loSy'fl = the 
periodic time. And 


T> 



10. When the force hv which a body is urged to- 
watds a point is not always the fame, but is either in- 
crcafed or deereafed as fome power of the diflancc; 
feveral curves will thence arife according to that power. 
If the force decrcafe as the fquares of the diilances 
inereafe, the body will deferibe an cllipfis, and the 
force is directed towards one of its foci; fo tliat in cveiy 
revolution the body once approaches towatds it, and 
once recedes from it: alfo the eccentricity of the el- 
lipfe is greater or lefs, according to the projertile force; 
and the curve may fometimes become a circle, when the 
eccentricity is nothing ; the body may alfo deferibe the 
other two conic feflions, the parabola and liypcibola, 
which do not return into tbcmfelvcs, by fuppofing the 
velocity greater in certain proportions. All’o it the torce 
increafe in the fimple ratio as the diflnuce increafes, the 
body will fiill deferibe an ellipfc; but the force will in 
this cafe be directed to the centre of the ellipfc : and 
the body, in each revolution, will twice approach to¬ 
wards it, and again twice recede from that point. 

Cfntkal Kite, is a rul< or method diieoveied In- 
Mr. Thomas linker, rector ofNymproii in Dcvonflrre, 
which he puMilhed in his (.Geometrical Key, in I lit- year 
16^4, for determining the ct litre of a circle which fnall 
rut a given parabola in as many points as a given equa¬ 
tion, to he conllrurtcd, has real roots ; which he has 
applied with good fuccels in the conflruttion of all equa¬ 
tions as far as the 4th power iiiclufivc. 

The Central Rule is eliie/lv founded on this property 
of the parabola ; that if a line be inferibed in t he eutvc 
perpendicular to any diameter, the rertanglc of the 
feginents of this lint, is equal to the rertanglc of the 
intercepted pait of the diameter and the parameter of 
the axis. 

The Central Rule has the advantage over the methods 
of conflrufling equations by lies Cartes and lleL.Uteres, 
which ate liable to the trouble of prtpaiing the equa¬ 
tions by taking away the fecund term : wlierea- Baker’s 
method effects ill-- fame thing without any pr-viotts pre¬ 
paration whatever. See alto I’hilof. Trank try. 

CENTRE, or Center, in a geneml frnfc, fignifics 
a point equally remote from the extremes of a line, 
plane, or foiid ; or a middle point dividing them fo that 
fome certain cfTcrts ate equal on all fides of it. 

Centre cf Attratlion, or Gravitation, is the point to 
which bodies tend by gravity; or that point to which 


a revolving planet or comet is impelled or attrafted, bjr 
the force or impetus of gravity. 

Centre of a Bajlion, is a point in the middle of 
the gorge, where the capital line commences, and which 
is ufually at the angle of the inner polygon of the 
figure. Oi it is the point where the two adjacent cur¬ 
tains produced interfort each other. 

Centre cf a Circle , is the point in the middle of a 
citvk, or circular figure, from which all lines drawn to 
the circumference are equal. 

Centre cf a Cnuir S B.on, is the middle point of any 
diameter, or the point in which all the diameters inter- 
fert andbifert one another. 

In the ellipfc the centre is within the figure; hut in ■ 
the hypeibolu it ir, without, or betw en the conjugate 
h, pt-iludas ; and in the parabola it is at an infinite dif- 
tunc< from the vertex. 

CiNTFF of Coni’ -fen. in Mechanics, a term firft 
tifed by i\T. Parent, and may be thus connived: Sup- 
pofe a flick laid on llagnant water, and then drawn by 
a thread fuflcncdto it, fo that the thread always makes 
tht fame angle with tlir flick, either a right angle or 
any other; then it will he found that the Rick will turn 
about one point of it, which will be Immoveable ; and 
this point is termed the centre of converiion. 

Tin's efFt-rt anfes from the tcliftancr of the fluid to 
the flick partly imincsii.d in it. Atnl if, in (lead of the 
body thus floating on a fluid, the fame be conceived to 
be laid on tin- furfaee of another body; then the rc- 
liflanee of this pi.*-,c to '.In: flick, will always have the 
fame effect, and will determine the fame centre ofecn- 
vevlii.n. And tins ieli:;;.n v is ; re -iicly wL.t is called 
friction, fo prejudicial to the tfvfts of machine.;. 

M. Parent has d; t-.-rmiiKU t!ii: centre in fome ct rtain 
raft;., with much Ldt-'iia: cr.kidatioii. When the 
thiead is (aliened to tile e> tie nuty of the Rick, he 
foundtli.it the dd’.nnv i.f the ceir.ir fi, m tills extre¬ 
mity would be nearly ! \ of the whole length. Hut 
when it is a furfaee or a foil’d, there will be (dine change 
in the place of this renne, according to the nature of 
the figure. See Mem. o! the A cud. of Sciences, vol. 1, 
pa. 191. 

Cl n it . f of ,7 Cum, df the b : ,.diei kind, is the point 
where two diamefeis meet.—When all the diameters 
mett in the fam- point, it is called, by Sir I fine New¬ 
ton, the genera! centre. 

Ci n Tii t if a iJiiil, i.; the point where its gnomon or 
Rile, which is placid parallel to lilt- axis of the earth, 
meets the plane of the dial ; and fiom hence all the 
hour-lines are drawn, in inch dials as have «.entic», viz, 
all except that whole plane i.. parallel to the axis of the 
world ; all the hour-lines of whic h aic parallel to the 
(die, mid to one another, the centre being as it were at 
an infinite diflancc. 

Centre of an J'lli/fr, is t lie middle of any diameter, 
or the point where all the diamrt.rs intcifeci. 

Centre of the l.'juant, in the ('Id Allrnnomv, is a 
point in the I nc of the aphelion ; being as far diRant 
from the centre of the eccentric, towaicls the aphelion, 
as 1 he fun is f om the fame centre of the eccentric to¬ 
wards the perihelion. 

Centre of l'f/vi/i!riinn, is the fame with rcfpct't to 
bodies imrnerfed m 3 fluid, as the centre of gravity is 
to bodies in free fpace ; being a certain point, m.nn 

■which 
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which if the body or bodies be fufpcndcd, they will reft 
in any pofition. To determine this centre, fee Einmcr- 
fon’s Mechanics, prop. 92, pa. 174. 

Centre of FriHion, is that point in the bafe of a 
body on which it revolves, into which if the whole fur- 
face of ihe bafe, and the mafs oi the body were collected, 
and made to revolve about the centre of the bafe of the 
given body, the angular velocity deltroycd by its fric¬ 
tion would be equal to the angular velocity deilroyed 
in the given body by its irifliuii in the fame time.—See 
Vince on the Motion of Bodies afterh-d by fridtiuii, in 
the Philof. Trauf. 1785. 

Centre of Gravity, is that point about, which all 
the parts of a body do in any fitu.iUun exactly balanee 
each other. Hence, by means of this property, if the 
body be fupported or fufpcndcd by this point, the body 
will reft in any pulilion into which it is put; as alfo 
that if a plane pals through the fame point, the fcg- 
inei.ts on each fide will equiponderate, iichiier of them 
being able to move the other. 

The whole gravity, or the whole matter, of a body 
may be conceived united in the centre of gravity; and 
in demoiillrations it is ufual to conceive till the matter 
as really collected in that point. 

Through the centre of gravity paTTc. a right line, 
called the ammeter of yr.reity ; and thctcfuic the intcr- 
fertion of two Inch diamclirs determines the centre. 
Alfo tire plane upon which the centre of gravity is 
placed, is called the plane of gravity ; lo that the com¬ 
mon iiiterfectiou of two fuch planes determines the di¬ 
ameter of gravity. 

In hotnogeneat bodies, which tmv be divided length- 

. ' n 

way. i! tu I’l.nilar and equal parts, the centre uf gravity 
is tire lame with the centre of magnitude. Hence 
tin.'!'-foie the centre ot gravity ot a line is 111 the middle 
point of it, or tl-u point which hi foils the line. Alio 
the e. litre of gravity ol a parallelogram, or cylinder, 
01 any priftn whai -ver, is in the middle point of the 
axis. Ami the centre ot gravity of a circle or any 
regular figure, !'• t!ie lame as the centre of magnitude. 

.‘Vito, it a line can be lo drawn as to divide a plane 
intn equal and iimd.ir p.u! , that line will In a da meter 
oi gravity, or will pals through the centre of gravity; 
and it is the l’anre as the axis of the plane. Tims the 
Tine drawn from the vertex and perpendicular to the 
bafe of the iioiudcs triangle, is a diameter of gravity ; 
and thus ;dio the axis of an tllipfe, or a parabola, d:c, 
is a (haunter id gravity. The cv litre of gravity of a 
fegment or arc o; .1 circle, it it. tlt&f tJius or line per¬ 
pendicularly brhi.i'pg i's elii’rd or bale. 

Likewife, if a phui.: divide a lolid in the fame mariner, 
making tic* parts on both filler. of it perfectly equal and 
frrr.il ir in all rcfpec.ts, it will he a plane of gravity, or 
will pais through tut centre of gravity. Tims, as the 
interfedtion < i two fuch planes determines the diameter 
of gravity, tire centre of gravity of a right cone, or 
fpherical fegment, or conoid, &c, will be in the axis of 
the fame. 

Common Centre of Gravity of two or more bodies, or 
the different parts of the fame body, is fuch a point as 
that, if it be fufpended or fupported, the fyflem of bo¬ 
dies will equiponderate,and reft i:i any pofition. Thus, 
the point of lufpenfion in a common balance beam, or 
ficctyard, is the centre of gravity of the fame. 


Laws and Determination of the Centre of Gravity, 

t. In two equal bodies, or maffes, the centre of gra¬ 
vity is equally difhmt from their two refpediivc centres. 
For thefe are as two equal weights fufpended at equal 
diltances from the point of fufpciilion ; in which cale 
they will equiponderate, and reft in any pofition. 



2. If the centres of gravity of two bodies A and B 
be connected by the light line AB, the dilhiticea AC 
and BC from the common centre of gravity C, are re- 
cipiotnlly as the weights or bodies A and B; that is, 
AC : BC : : B : A. 

See this dctnonllraUil under the article Balance. 

Hence, if the weights of the bodies A and li be 
equal, their common centr e of gravity C will be in the 
middle of the right line AB, a.-, in the foregoing arti¬ 
cle. Alio fitice A : B : : l’C : AC, therefore A x AC 
== B >; BC ; whence it appears that the powers of 
equiponderating bodies are to be eflimated by the pro¬ 
duct of the mat’s multiplied by the diilauce from the 
centre of gravity j which product is ufually called the 
momentum of the weights. 

Further, from the foregoing proportion, byeompufi- 
tion it will be A + B : A : : AB : BC, or A + 
B : B ; : AB : AC. fa>> that the common centie ot 
gravity C of two bodies will be found, if the product 
of one weight by the whole diftance between the two, 
be divided by the fum of the two weights. Suppufs, 
for example, that A 12 pounds, B = 4IL', and 
AB — 36 inches; then id : 12 : : 36 ; 27 ~ BC, 
and confcqucntly AC = y, the two diltanccs from the 
common centre of gravity. , 


-&■ 
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or more 


3 . The Coinin'?.'! Centre of Gravity if /hr, 
y-ven i hires or pan;s A, B, C, D, &c, will be thus de¬ 
termined.— It the given bodies lie all in the fame ftraiglit 
line AU ; by the hill article, find P the centre ot gra¬ 
vity of the two A and B, and Qjhe centre ot gravity 
of C and 1) ; then, conlideiing i’ as the place ot a 
body equal to the fum of A aud B, and Qjrs the place 
of another body equal to both C and In, find b the 
common cent to of gravity of thefe two fums, viz A ■+• B 
rollcCti d in B, and C + 1) united in (^j fo ilrall S be 
the common centre of gravity of all the four bodies A, 
B, C, D. And the fame for any other number ol 
bodies, always conftdering the fum of any number oi 
them as united or placed in their common centre uf 
gravity, when found. 

Qthirivtjc, thus. Take the diftances of the given 
bodies from fome fixed point as V, calling tire diftance 
VA = «, VB = h, VC — r, VD = d, and the dif- 
taucc of the centre of gravity VS ~.v; then SA — 
x—a, SB = x—h, SC = c— .r, SD = d—x, atrd 

by the nature of the lever A* a— a + B’x — b — 
Cv — x ar; hence Aw + Bx-fCw-f Dw=Art-t- 

0 / V ,rw 1 Art -f Bi 4- Ce -t- IV/ t , 

im-C. + D^,imd.r^ A +li+ c + 0 = '!> 

the diftance fought; which therefore is equal to the 

torn 
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fni' of all the momenta, divided by the fum of all the 
vcght* or bodies. 



Or thus. When the bodies are not In the fame ftraight 
line, connect them with the lines All, CD ; then, as 
before, find l* the common centre of A and B, and 
O the common centre of C and D; then, conceiving 
A and B united in P, and C andD united in Q, find S 
the common centre of P and Q_, which will again he 
the centre of gravity of the whole. 

Or the bodies may be all .educed to any line V, IP, 
&c, drawn in any direction whatever, by perpendiculars 
3177 , C C, See, and then the common centre 7 ? in this 
ine, found as before, will be at tbc fame diftance from 
V as the true centre S is ; and confequcntly the perpen¬ 
dicular from 5 will pafs through S the real centre. 

4. From the foregoing general exprefiion, viz, 

A n + Hb + CV 4- &c , f 

x = — ■■■ --—--—, for the centre of 

A + 11 + C 4 - _ c vC 

gravity of any fyftem of bodies, may be derived a ge¬ 
neral method for finding that centre ; for A, 11 , C, Sic, 
may be confidered as the elementary parts of any body, 
wbofe fum or mafs is M = A 4- B 4- C Ac, and Aa, 
Hb,Ce, Sec, arc the feveral momenta of all tliefc parts, 
viz, the prodnft of each part multiplied by its diilance 
from the fixed point V. Hence then, in any body, find 
a general exprefiion for the fum of the momenta, and 
divide it l>y the content of the body, fo fhnll the quo¬ 
tient be the diftance of the centre of gravity from the 
vertex, or from any other fixed point, from which the 
momenta are eflimated. 

A- ' c -B 


"i 1 V the n , f ill tbc weight 8, which multiplad 
by its •!!'' :.\>m the point A, gives b.\x fo^wic 

fluxion v. d. i'r- nnmenta, and confequcntly the fluajit 
iix 7 if the hi- .all thqfe motnent.i themfelves; whwV 
being divi !e. by l>x the fum of all the weights, give* 
*.»• * A 11 i. r the diftance of the centre C from tbc 

extremity at A, and is therefore in the middle of the 
axis, as is known from other principles. 

And the proccfs and conclufion will be exaSly the 
lit me for a cylinder, or any priftn whatever, making i 
to denote the area of the end or of a tranfvcrfc feiStiuu 
oi tiie body. 



7. In a Triangle ABC ; the line AD drawn fro;* 
one angle 10 hifeft the oppofite tide, will be a diametci 
of giavily, or will pals through the centre of gravity; 
for if that hue he fuppnited, or conceived to he laid 
Ujion t’ne edge of fomething, the two halves of the tri¬ 
angle on both flues of that line will jult balance one 
another, iinee all the parallels EF Ac to tin- bafe will 
be bifedUd, a.; well as the bafe itlelf, and fo the two 
halves of each lint will jufi balance each other. There¬ 
fore, putting the bafe CC = b, and the axis or Infecting 
line AD =. n, the variable part AS r.x ,v ; thin, by 
fimilar triangles AD : tiC :: AS ; EF, that ism : 

i : : x : A — EF ; which, as a weight, multiplied by 

.v, gives ~ for the fluxion of the weights ; and this 

again multiplied by x — AS, the diftance from A, gives 
bx z x 

-for the fluxion of the momenta; the fluent of 

a 


5. Thus, in a right line AB, all the particles which 
eompofe it may be confidered as fo many «ry finall 
weights, each equal to x, which is therefore the finxion 
of the weights, or of the line denoted by x. So that the 
finall weight x multiplied by its difiance from A, viz .v, 
is xx the momentum of that weight x ; that is, xx is 
the fluxion of all the momenta in the line AB or .v ; 
and therefore its fluent J-v 1 is the fum of all tliofe mo¬ 
menta ; which being divided by x the fum of all the 
weights, gives \x or JAB for the diftanee of the 
centre of gravity C from the point A ; that is, the 
centre is in the middle of the line. 


A 


et T> 



e F, 


Ir. Alfo in the parallelogram , whofe axis or length 
AB = x, and its breadth OE = b ; drawing rlr paral¬ 
lel and indefinitely near DE, the areola JDEr = lx 


/,.,3 . , / 

which, or— divided by— the fluent f.»r the weiVIits. 
t,a a h 


gives }.r -e | AS for the- i.i.nre of lb- e-ntre of 
gravity from the vertex A in the triangle A LF ; and 
when x — AD, then .AD is the d itancc of the centre 
of gravity of the triangle A St.'. 

The Sim: Oiherti'ife, witijr.ut Iinxiruj .—Since aline 
drawn from any angle to the tin h:.e of the oppofite 
fide pafTcs through the centre of g wily, theretore the 
bitcrfcfWon of any two of Inch hues, will be that 
centre; thus then the centre of ;;r ity is in the line 
AD ; and it is a’.fo in the line CG L> ’.cling AB ; it is 
therefore in their interfedlion S. Ko.v to determine 
the diftanee of S from any angle, as A, produce CG 
to meet BH parallel to AS in i 1 ; then the two tri¬ 
angles AGS, EGH are mutually equal and fimilar ; for 
the oppofite angles at G are equal, n>. ate the alternate 
angles at H and S, and at A and I , alio the fide AG = 
BG ; therefore the other filler, Bll, AS are equal. 
But the triangles CDS, C. tl nrc iunilar, and the fide 
CB = 2 CD, therefore BII or i s equal AS = 2DS, 
that is AS = *AD, the fame as was found before. 
Ar.d in like manner C 5 =r * CG. 


8. Ia 
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8. In a Trapezium. Divide the figure Into two tri-_ 
angles by the diagonal AC, and find the centres of 
gratify E and I' of thefe twangles; join EE, and find 
ths'eoinmon centre G of thefe two by this proportion, 
A'fiC : ADC :: 1 G : EG, or A LCD: ADC : : EE : 
EG. 

In like manner, for any other figure, whatever be the 
number of tides, divide it into fevcral tiiangles, and 
find the centre of gravity of each ; then conucdt two 
centres together, and find tlieir common cent re as above ; 
then comu ft this and the ccntfe of a third, and find 
the common centre ot thefe ; and fo on, always connect¬ 
ing tlie lull found common centre to another cent re, 
till the whole are included in this proccfs ; fo fiiall the 
lull common centre be that which is required. 


/ ‘ 

/ v \ 

/ V N 

A v. 



y. In ire Par.ib'ji.i LAC. Tut AD ~= x, BD —. _y, 
and the parameter = />. Then, by the nature of the 
figure, /.v = y*» and 2y ~ hence zx^/px 

tin- fluxion of the weights, and 2.v.i px is the fluxion 
oi the momenta; then the fluent of the latter divided 

s . . 

by that of the former, or t-v 1 %// divided by t* 1 *// 1 , 
eivts '.v “ -■ AD, for AG, the diftance of the centre 
gravity G Irom the vertex A ol the paiabola. 


. / I 


1 


i , 

-• \ 
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iv 


TO. In tk-Cue::Lr Are ADD, confidcred as a phy- 
fieal line having gra\ ity. It is inanifell that the centre 
of giavity G of the are, will be fomewhere in the axis, 
or middle radius BC, C being the cuitre of the circle, 
which is confidcred as the point of fufpenfion. Sup- 
pofe I' indifinitely near to A, and I‘H parallel to BC. 
I*ut the radius BC 01 AC — r, the femiarc AB = 
and the feinicliord AE x ; then is AH — -v, and 
AE = * the fluxion of the weights, and thueforc 
CE X £ is the fluxion of the momenta. But, by fi- 
milar triangles, AC or r : CE : : AE or t : All or A", 
therefore ra = CE X s, and fo r.v is alio the fluxion ol 
the momenta ; the fluent of which is r.v, and this di- 

rx AC x AE 

vided by s the weight, 

AC X AF.D 


AB 


ABD' 


' = CG the dillance of the centre of gra- 


vity from the centre C of the circle ; being a 4th pro¬ 
portional to the given arc, its chord, and the radius of 
the circle. 

VOL. I. 


Hence, when the arc becomes the femicircle ABIC, 

IC* r* r 

the above expreflion becomes —— or—— -r. 

IB i-jyo8r 1-5708 

= -fijfifir, viz a third proportional to a quadrant and 
the radius. 

it. In the Circular Seller ABDC. Here alfo the 
centic of gravity will be in the axis or middle radius 
BC. Now with any fmallcr radius deferibe the con¬ 
centric are LMN, and put the radius AC or BC = r, 
the arc ABD = a, its chord AED = c, and the vari¬ 
able radius CL or CM — y ; then as r ; y : : a : 

— the arc LMN, and» : y :: c : — 3= the chord 
r r 

LON; alfo, by the kill article, the diftance of the 

r ■ r 1 r ov, ■ CM X LON _ 

centre of gravity ot tlie arc LMN is — MN ' " — 

CM x AED ry ay . . 

--—-- =—; hence the arc LMN or — multi- 

ABD a r 

fly ]f , 

plied by y gives — the fluxion of the weights, and this 

multipliedby — the diftance of the common centre of 
a 

gravity, gives -— the fluxion of the momenta ; the 

fluent of which, viz -—, divided bythe fluent of 
3 '' 2r 

the weights, gives — for the diftance of the centre of 

’ y* 

gravity of the feclor CLEN from the centre C ; and 

when y r, it becomes — CG for that of the 
J 3 a 

feci or CABD propofed ; being y of a 4th proportional 
to the arc of the lcdlor, its chord, and the radius of 
the circle. 

Eleiicc, when the fedlor becomes a femicircle, the laft 

„ , HC 2 5 r 1 

expreflion becomes - y y y - or 3 ot a 3d propor¬ 

tional to a quadianlai are and the radius. Or it is equal 
to — = *4244r from the centre C; where/= 3*1416. 

St 


I) 



I) 



1:. In the Cone ADB. Putting a — DC, h = area 
of the bttfc AEB, and v = Dr any variable altitude j 
bx % 

then as <1* : a* : : 4 ; —-7- — area acb ; hence the flux- 
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, whofe fluent, or the folid, is 
whofe 


1 


fon of the weights is 

«• 

L ■ J 1 3 ,v 

— ; and the fluxion of the momtnts is-, 

u L 

, bx A , . 

fluent is ■—; then this fluent divided hy the former 
4 '* _ 

fluent gives fv or ?IV for the diilnnce of the centre of 
jfi;ivit y of the cone D.//>, or for that ot the cone 

1 )A I’, below the vertex 1 ). 

And the fame is the diltnnrr in any other pyramid. 
So that all pyiamids of the lame altitude, have the lame 
Centre of gravity. 

I 3. In like manner are we to proceed for the centre 
of giavitv in other bodies. Tims, the altitude <■( the 
fegment of a fphere, or fpheroid, or conoid, being x, </ 
biii-g the whole of tint axis itlilf; tin n t'ue diihn.ri of 
the eer.tu* of gravity in each of tliele bodies, from the 
vertex, will he a: -follows, u/., 

'f -— x in tlic fphere or fjiheroid, 
ba — 4 ' 

: feir.'fjiliere or fcmiiplieroid, 
parabolic eonoid, 

-.v in the hyperbolic conoid. 


•*.r ill the 
a«'/ - 


t)./ 

U- 


H- i-V 
-7 


rttt'wi ’ /'v Cf.i'ir r.f (rry ::i er r /> • 'V 
7 b f . Hy. Lay th<-b d on the edge of any thing, 

as a triangular pi iim, or l ieii hkr, moving; il b.icl a.aid 
and forwaid till the parti on both tides are in ••ijmhhi io ; 
then is that line juti in, or under tiie cei.tie ol grav tv. 
jLlu.ce it again in another p-hition. to find a .other hue 
palling through the centre o! gra.’itv; then the i.iter- 
jcAl.iii of th_fe two lilies will give me place ol that 
Ci litre kj-lf. 

The fame may lie done by laying th» body on an l.o- 


ri'/otital table, as near the ei 




i.Ifible v. ithotil its 


falling, and that in two pufitions, aa lengtiivviie and 

k ft loll of the two 


Jiiii-j cmili- uous to the 


lie ids 


ill lie it-, cent re ol «■ra- 


vitv. Or it may be doi.e hv placing me body on the 
point of fuh, kc, t’li 'l re 11 in cq Com). It ii.i, by 
>his ui.t.'iod th.lt I’.'.relli found that the centre ol gia- 
r'tv ill ; human bra!’-, is hittneii Ike nates and ] l ie . ; 
fo that the whole ; rarity <>i th bn 1 ; it cok-.-i.tr,! in’ > 
the geminl- ; a:, inllai.ce ol the v hl-.m 
in pkiilag 1 he i’• myrmn v ■ : ;h m t!ie pc 
which •' the moit cri-ncm.-iii !■ r e.’pu.a: c u. 

Ji-; : Ki-: o z : 1 1 L.n lot rp hv a 

ver m-.. I a. lie in-'i.t, will 


me pie-.e oi 

,t. . . 


n a plumb hue loo 


: < i-ni 11- 

’.V 


I a i a I ; 

pufs through i in- centre of ,; V > *' 'me'i 
will alv’/.ys deleeiid to the lowtil pomt nil ’I” boil'' 
conies to tell, winch it i.mnot do e-e pt wl.’i it 
falls in the plumb line. Thti'lu;-., n. • k.eg t h-it 1 ue 
XiuoTi i’, and f.ifjH ii-lii g t he t»nl) by a’njtln i ; n nt, i.a 
t o plummet, to find another !. e|, hue, tiie mtitlcetioil 
of the two w ill give the ceutieot grur y. 

thus. D ug the h dv 1 y l,.o iiii'c." fmm the 
fame rack, but fixed to ddieiiut pou k ot t .e In dy ; 
then a plummet, hang by the latm i:itk, Ailliah on the 
Cent re nf gravity. 

JJie 4th vi'lume of the New AAs of the Academy 
•f Peterlbiirgh, i3 the ikmonltration ot a very general 
theorem concerning cenlits ol gmvity, by M. Lhuilier; 


a pr.ttiei.br example only of the general propofition» 
will he as follows : Let A, B, C.be the centres of gra¬ 
vity of tlnee bodies ; n, />, c their refpedlive mafles, and 
their common centre of gravity. Let right lines 
QV\, QJ’>, QL’, be diawu from the common centre to 
that of each body, and the latter be connected by right 
hues All, At", and 1 KJ ; then 

QA* x a + t^JL X b + QC* X c = 

ah . . ... OC . be 


AB*x- 


-(-AC* x 


+ DC* x 


«/ *}- 1 > c a -f- h * 4 ' C u -f- b -j- c 

l”j‘<i the Centre nf Gravity. T his point is of the 
great ill uli in mn luim-s, and many important concerns 
in lire, beeaufe the place of that et-ntre is to be con- 
li.l-.veii as the plate of the body iilelt in computing me- 
cl ari'iid ilieCL. ; as in tin- o! liiji.e piefltiri:. of liodievt 
b.mhs ,,i earth, urehc:. ol In i.’-g, s, and lueli like. 

'1 he Lme eelltie is evi n u.l'elt.l in finding the fuperfi- 
cial and ii.lid cont; nti. ot bodi. s; for it is a gi neral 
rule, that tht lupi i lii u i. or f. did generated b\ tin' lota- 
tiwii oi a hue or plane ..bout anv . xis, is alvv a\equal to 
tiie product of tin ia d Ian or j.kiue drawn into tin- cir- 
cmi.iei cnee or pall, di.ei.btii bv the centre ol giav.tv, 
forex itnple, if w.is i'. 'imd abon ,u ,ut li, that in u U mi— 
tucle, tii. iliil.-.iu e ,1 thi ctnt'cm giavitv tu.m tiie ct li¬ 
tre ol the t ilth , is — ; and then lore the path of that 
a/’ 

centre, or circim.feieiice iltlet uiv: l.v it vvhilil the f mi- 
til'd revolves aim l u:. than.v'ei, is *r ; ailo t he area of 
tin h m.eiiele is ip/ ; ; lunceth-- j.roiiuet ol tin two is 
■*, vi hii h, it is w . li I'.iio'.vn, is < rpi.d lo 1 lie lohd.t v of 
the Ipheic generated hv tiie uvolution ol Lnt iemiui- 
eb. 

And hence alfo is r.?.«r.ifin-i 1 awT cr method of find- 


ill;. 

; lie-* 

!ien:;i! ieai! V the 

iv'ilr. of 

ravity of a line or 

p!.; 

lie, f. 

mil 

the eonti -its 

oi the i i .;ji i 

lieu or foiiil gi in- 

rut 

' d bv 

it. 

I'm li l! (. : 

: -.m r,,'.-.! !.? 

mi it s <>r ft>iul be 

div 

i lei 

hv 

lhe giiwui’i 

iv ; line or ; 

-Liiii', the quotient: 

will be 

l !«c 

■ eni'iiiu/e.e 

me (li'eriii.' 

•J by the ceiil it of 

I'f i. 

i\ it / ; 

i ;m 

-1 i i.n.eiju- i. 

d ’Iu. i.'Vn 

'1 J bv . l< rives tht 

\ ,4t] 

iii;s, < 

r i* 

.I!..liee id tl. 

at eenl it ) i. 

ul tiie axis oi ml a- 


tion. fin, -li the li u !e, i, li.it au.i u 
content ol tlu-lphete peni-iid i \ e ^ 
latter di\i !• .i by ti>< loimer is ^ 

for the- dillanee u! il 


r/ 


, .mu li.c 
lure Lhe 
v 


of 

At’ 


•;ivc« — 

iP 

ft-. 

:;i Tl.v :.x 

i.v r i'l 



•mil .liU di v ided b. 

if ei ntir t-f <jravity 

or frem the c*-iitic of the fiivieiic'i. 
I„!l r . li' :o:.' d. re 1 . ’ tie to tie.- ri la. ion br- 
t-v en the e< litre ol j mi.lv and the iiy’iie gisii ’i tie! i: y 
the li vii'iilinn ol a-\ la. |.) in , is nwln.ied 1 / 
I’.iopiis, ill lhe preiaee to he. yin ho..k ; and 1.Uh. C.m- 
diti Ini: 1.101 e- I nil c't mo.ill I .III J it ill hilled 
on the Centre of (Irav;t> . 

'l'iif piiiieioal wr.tus on the centre ol 
A••chiinedes, Pappus, tiulil.ni, With; i, Cj 
liays, Woltiiui, ge. 

t i-n iki- nf (rynni-in, is that porm inwle ii if the 
whoie iii.i's be eolkeb d, I lie (.mu' aug r !.u \ i!. • v. t y will 
Ik- gei,finted in the lame time, ny a ;;uiii joi..e acting-, 
ar anv place, as in the bodv m tv ii< in ille'f I bis j o.nL 
difh-rs from tile centre ot ofeillat ion, in as nun h as in 
this latter calc the motion of the body u; .product d hy 
the giavity of iu own paiticks, but in the cafe of lhe 

centre 


no ji. books 


gr lvity ;uc 
.. > tis, t ,11 I . , 
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by the force/, is a ~ 

1 V 


centre of gyration the body is put in motion by fome 
other force noting at one place only. 

To determine the Centre of Gyrution, in any body, or 
fyllem of bodies compofed of Lhe parts A, B, C, Sir, 
moving about the point S, when urged by a force /afl- 
ing at any point J'. Let R be that centre: then, by 
mechanics, the angular velocity gene rated in the fdlem 

1 /-SP _ 

sa* V11 ■ -b c -'se’ ; ic’ 

and, by tbc fame, the angular velocity of the matter 

' / • AP 

placed all in the point R, is - \ __ : -; 

A -f- 11 4- C Kc y, SK* 

then fiuce thefe ttvo are to be equal, their equal in 1 will 

. „„ /.\ ■ s a 1 + r. • sir- 4 C • SC 4 o <: . 

,iveSK~ v /-A + b -r C A ' “ ' 

the diflanec of the centre of gyration fought, below the 
a - is of motion. 

Now bec/ufc the quantity A * SA* + U ' SIP *f* &c 
is — SG * SO • f, where LI is the eentre of giavitv, (.) 
the centre of ofcillation, and h the whole body or linn 
of A, R, L', &c; tbeicfne it follows that SK- — 
SO • St); that is, tlie dn’i.iiue of the centre of gvra- 
ti n, is a mean proportion.;! between tliole of gravity 

i.il'.l ofl lll.lt loll. 

And hence alio, if p denote ary particle of a bode, 
y] icidat tin- diliance ./ from the axis ol motion ; then is 
fnm of all the /v/ 2 

SR -:—-—,-; from whence the point 

body b 1 

i\ mav be determined in bodies by means of riu;:inus. 

Ch x 1 u 1 of an ) lyp.i bdn, is the middle of the nxi-, 
or of anv otb- r diameter, being the p< int without t lie 
figure in which all the diametei s interleef one another; 
and it i; common to all the four conjugate hyperbolas. 

L’t M«l. 0/ Ahigrrii dr, is the point which is equally 
cbfi.mt from ::li the fimilar external parts of a body. 
r l'li is is the fame as I lie centre of gravity in homoge- 
t'.eal bodies that can he cut into lil.c and equal pints ac¬ 
cording to tlieir length, as in a cylinder <.r. anv other 
p: dm. 

L 1 xritr of Motion, is the point about which any 
body, or iyilcin of bodies, moves, ill a 1 evolving mo¬ 


tion. 

Cr NT* e of 0 [dilution, if that point in the axis or 
line of fulpenfion of a vibrating bodv, or fyllem of 
bodies, in which if the whole matter or weight he col¬ 
lected, the vibrations will ilill be peiformed in the fame 
time, aud with the f.one angular velocity, as before. 
Hence, in a compound pendulum, its dillanee from the 
point of fufptnlion is equal to the length of a iimp'e 
pendulum w tune oh illations are ifoclironal with thole 
of the compound one. 

Mr. Huygens, in his Horologium Ofcillatorium, 
fil'd the wed how to find the centre of ofcillation. At 
the beginning of his eblcoiirle on this fubjeef, lie lavs, 
that Merfinuns full propofed the pioblem to him 
while he was yet veiy voting, requiring him to rcfnlvo 
it in the cafi s of fedois of circles fufpcmled by thc-ir 
angles, and by the middle of their bales, both when 
they ofcdilate tideways and ll.it ways ; as alio for triangles 
and the fcgtnents of circles, either fulpeiided from tlieir 
vcitex 01 tlie middle of tlieir bale:. But, fays he, not 


having immediately difeovered any thing that would 
open a paffage into this bitfinefs, 1 was repulfcJ at firfl 
fet ting out, and (lopped from a further profeeutioii of tbe 
thing ; till being farther incited to it by adjulling the 
motion of the pendulums of my clock, I furimuiiiteJ 
all difficulties, going far beyond Dcfcari.es, Fab; v, ;.nd 
others, who had done the tiling in a few of win.iff 
cafy cafes only, without any fuliicient demon (haii,),) ; 
aud foiviug not only the problems propofed by Mcvl. n- 
mis, but many others that were much more difhc 1 it, 
and ffcewing a general way of determining this cents c, 
in lines, fuperficies, and folids. 

In the l.eipfie A6fs for idyl and 1714, this doff 1 ine 
is handled by the two Bernoulli's: and the fr.nu* is alio 
done by Herman, in Isis treatife Dc Motu Corpmum 
Solidoniin et Fhiidorum. 

It may idfo be fcen in treatifes on the Invcife Method 
of Fluxions, where it is introduced as one of the exam¬ 
ples of that method. See liases, Carre, Woliius, &c. 

To d, terminr the Centre of Orei/htion, in any Com. 
pound Mills or Body MN, or of any Sell era of Bo lie* 
A, B, C, &c. 



T.et MN be tlie pi,me of vibration, to which 
plane conceive all the matter to he reduced by let¬ 
ting fall perpendiculars to this plane from every par¬ 
ticle in the body ; a fuppofition which will not al¬ 
ter the vibration of the body, beeaufe the particles are 
Hill at the fame didance from the axis of motion. Let 
O be the centre of ofcillation, and G the eentre of gra¬ 
vity ; through the axis S draw SGO, and tin. horizon¬ 
tal line S L’: then from every particle A, B, C, fee, Ut 
tall perpendiculars Art and A/>, 1 W> and By, Cr and C/ , 
&e, to tilde two lines; and join SA, SB, bC ; alio 
di.iw Cm and On perpendicular to ST. 

Now the forces of the weights A, B, C, to turn the 
body about the axis, are A * S/>, B • Sy, — C • Sr ; and, 
by nuchanics, the forces oppofmg that motion arc 
A • sA 2 , B * bB 2 , C * SC 2 ; therefore the angular nio- 

. . - n . A - S/> 4- li'Sy — C • Sr 

tain geneiatcd in tlie fyftem is -— - --—4----. 

1 } AbA 2 4- B-SB 2 + C*SC 2 * 

In like manner, the angular velocity which any body or 
particle /, htuated in O, generates in the fyllem, by it* 

p . so 1 ’ or or bccaufe of 

M m 2 the 


• 1 . P ‘ Sn 

weight, is -•, 

b * SO 2 ’ 
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T 

J 


CEN 


A-SA* + B-SB« + OSC» _ , 

X A c. r ' . But, by mechanics 

L'hr ' 


the fimilar triangles SG m, SO n. But, by the condi¬ 
tions of the problem, the vibrations are performed alike 
in both thele calcs 5 then fore theft* two expreflious 

St/i 

mud be equal to each other, that is -375;——- = 

aO • oU 

A • S/> + B • S7 —C - Sr n 

A"SA" 3 T~R^'iT 3 “+CT.-KL-' and confequcntly SO 

S m 

~ SO X A*S/> +B S ? 
again, th e fil m of th e forces A ■ S/> 4 B • S7-C • Sr 
is equal A 4 1 ^ 4 G ■ S m the force of the lame matter 
collected all into its centre of gravity (1 ; and therefore 

a*sa* + b-sb»+c-SC* . , 

SO = — (A +B + C ). SC; - “> which is the 

didance of the centre ot ofeillatiou O below the axis of 
fufpenfion. 

Farther, becaufe it was found under the article 
Centre of Gravity , that (A- 1 - 1 J + C) * SG = A * tuar-f 

E-Si+C-Sf, tUi-,rfurcSO= *-?a*±b-mi+£^ 

ASa + B'Si +C-Sr 

is the fame dillauce of the centre of ofeillatiou ; where 
any of the products A • S-/, B • S.5, c .c are to be taken 
negatively when the points b, ike. lie above the point 
S, or where the axis paffes through. 

Again, becaufe, by Each II [2 ami 13, 
it is SA~ = SG* 4 GA* - 2SG • Gri, 

and SB’ = SG* 4 GB* 4 - 2SG • C,b, 

mid SC* = SG* -4 GC* + 2SG • Ge, See ; 

and becautc by Mechanics, the film of the lall terms is no¬ 

thing, namely — ’SG ‘Get 4 2 SG G 4 4 - iSG'Gr &c =-o; 
the refore rh.- I'unt of the others, or ASA*4lKSB* &c 
= A + n ve SG* 4 A-GA* 4 B CJB* + C*GC*&c, or 
b ■ S i* +A-GA* 4 H-GB*4C GC* &c ; 
where b denotes the body, or firm A+B+C &c of 
all M.e parts : this value then being fubUituted in the nu- 
tr.eiaio*-of the 2d value of SO above-found, it becomes 

TVAG’ 4 A-GA’ 4 B-Gir vc 
: - m -. or 


SO 


so 


SG 4 


b 

4-0 A 5 


4 B-GB«Src. 


hence, that SG • GO 


lation below the axis oT fufpenfion S, be equal to the 
fluent of divided by the fluent of yxx. So that, 
if from the nature or equation of any given figure, the 
value of v be exprefled in terms of x, or otberwife, and 
fubllituled in tbefe two fluxions ; then tbe fluents being 
duly found, and the one divided by the other, the quo¬ 
tient will be the dillanccto the centre of ofcillation in 
terms of the abfeif's x. 

But when tbe body is fufpended by a very fi ne thread 
of a given length a, then the fluent of lr + aV’ J u ‘ di- 
vitled bv tbe- fluent, of a 4 .v ' y.\ gives the didance of 
the fame centre of ofcillation below tbe point of fuf- 
penfion. 

J'x. For example, in a right line, or reftangle or cy¬ 
linder or any other prifm, wliofe condant lection is y, or 
the conllant quantity a ; then yx*x is ax-.i, whole fluent 
is jfl-i 3 ; alfo y.vl is axx, whole fluent is \ax z ; and tlie 
quotient of the former divided by rlie latter 
is 

the 

where the fame breadth or fection, tint is, at two- 
thirds of its length. 

In like manner the centre of ofcillatinn is found for 
various figures, vibrating flatways, uni are as they arc 
exprefled below, viz. 


r-v 


for tilt dillanee of' the centre of ofcillation below 
vertex in any fucli figure, namely having every 


Nature of Figure. 

Ifofceles 11 Jungle 
Common l J ai abola 

Anv Parabola 


iVh'v fafpcnJeJ by Nat ex, 

of its altitude 
altitude 


a 

i) of its 

2 III 4 1 

V 1 ' 4 1 


its altitude. 


b • SG 

From which it appears that the centre of ofeilla- 
tion is always below the centre of gravity, and that 
the diff.-rence or dillanee between them is 
A -GA* 4 B-GB* &c 
GO - 3 -SO "** 

It farther follows from 

A"GA ? 4 B.GIP&c 


As to figmrs moved laterally or Jic-.-ways, or edge¬ 
ways, that is about an axis perpendicular to tbe plane 
of the figure, the finding the centre of ofcillation is 
fomewhat (Idle ult; becaufe all the parts of the weight 
in the fame hoii/.ontal plane, on account of their un¬ 
equal dillances from the point of iiiipcuiion, do not 
move with >'ie fame velocity ; as is (hewn by l'luvgcns, 
in bis Horol. Oieil. He found, in this calc, the dis¬ 
tance of the centre of olcillaiion below the axis, viz. 
In a circle, - - j of the diamctci: 

Ina n Ctanglr, fulp.by one angle, 3 of the diagonal: 

In a parabola 1 ufp by its vertex, 5 axis 4 \ paiam. 
The lame futp. by mid. ol bale, ^ axis 4 4 paiam. 

3 arc X radius 


In a feftor uf a circle 


In a cone 


4 chord 

. radius bale 
f axis H-— 


that is, the rectangle SG-GO is In a fpherc 


the boil, b 

always the fame condant quantity, wherever the point 
of fufpenlion S is placed, fince the point G and the 
bodies A, B, &e, are conitant. Or GO is always 
reciprocally as SG, that is GO islefs as SG is greater; 
and the points G and O coincide when SG is infinite; 
but when S coincides with G, then GO is infinite, or 
O is at an infinite didauce. 

To Jind the Centre of Ofcillation by means of Fluxions . 
From the premifes is derived this general method for 
th- centre of ofcillation, viz, let wbe the abfcifTa of an 
oleu atmg body, and jr its correfponding ordinate or fec¬ 
tion j then will the didance SO of the centre of ofcil- 

4 


S + 


tr z 

S.f 


5 axis 
wlie 


re r is 


the radius, and g = a 4 r the rad. added to tbe length 
of tbe thread. 

See alfo Simplon’s Fluxions, art. 183 &c. 

To fml the Centre of Of filiation Mtchanically cr Ex¬ 
perimentally. Make the body ofcillate about its point of 
fufpenfion; and bang up alfo a limplc pendulum of 
fuch a length that it may vibrate or jull keep time with 
the other body : then the length of the Ample pendu¬ 
lum is equal to the dillanee of the centre of ofcillation 
of the body below tbe point of fufpenfion. 

Or it will be dill better found thus: Sufpend the 
body very freely by the given point, aud make it vibrate 

in 
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an fmall ares, counting the vibrations it makes in any 
portion of time, as a minute, by a good Hop watch; 
and let that number of ofciliations made in a minute be 
called n: then fliall the dillancc of the centre of ofcil- 

lation be SO = —-—— inches. For, the length of 
tin 0 

the pendulum vibrating feconds, or 60 times in a mi¬ 
nute, being 39'p inches, ami the lengths of pendulums 
being reciprocally as the fejuare of the number of vi¬ 
brations made in the fame time, therefore «* : 6o* : : 


39 s 


1408 qo 


the length of the pendulum which vi¬ 


brates n times in a minute, or the didance of the centre 
of ofcillalion below the axis of motion. 

Centre of Percuflion , in a moving body, is that 
point where the perciilliuii or llroke is the greatelt, in 
which the whole pereurient force of the body is ftip- 
potid to be collided; or about which the impetus of 
the parts is balanced on every f.de, 1<> that it maybe 
ilr.pt by an immoveable obitaele at this point, and tell 
on it, without afting on the eentte of fufpeufiun. 

1 . When the pireiii ien: bn. : v revolves about a fixed 


point, the centre of j.eu udion ir, the fame with the cen¬ 
tre of ofriil.it ion ; and is clc n •.•mined :n the fame manner, 
viz, by cotifidetirig the impetus of the parts as fo many 
weights applied to an inflexible right hue void of gra¬ 
vity; namelv, by dividing the fnni of the products of 
the foiee:. of the patts multiplied by their dillanccs 
irnm the point of fwipenlion, bv the (um of tiie foiees. 
Ami therefore v, hat bat beer, above flievvn of the centre 
of oh illation, will hold uifo of tiie ci litre ot percuflion 
when ttie body ttvolvts about a fixed jioint. For in- 
llauce, that the centre of peieuiliou in a cylinder is at 
| of its length from the point of (ufpcnfion, or that a 
hick of a cylindrical figuu, fuppoiing the Ci litre of mo¬ 
tion at the hand, wli tlrike tbegieatell blow ;it a point 
about two-thirds of its length from tin hand. 

a. But wiltn the body moves with a parallel motion, 
or '..!! its parts with the lame cehritv, then the eetitie 
i f percuflion is the fame as the centre of gravity. For 
tic momenta are the products of the weights and ce- 
hiitits; and to multiply ctjuipondirating bodies by the 
fume velocity, is the fame thing as to take equimultiples; 
but the equimultiple? of equiponderating bodies do alio 
equiponderate; iluu lore equivalent momenta are dif- 
pofed about the centre of gravity, and eonfcquently in 
tt.is cafe the two centres coincide, and what is fliewu of 
the one will hold in the other. 

Centre of Fercuflioti in a fluid, is the fame as out 
of it. 

Centre tf a Parallelogram , the point in which its 


diagonals into Ml. 

CT ktre of Vttfurr, of a fluid againfl a plane, is 
that point againfl which a force being applied equal and 
contrary to the whole pnfliite, it will juft fullain it, fo 
as that th _• body preffed on will not incline to cither 
fide.—This is the fame as the centre of percuflion, fup- 
pofitig the axis of motion to be at the intcrfe£tion of 
this plane with the fuiface of the fluid; and the centre 
of pi effirre upon a plane parallel to the horizon, or upon 
any plane where the prtflure is uniform, is the fame as 
the centre of gravity of that plane. Emcrion’s Me¬ 
chanics, prop. 91. 


Centre of a Regular Polygon , or Rigular Body, is 
the fame as that of the inferibed, or circumfcrihtd cir¬ 
cle or fphere. 

Centre of a Sphere , is the fame as that of its gene¬ 
rating fcmicirclc, or the middle point of the fphere, 
from whence all light lines drawn to the fuperficics, are 
equal. 

CfcNTitiNO of an Optic G/afr, the grinding it fo as 
that the thick.cH part be exactly in the middle. 

Caflini the younger has a difeourfc expiclsly on the 
neccflity of well centring the object glafs of a large te- 
lclcopc, that is, of grinding it fo as that the centre may 
fall cxadtlv in the axis of the tclefcope. Mem. Acad.. 
171c. 

indeed one of the greateft difficulties in grinding 
large optic glaffesis, that in figures fo little convex, the 
lealt difference will throw the centre two or three inches 
out of the middle. And ye.t Dr. Hook rcmadcs, that 
though it were better the tbickeft part of a Log objedt 
gluts were cxadtly in the middle, yet it nav be a very 
good one when it is an inch or two out of it. J’liilof. 
Tranf. N° 4. 

CENTRIFUGAL Force, is that by which a body 
revolving about a ceutrc, or about another body, en¬ 
deavours to recede tloin it. And 

CRN 1 "K 1 PETAL Force, is that by which a met- 
ing body is perpetually mged towards a ceutic, and 
marie to revolve in a curve, i 11 Head of a right line. 

Hence, when a body revolves in a circle, thele two 
forces, viz, the centrifugal and centripetal, are equal 
and contrary to each other, fince neither of them gains 
upon the other, the body being in a manner equally 
balanced by them. Bui when, in revolring, tiie body 
recedes farther from the centre, then the Ccnlrifrg.il 
exceeds the centripetal force; as in a body revolving 
from the lower to the higher apiis, in an ellipfc, and 
relpedting the focus as the centre. And when the re¬ 
volving body approaches nearer to the centre, the cen¬ 
trifugal is lefs than the centripetal force; as while the 
body moves from the l.irtherto the neaier extremity of 
the trantverfe axis ot the cllijiic: the two forces being* 
equal to each other only at the very extremities of that 
axis. 

It is one of the eftablifhed laws of nature, that all 
motion is of itfelf rectilinear, and that the moving body 
never recedes from its iirll right line, till ionic new iin- 
pulfe be fuperadded in a clifteu nt direction : after that 
new impulfe the motion becomes compounded, but it 
is flill rectilinear, though not in the fame line or d- 
red ion as before. To move in a curve, it mull re¬ 
ceive a new impulfe in a different direction every mo¬ 
ment ; a curve not being reducible to any number of 
finite right lines. If then a body, continually drawn 
towards a ceutic, be projected in a line that does not 
pafs through that centre, it will deferibe a curve ; in 
each point of which, as A, it will endeavour to reccdd 
from the curve, and proceed in the tangent AD; and 
if nothing hindered, it would actually proceed in it; 
fo as in the fame time in which it deferibes the arch 
Ah, it would recede the length of the line DE, per¬ 
pendicular to AD, by its centrifugal force: Or being 
projected in the direction AD, but being continually 
drawn out of its dire&ion into a curve by a centripetal 

force,. 



CEP [ 270 ] C H A 


force, fo as to fall below the line of dire&ion by the 
perpendicular fpace PE : Then the centrifugal or cen¬ 
tripetal force is as this line of deviation DE; fuppofing 
the uidt AE indefinitely final!. 



The do&rinc oF centrifugal forces was firft mentioned 
by Hnvgens, at the end of his Horologium Ofcillatoriiim, 
■publifhai in 1673, and demoullrated in the volume'of 
his Pofthnrtiou; Works, as alfo by Guido Grando; where 
he has given a few eafy cafes in bodies revolving in the 
circumference of circles. But Newton, in his Principia, 
was the fu ll who fully handled this dodrine ; at leaft 
as far as regards the conic feCHons. After him there 
have been leveral other writers upon this lubjcft ; as 
Iicihnitv, Varignon in the Mem. do l’Acad. Ked in 
the Pliilof. Trank and in Irs Pity lies, Bernoulli, Pier- 
man, Cotes in his Harmonia Mcnftirarum, Maclaurin 
in his Geometric:! Organiea, and in his Fluxions, and 
Euler in his hook tie Mot 11, where he confiders the 
curves deferihed by a body acted on by centripetal 
forces tending to fcvtral fixed points. 

See alfo the art. Central Forces, where this definite 
is more fully explained. 

CENTRoUARICO, the fame as centre of gra- 
vit-. 

Centrobaric - AT. th'Jtlj is a mi thod of determining 
the quantity of a fur face or folid, by means of the ge¬ 
nerating line or plane, and its centre of gravity. The 
doctrine is chiefly comprized in this theorem: 

Every figure, whether fuperlicial or folid, generated 
by the motion of a line or plane, is equal to the pro¬ 
duct of the generating magnitude and the path of its 
centre of gravity, or the line which its centre of gra¬ 
vity deferihes. 

See more of this fubjuft under the article Centre of 
Gravity , 

CENTRUM, in Geometry, Mechanics, See. See 
Centre. 

Centrum Phcr.icum , in Acoudics, is the place where 
the fpeaker Hands in polyfyllabical and articulate echoes. 

Centrum Pbonocampthum, is the place or objedl that 
returns the voice in an echo. 

CEPiiHU'i, a cnnfidlation of the northern hemi- 
fphere, being one of the 48 old add ifms. The Greeks 
fable that Orpheus W3S a king of Ethiopia, and the 
father of Andromeda, the priticcfs who was delivered 
up to be devoured by a fea monflcr, from which flic was 
refeued hy Perfeus. 

The flars of thtR conftellation, in Ptolemy's cata¬ 
logue are 13, in Tycho's 11, in Hevelius’s 51, and in 
the Britannic catalogue 35. 

CERBERUS, one of the new conftellations formed 
by Hevelius out of the unformed ftars, and added to 
the 48 old aflerifms. It contains only 4 flars, which 
are enumerated under Hercules in the Britannic ca¬ 
talogue. 


CETUS, the Whale, a fouthern conftellation, and 
one of the 48 old aderifms. The Greeks pretend that it 
was the fi a-monfler fent bv Neptune to devour Aa- 
dromedu, hut was killed by Perfeus, , 

In the neck of the whale is a remarkable ftar, 
Collo Cell, which appears and difappears periodically, 
or rather grows brighter and fainter by turns, owing 
it is fuppolcd to the alternate turning of its bright 
and dark fides towards us, as it revolve.; uj>on its axis, 
or clfe owing to the liar lining a flattifh form. The 
period of its changes is about 3 1 3 days. Bullialdus 
in Phil. Trattf. vol. 2, Hevelius ibid. vol. 6, Ilerfehel 
ibid. vol. 70, Marald. in Mem. Acad. 1719. 

'Tlte ftars in the conftellation Cetus, in Ptolomv’s 
catalogue, are 22, in Tycho’s 21, in Hevelius’s 45, 
and in the Britannic catalogue 97. 

CHAIN, in Surveying, is a lineal meaftire, confid¬ 
ing of a certain number of iron links, tifually too: ferv- 
ing to take the ilimuifions of fields &c. 

At evety lotii link is tifually (aliened a finall hrafs 
plate, with a figure engraven upon i*, or tlfe cut into 
different (hapes, to fhew how many links it is from one 
end of the chain. 

Chains are of various kinds and lengths ; as 

j. A chain of 100 feet long, each link one foot, for 
mcafunng of large diftanees only, when regard is not 
propofed to he had to acres See, in tlte fuperiieial con¬ 
tent. 

2. A chain of one pole or id feet and a half in 
length ; cfpccialiy lifeful in mcafuring and laying out 
gardens and orchards, or tlte like, hy the pole or tod 
meaftire. 

3. A chain of.) poles, or 66 feet, or 72 vards, in length, 
called Gunter's chain, and is peculiarly adapted to the 
bufir.cfs of Sun eying or Laiid-nuafunng, breaufe that 
10 fquare chains juft make an Englillt aeie of land ; fo 
that the dimenlions being taken in tliefe chains, and 
thence the contents computed in fquare chains, they 
are readily turned into acres hy dividing hy 10, or 
barely cutting oft the lad figure from the fquare chains. 
Bui i: is "llill better in practice to proceed thus, viz, 
count the dimeufions, not in chains, hut all in links; then 
the contents are in fquare links ; and five figures being 
cut oft for decimals, the reft are acres; tint is four fi¬ 
gures to bring the fquare links to fquare chains, and one 
more to bring the fquare chains to acres. 

I11 this chain, the links are each 7 inches and 
or 7'92 incites in length, which is very nearly , of a 
foot. And hence any number of chains or links are 
cafily brought to feet or inches, or the contrary : the 
beft way of doing which is this: multiply the number 
of links hy 66 , then cut off two figures for decimals, 
and the reft are feet : or multiply links by 22 for yards, 
cutting off two figures. 

CHALDRON, of Coals, an Englifh dry mcafure 
of capacity confifting of 36 budiels heaped up. 

The chaldron of coals is accounted to weigh about 
2000 pounds.—On fhip board, 21 chaldrons of coala 
are allowed to the fcore. 

CHAMBER of a Mortar, or fume cannon, is a cell 
or cavity at the bottom of the bore, to receive the 
charge of powder. 

It is not found by experience that chambers have 

any 
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»ny fenfihlc cflcft on the velocity of tlie ftict, milefs in 
the largcil ordnance, an mortars or very large cannon. 
Neither is it found that the form of them is very 
material; a final! cylinder is as good as any ; though 
mathematical fpceulations may thew a preference of 
one form over another. But in practice, the chief point 
to be obferved, is to have the chamber of a fuse jult 
to contain the charge of powder, and no more, that 
the ball may lie dole to the charge ; and that its en¬ 
trance may point exactly to the centre of the ball. 

CHAMBERS (Ehiiraim), author of the diction¬ 
ary of fcknees culled the (■ychjxniia. lie was bom at 
Milton in the county of 'Wdlmorcland, where he re¬ 
ceived the common education for qualifying a youth 
for trade and commerce. When lie tJecame of a pro¬ 
per age, he was put apprentice to Mr. Senes the globe- 
maker, a hufmds which is connected with literature, 
efped.illy with geography and tdlroiiomy. It was 
during Mr. Ch.imhrnds rdidence with this fkilful artitt, 
that be acquired that tulle for literature which accom¬ 
panied him through life, and directed all his purfuits. 
It was even at this time that he formed the delign of 
his grand v o'. k, the Cyclopa-dia ; fow.e of tlie full ar¬ 
ticles of which were written belli, d the counter. To 
have lciiure to purlin- tin’s work, lie quitted Mr. Senes, 
and took chambers at Cray’s Inn, whuv lie chidly rc- 
f’ded during the roll of his life. The toll edition of 
the Cydo’.n-diu, which was the rdi.lt if many years 
intenfe application, appeared in 172S, in 2 uk. folio. 
The r petal ion that Mr. Chambi acquired by .he 
esecution of this wo-k, procured him the honour of 
being ihcied E. R. *S. Ntiv. 6, 1729. In h ,! 's than ton 
years, time, a fic.-nd .dilim became r.ecefl’a-y ; which 
accordingly was printed, wish on red celts and addi¬ 
tions, in 17.7 b; and tin's was followed by a thud edi¬ 
tion tin- very ue,.t year. 

Although tlie Cyclopedia was the chief hufmefs of 
Mi. Llnm.bcis’s lii'e, and may be regarded as aln.otl 
the foie fountlatioil if his feme, Jus attention was not 
wholly confined to th : s ttndeitaking. He was com e, li¬ 
ed in a periodical publication, called, 'The 1 .Ur.■•ary Ala- 
f!r-,!.r\ which was beg;. i hi 1 yay. In tins he 

wrote a variety of article.!; pa: 1 'candy a review of 
Morgan’s A/ .red PIef./l.t r. Hr v. .is alto concerm il 
with Mi. J..i’-.i Marty-, pnrfef.u- '1 tnaa'iy at Cam¬ 
bridge, in pr.p.'.; ing for the p-af- a ti.i.r.l.ition :i;k1 
itbru'r'-nrn; id the /'•■.//' /.- n 1 and /!. s •■/ 

//.■ ft. , ■< J ; ,V..hi. V. I k !■ >1 

jn.If find till ; 7.; J, feme tin.e j.itei om a.:tk >.’s dc- 
ce.in y iijiutus'-! !ho. Mr. t'tMSi.hitu w.» t aU. .m- 
*hor if the tranlkition of the jrjii:‘s i '■ . y'".. ’re, f: • ■ r a 
th<- iVtneli, in .|to; which has goiu thiovu'i liv.ral 
edi: io:;s. 

M>-. Chamhrrs’s elofe and unremitting at:.-ut' ■>• *0 
his lludiis at length impaired his health, ard •.bii:;-. d 
him rationally to take a country 1- dying, l.et w.ih- 
imt much h. ie (it ; l-«: aft<-i warda n'ited the Amth of 
l'ranee, hut ffill with little 1 ‘Hoi ; he therefore ret lin¬ 
ed to England, where he foon altei died, ;it lilingfen, 
Mav 1 7, ’ 740, and was luiried aL Wcflminficr Abbey. 

After the authoi’s dc.iJi, two move iditiuuu of Iris 
Cvclcipa-dia were publifhcd. The proprietors aft'-r- 
wanls piccured u iupplemeut to be compiled, l>y Mr. 


Scott and Dr. Hill, but chiefly by the latter, which ex*- 
tended to two volumes more ; and the whole has fince 
been reduced into one alphabet i:i 4 volumes, by Dr. 
Rees, forming a very valuable body of the faiences. 

CHAMBRANLE, the border, frame, or ornament 
of Rone or wood, furroundirig the three Tides of doors, 
win dow8, and chimneys. This is different in the dif¬ 
ferent orders : when it is plain, and without mouldings, 
it is called limply and propeily, band, cafe, or frame. 
In an ordinary door, il is molUy called door-cafe ; in a 
window, the whitlow-frame. 

The Chambranlc coniilb of three parts; the two 
Tides, called afeendants ; and the top, called the tra- 
verfe or fupcrcilium. 

CHAMFER, or Chamffrvt, an ornament, in ar- 
chile&urc, confilling.of half a fcotia ; being a kind of 
fmall furrow' or gutter on a column. 

CHAMFERING, is ufed for cutting the edge or 
the end of any thing bevel, or a/lc-pe. 

CHANCE, the D.tlrine and Laws of, are the fame 
as tliofe of explication, or probability, &e ; which fee. 
Chances, in pi: y, conliR of the number of ways by 
which events may happen. Thus, if a halfpenny, or 
other piece of money, be tolled up, there are two 
events, or chances, or Ikies that may turn up, namely 
one chance Er turning vp a head, and one for the con¬ 
trary ; that is, it i; an equal chance to throw a head 
or not. And in throwing a common die, which has f> 
faces, there arc in all 6 chances, that is one chance for 
throwing an ace or any other tingle point, and 5, 
chances again;! it ; or it is 5 to 1 that lucli aliigued 
point does not conic up. 

UponthisAibj.il, let Do Meivre, Simpfon, S:e. 

CHANDELIERS, in i*Vrtim-..ti\.n, a I; hid of 
wooden parapet, eoutiiliiig of up; 'Vkl timbers ii .sport¬ 
ing others laid aeiois the lops of them, <> 1 .1 high, 
and lorl hied v ;lh iu'ciiiiS c.e. Tli ", arc uted to oner 
the worl-tmen in : npioaelu..', 'ralhehy, a-jd mines. Anil 
they differ l’-iin blinds in !y i.i that the former, 

ferve to e.itcr lire men 1 ,h :• , :aio t!,e latter •..'>.r h-.uk. 

C'HANGI S, the j> : . u.tali nss or v.ina 1 of :*::y 
number of tbmps with r:;71. ! to 'lea’-- p.-li io-i, .vJe 1 . 
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And if there be 4 things, each of them may be com- 
bined 4 ways with each order of the other three, that is 
4 times 6 ways, or 1 X 2 x 3 X 4 = 24 ways. 

I11 like manner, the combinations 
of 5 things are 1 x 2 x j X 4 x 5 = 120 

of 6 things are t X 2 X 3 X 4 X 5 X 6 = 720 
&c. 

So that if it be propofed to nfttgn how many dif¬ 
ferent ways a company of 6 perfontr may be placed, 
at table for inllancc, the anfwcr will be 720 ways. 
Alfo the number of changes that can be rung on 7 bells, 
are IX2X3X4X5X6X7 or 720 X .7 — 5040 
changes. 

CHAPITERS, the crowns or upper parts of a pil¬ 
lar or column. 

CI 1 APPE (Jr an D’AuTERornr), a Trench aftm- 
nomcr, was born at Mauriac, in Auvergne, March 2, 
172-'. A tailc for drawitig and mathematics appeared 
in him at a very tender age ; and he owed to Dual 
Gcin.ahi a knowledge of the firll elements of mathe¬ 
matics mid ailronomy. M. Caflini, after alluring him- 
felf of the genius of this young man, undertook to 
improve it. He employed hnn upon the map of Trance, 
and the tranflation of Halley’s tables, to which he 
made confiderable additions. The king charged him 
in 1753 with drawing the plan of the county of Bitelie, 
in Lorraine, all the elements of which he determined 
geographically'. He occupied himfelf greatly with the 
two comets of 1760 ; and the fruit of his labour was 
hi.; Elementary treatife on the theory of thofe comets, 
enriched with obfervations on the zodiacal light, and 
on the aurora borealis. He foon after went to Tobollk, 
in Siberia, to obferve the t ran (it of Venus over the fun ; 
a journey which greatly impaired his health. After 
two years abfencc he returned to France in 1762, 
vchefe lie occupied himfelf for forne time in putting 
in order the gre-at quantity of obfervations he had 
made. M. Chappe alfo went to obferve the next tran- 
fit of Venus, viz that of 1769, at California, on the 
well fide of North America, where he died ofdanger¬ 
ous epidemic difeafe, the ill of Atiguft 1769. lie 
had been named Adjunct Aftronomerto the Academy 
the 171 h of January' 1759. 

The pul•lilhcd works of M. Chappe, are, 

1. The Aftronomical Tables of Dr. Halley ; with 
obfervations and additions : in Kvo, 1754. 

2. Vos age to California to obferve the tranlit of 
Venus ov v r the fun, the 3d of June 1769: in 4to, 
1772. 

3. He had a confiderable number of papers inferted 
in the Memoirs of the Academy, for the years 1760, 
1761, 1764, 17%, 1766, 1767* and 1768; chiefly 
relating to aftronomical matters. 

CHAPTREL, the fame with Impoll. 

CHARACTERISTIC,^ of a Logarithm, the fame 
as Index, or Exponent. This term was firll ufed by 
Briggs in the 4th fcdlion of his Arithmctica Loga- 
rithmica, where he treats particularly of it ; meaning 
by it, the integral or firll part of a logarithm towards the 
left hand, which cxprdles 1 lefs than the integer places 
or figuies in the number anfwering to that logarithm, or 
how far the firll figure of this number is removed from 
thep'ac-' of units; namely, that o is the charadterillic 
of dl numbers from 1 to 10 ; and I the charadlerillic 


of all thofe from 10 to 100 ; and. 2 the charadlerillic 
of all thofe from 100 to 1000 ; and fi> on. 

CHARACTERS, are certain marks ufedby Aftro- 
nomers. Mathematicians, &e, to denote certain things, 
whether for the fake of brevity, or perfpicuity, in their 
operations. 

1. Astronomical Characters. 

7 l:e twelve Signs or Cerjteih- 
ti'.ns of the Zodia:. 

V Aries, the Ram 
y Taurus, the Bull 
II Gemini, the Twins 


Planets &c. 

© The Son 
d The Moon 
0 The Earth 
5 Mercury 
<? Venus 
<? Mars 
Jupiter 
♦y Saturn 

y Hcrfchel, or the 
Georgian Planet 
S3 Afccuding Node 
$ Defcendiiig Node 


® Cancer, the Crab 
£\, I.co, tiie Lion 
TIJ> \ r irgo, the Maid 
a Libra, the Balance 
ll] Scorpio, the Scorpion 
jpl Sagittary, tie Archer 
yy Capricorn, the Goat 
SZ Aquarius, the Water-bearer 
K I'ifces, the Fillies 


The JlffeCts, Time, Motion, EsV. 
d Conjunction 
g Oppobtion 


0 Degrees 


Sex tile 
uartile 
rine 


* 

O Quart: 
A Trine 


t Minutes or Primes 
" Seconds, &c. 

A. M. Ante merid. or m morn, 
P. M. Poll mtrid. or a aftern. 
h, m, s, Hours, min. fee. 

2. Mathematical cjV. Chakai ters. 

Numeral Characters ufed ly different Nations. 

The nioll common numeral characters, art- 
called Arabic or Indian, viz. 1, 2, 3, 4, 5, 6, 
y, with o or cipher for not hing. 

'l’he Roman numeral characters are ftven, viz, I one, 
V five, X ten, L fifty, C a hundred, D or ID five hun¬ 
dred, M or 1 )CI or Cl7) a tlioufand. Other combina¬ 
tions are as in the following fynopfis of the Roman 
Notation. 

1 — I 

2 


thofe 

7> b. 


= Us As often as any character is repeated, 
— III fo many limes its value* is repeated. 
= Jill or IV : A lefs character before a 
= V greater dimiuillics its value. 

= VI : A lefs character after a greater in- 
=r V11 creates its value. 


8 =- VIII 

9 = IX 
10 = X 
70 = I, 

100 = C 


500 = D or ID : For every D added, this be¬ 
comes 1 o times as many. 

1000 = M or ClD : For every C and D* fet one at 
2000 = MM [each end, it becomes to timesas much. 
5000 = IDD or V: A line over any number in- 
6000 = VI creafcs it 1000 fold. 

10000 = X or CCIOD 
50000 = I ODD 
60000 = Ex 
100000 = C or CCCIDDO 
1000000 = Mor CCCCJOOOO 
*000000 =s MM, &c. 


Creek 
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Greet Numerals • 

The Creeks had three ways of exprefltng numbers. 
Firft, The moft Ample was, for every Bugle letter, ac¬ 
cording to its place in the alphabet, to denote a number 
from «r. i to v a.|; in which manner the books of Ho¬ 
mer’s Ilian are diftingtiiihed. Secondly, Another way 
was by dividing the alphabet into (JirJl) 8 units, m i, 
fi 2, See ; (2nd) 8 tens, » io, x 20, &c ; (%d) 8 
hundreds, g ioo, r too, Sec : And thoufands they ex- 
preffed by a point or accent under a letter, as « iooo, 
j? 2000, See. Thirdly, A third way was by fix capi¬ 
tal letters, thus, t (■« for /***) i, n («r»m) 5, A (Ji*a) 
IO, H(Hix*io») too, X IOOO, M fptfttx) IOOOO: 

and when the letter II inclofed any of thefe, except.,I, 
it fhewed that the inclofed letter was five times its own 
value, as ji[ 50, J?l| joo, jx] 5000, [m[ 50C00. 

Hebrew Numerals. 

The Hebrew alphabet was divided into. Nine Units, 
as h 1, 3 2, &c ? Mine Tens, as * 10, a 20, &c ; Nine 
Hundreds, as p 100, t 200, See, *| 500, » 600, ; 700, 
»i 800, x yco. Thoufands were fometimes expreiled 
by the units prefixed to huudreds, as tVik 1534, &c; 
and even to tens, as pk 1070, &c. But more com¬ 
monly thoufands were exprefled by the word 1000, 

V* 

cr-rtN 2000; and n'S 's ««with the other numerals prefixed 

•i* A ’ i “I 

to fignify the number of thoufands, as 3000, 8 t c. 

Characters ufvd in Arithmetic and Algebra. 

The firft letters of the alphabet, a, b, c , &c, "denote 
given quantities; and the la it letters *, y, sc. See, 
denote fuch as are unknown or fought. Stifelius firft 
ufed the capitals A, B, C, &c, for the unknown or re¬ 
quired quantities. After that, Vieta ufed the capital 
vowels A, E, I, O, U, Y for the unknown or re¬ 
quired quantities, and the confonants B, C, D, &c, 
for known or given numbers. Harriot changed Vieta’s 
capitals into the fmall letters ,viz a, e, i, 0, u , for un¬ 
known, and b, c, d. See, for known quantities. And 
Defcartes changed Harriot’s vowels for the latter let¬ 
ters a, y, x. Sec, and the confonants for the leading 
letters a, b, c, d. Sec. 

Newton denotes the fcveral orders of the fluxions of 
variable quantities by as many points over the latter 
letters ■, 

as x, y, z arc the lit fluxions, 
x, ji, z are the 2d fluxions, 
x, y, z are the 3d fluxions, 

See, of .v, y, z. And Leibnitz denotes the dif¬ 
ferentials of the fame quantities by prefixing d to each 
of them, thus dx, dy, dec. 

Powers of quantities are denoted by placing the in¬ 
dex or exponent after them, towards the upper part; 
thus a 1 is the 2d power, a 1 the third power, and a n the 
n power of a. Dwphantus marked the powers by their 
initials, thus $*, x“, it 1 , &>’, «*’, 8c c, for dyaamis, cu- 
bus, dynamodynamis, Sec, or the ad, 3d, 4th, Sec 
powers; and the fame method has-been ufed by fe- 
veral of the caily writers, fince the introduction of Al¬ 
gebra into Europe: but the firft of them, as Paciolus, 
Cardan, Sec, ufed no mark for powers, but the words 
Vou I. 


themfelves. ■ Stifcl, and others about his time, ufed the 
initials or abbreviations, %r, 3, (f, 33, &c, of res or 
cofs, zenzus, cubus, zenzizenzus, See, barbarous cor¬ 
ruptions of the Italian cofa, cenfus, cuho, cenfi-cenfus, 

’ Sec. But he ufed alfo numeral exponents, both pofi- 
tive and negative, to the general characters or roots 
A, B, C, See. Bombelli ufed a half circle thus w . as a 
general character for the unknown or quantity requir¬ 
ed to be found in any question, and the fevcral powers 
of it he denoted by figures fet above it; thus £, j, 
are the ill, 2d, 3d powers of_; which powers he 
called dignities. Stevinus ufed a whole circle for the 
fame unknown quantity, with the numeral index within 
it, and that both integral and fractional; thus 0,<§), (2), 
are the o, 1, 2, 3 powers of the general quantity 
O 5 alfo ®, he ufes as the fquare root, cubic 

root, 4th root of the fame; 
and 0), the cube root of the fquare, 
and ©, the fquare root of the cube, and fo on. 

And thefe fractional exponents were adopted and far¬ 
ther ufed by his commentator Albert Girard. So that 
Stevinus ought to be efteemed the firft perfon who ren¬ 
dered general the notation of all powers and roots in 
the fame way, the former by integral, and the latter by 
fractional exponents. Harriot denoted his powers by ti 
repetition of the letters; thus a, aa, aaa. Sec. And: 
Defcartes, inftcad of this, fet the numeral index at the 
upper part of the letters, as at prefent thus a, a *, a 3 , 
8 cc. Though, I am informed, by fuch as have Teen 
Harriot’s pofthumous papers, that lie alfo there makes 
ufe of exponents. 

The character is the fign of radically, or of a 
root, being derived from the initial R or r, which was 
ufed at fint by Paciolus, Cardan, &c. This character 
*/ I firft find ufed by Stifcl, in 1544, and by* Robert 
Records in 1557. The character K / alone denotes the 
fquare root only ; but at firft they ufed the initial of 
the name after it, to denote the feveral roots: as v/ythe 

S uadrate or fquure root, and the cubic root. But 
le numeral indices of the root were prefixed by Albert 
Girard, exactly the fame aB they are ufed at prefentj 
vizi/, i/, yf, the 2d, 3d, or 4th root. 

The character 4* denotes addition, and a pofitive 
quantity. At firft the word itfelf was ufed, plus, piu, 
or the initial p. by Paciolus, Cardan, Tartalea, &c. 
And the character for addition occurs in Stifelius. 

The character — denotes fubtraction, and a nega¬ 
tive quantity; which alfo firft occurs in the fame au¬ 
thor Stifelius. Before that, the word minus, mene, or 
the initial /». was ufed. Other characters have alfo been 
fometimes ufed by other authors, for addition and fub- 
traCtion; but they are now no longer in ufe. 

X denotes multiplication, and was introduced by 
Ought red. 

■f denoting divifion, was introduced by Dr. Fell* 
Divifion is aim denoted like a fraction, 

thus -£-or — 2. 

* S 

= denotes equality, and was ufed by Robert Re- 
cordc. Defcartes ufes » for the fame purpofc. 

The character : « for proportionality, or equality of 
ratios, was introduced by Oughtred j M was alfia the 
mark 44 for continued proportion. 

Mi > for 
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> for greater, and < for left, were ufed byHarriot. 

And "3 and >3 were ufed by Ooghtred for the 
fame pnrpofcs. 

Dr. Fell ufed 6 - for involution * and M. for evolution, 
to denotes a general difference between any two 
quantities, and was introduced by Dr. Wallis. 

The Parenthefis ( ), as a vinculum, was invented 

fcyAlbert Girard, and ufed in fuch expreflions as thefe, 
1/(72 + v^? 120 )* an ^ ® (By + Cy), both for untver- 

fal roots, and multiplication, &c._ 

The ftraight-lined vinculum, , was ufed hy 

Victa for the fame purpofe ; thus A — B iuB-j-C. 


Clarallers in Geometry and 'Trigonometry. 


D A Square 

A ATiiangle 
r—1 A Rrftwgle 
O org A Ciicle 


Z. An Angle 
*— A Rightangle 
j_ Perpendicular 
|| Paiallcl. 


CHARGE, in Eleftricity, in a ftrift fenfe, imports 
the accumulation of the eleftric matter on one furfacc 
of an define, as the Leyden phial, a pane of glafs, &c, 
wliilft an e qual quantity pafl'es off from the oppofite fur- 
face. Or, more generally, cleftrics arc laid to be 
charged, when the equilibrium of the cleftric matter on 
the oppofite furface is deftroyed, by communicating 
one kind of cleftricity to one fide, and the contrary 
kind to the oppofite fide: nor can the equilibrium be 
reftored till a communication be made by means of con¬ 
dufting fubftances between the two oppofite furfaces: 
and when this is done, the eleftric is faid to be dif- 
chargcd. The charge properly refers to one fide, in con- 
tradiflinftion from the other 1 fince the whole quantity 
in the eleftric is the fame before and after the operation 
of charging; and the operation cannot fucceed, tmlefs 
what is gained on one fide is loft by the other, by means 
of conduftors applied to it, and communicating either 
with the earth, or with a fufficient number of non-elec¬ 
trics. To facilitate the communication of eleftricity to 
an eleftric plate &c, the oppofite furfaces are coated 
with fome condufting fubftance, ufually with tin-foil, 
within fome diftance of the edge; in confequcnce of 
which the eleftricity communicated to one part of the 
coating, is readily diffufed through all parts of the fur- 
face of the eleftric in contaft with it; and a difeharge 
is eafily made by forming a communication with any 
conductor from one coating to the other. If the oppo¬ 
fite coatings approach too near each other, the eleftric 
matter forces a pafiage From one furface to the other 
befote the charge is complete. And fome kinds of glafs 
have the property of condufting the eleftricity over the 
furface, fo that they are altogether unfit for the opera¬ 
tion of charging aud difeharging. If indeed the charge 
he too high, and the glafs plate or phial too thin, the 
^t^fraftion between the two oppofite eleftricities forces a 
pafiage through the glafs, making, a spontaneous dif¬ 
eharge, and the glafs becomes unfit for farther ufe. See 
Gonmiffon, EleSrict , Leyden Phial, &c. 

Chaxok, in Gunnery, the load of a piece of ord« 
nance, or the quantity of powder and ball, or (hot, with 
which it is prepared for execution. 

The charge of powder, for proving guns, is equal to 
the weight of the ball; but for fervicc, the charge is£ or | 


the weight of the ball, or dill left; and indeed in mnft 
cafes of fervice, the quantity of powder ufed is too great 
for the intended execution. In the Britifh navy, the 
allowance for 32 pounders is but , 7 of the weight ot 
the ball. But it is probable that, if the powder in all 
fhip guns wa3 reduced to { the weight of the ball, or 
even lefs, it would be a confiderable advantage, not only 
by faving ammunition, but by keeping the guns cooler 
and quieter, aud at the fame time more effectually injur¬ 
ing the vcficls of the enemy. Willi the prefont allow¬ 
ance of powder, the guns are heated, and their tackle 
and furniture {trained, and all this only to render the ball 
lefs efficacious; for‘a hall which can but juft paft 
through a piece of timber, and in the patfage lofes almoft 
all its motion, is found to rend and fracture it much 
more, than when it pall'es through with a much greater 
velocity. See Robins’s Trails, Vol. i.p.t. 29a, 291. 

Again, the fame author ohfetves, that the charge is 
not to be determined hy the great eft velocity that maybe 
produced; but that it fluuild he fuch a quantity of 
powder as will produce the haft velocity neccflary for 
the purpofe in view; and if. tlu* windage be model ate, 
no field piece (hoitld ever he loaded with more than 
tor at the utmoft ‘ of the weight of its hall in powder ; 
nor fhould the eli.i ge of any battel ing piece exceed j of 
the weight of its bullet. Jb. pa. 266. 

Different charges of powder, with the fame weight 
of ball, produce different velocities in the hall, which 
arc in the fubduplicate ratio of the weights of powder; 
and when the weight of powder is the lame, and the hall 
varied, the velocity produced is in the reciprocal fubdu¬ 
plicate ratio of the weight of the ball: which is agree¬ 
able both to theory and praftice. See my paper on 
Gunpowder in the.Philof. Trauf. 1 778, pa. 50; aud my 
Trafts, vol. 1. pa. 266. 

But this is on a fuppofition that the gun is of 
an indefinite length; whereas, on account of the li¬ 
mited length of guns, there is fome variation from this 
law in praftice, as well as in theory ; iti confequcnce of 
which it Appears that the velocity of the ball increafes 
with the charge only to a certain point, which is peculiar 
to each gun, where the velocity is the greateft; aud that 
by farther increafing the charge, the velocity gradually 
duninifties, till the bore is quite full of powder. By an 
eafy fluxionary procefs it appears that, calling the length 
of the bore of the gun i, the length of the charge pro¬ 
ducing the greateft velocity, ought to be - - g ^ g jg -~- , 

or about 4 the length of the bore ; where 
2*718281828 is the number whofe hyp. log. is 1. But, 
for foveral rcafons, in praftice the length of the charge 
producing the greateft velocity, falls fliort of that above 
mentioned, and the more fo as the gun is longer. From 
many expaaments I have found the length of the chgre- 

! traducing the greateft velocity, in guns of various 
engths-of bore, from 15 to 40 calibres, as follows. 


Length of Bore 
iu Calibres. 


Length of Chirge 
for greateft Vcloc. 


*5 

20 

30 

40 


Y* 

CHARLES’? 
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CHARLES'! WAIN, a name by which fome of 
the aftronomical writers, in our own language,-have 
called Urfa Major, or the great bear; though fome 
writers fay the Idler bear. Indeed both of the two 
bears have been called waggons or wains, and by the 
Latins, who' have followed the Arabians, two biers, 
perftrum majus & minus. 

CHART, or Spa-Chart, a hydrographical or fea- 
map, for the ufe of navigators ; being a projection of 
fome part of the fca in piano, /hewing the fea courts, 
rocks, fanda, bearings, &c. Fournier aferibes the in¬ 
vention of fca-charts to Henry fon of John king of Por¬ 
tugal. Thrie chart.; are of various kinds, the Plain chart, 
Mercator’s or Wright's chart, the Globular chart, &c. 

In the conftriidtiun of charts, great care ii ould be 
taken that the fevcral parts of them preferve their po- 
fition to one another, in the fame order as on the earth; 
and it is probable that the finding out of proper methods 
to do this, gave rife to the various modes of pi ojc&ion. 

There are many ways of conftru&ing maps and 
charts; but they depend chiefly on two principles. 
Firft, by confidering the earth as a large extended flat 
furface; and the charts made on this fuppo/ition are 
ufually called Plain Charts. Secondly, by confidering 
the earth as a fphere; and the charts made on this prin¬ 
ciple are fometimes called Globular Charts, or Merca¬ 
tor’s Charts, or Reduced Charts, or Projected Charts. 

Plain Charts have the meridians, as well as the paral¬ 
lels of latitude, drawn parallel to each other, and the 
degrees of longitude and latitude everywhere equal to 
thofe at the equator. And therefore luch charts mull 
be deficient in fevcral refpeCh*;. For, ift, fince in reality 
all tlur meridians meet in the poles, it is abfurd to re- 
prefent them, cfpccially in lar L v : ! arts, by parallel right 
lines. 2dlv, As plain cherts /bee.- the degrees of the fe- 
veral parallels as equal to thofe of the equator, therefore 
the diftances of places lying cart and weft, niuft be repre- 
fented much larger than they really are. And sjdly. In 
a plain chart, bile the fame rhumb is kept, the vcficl 
appears to fail on a great circle, which is not really the 
calc. Yet plain charts made for a linall extent, as a 
few degrees tn length ami breadth, may be tolerably cx- 
aCl, cfpccially for any part within the torrid zone; 
and even a plain chart made for the whole of this zone 
will differ but little from the truth. 

Mercator’s Chart, like the plain charts, has the meri¬ 
dians reprefented by parallel right lines, and the de¬ 
grees of the parallels, or longitude, everywhere equal to 
thofe at the equator, fo that they are iucrenfed more 
and more, above their natural fr/.e, as they approach to¬ 
wards the pole; but then the degrees of the meridians, 
or of latitude, are inertafed in the fame proportion at 
the fame part ; fo that the fame proportion is preferved 
between them as on the globe itfelf. This chart has 
its name from that of the author, Girard Mercator, 
who firft propofol it for ufe in the year 1556, and made 
the firft chart* of this kind; though they were not al¬ 
together on true or exaCt principles, nor does it ap¬ 
pear that he perfectly underflood them. Neither indeed 
was the thought originally his own, viz. of length¬ 
ening the degrees of the meridian in fome proportion s 
for this was hinted by Ptolemy near two thoufand year; 
ago. It was not perfeCled however till Ms. Wright 


firft demonftrated it about the year 1590, and fttewed a 
ready way of conftruCHng it, by enlarging the meridian 
line by the continual addition of tlicfccants. See his 
Correction of Errors in Navigation, publiihed in 1599. 

Globular Chart, is a projection fo called from the con¬ 
formity it bears to the globe itfelf; and was propofed 
Ly Meffrs Scnex, Wilfon, and Harris. This is a meri¬ 
dional projection, in which the parallels art equidiftant 
circles, having the pole for their common centre, and 
'the meridians curvilinear and inclined, fo as all to meet 
in the pole, or common centre of the parallels. : B 7 
which means the fevcral parts of the earth have their 
proper proportion of magnitude, diftancc, and fituation, 
nearly thc.lame us on the globe itfelf; which renders it 
a" good method for geographical maps. 

Hydrographical Charts, are /beets of large paper, on 
which fevcral parts of the l^nd and fea are dc/cribed, 
with their refpedtive coafts, harbours, founds, flats, 
rocks, /helves, lands. See, a'fo the points of the compafs, 
and the latitudes and longitudes of the places. 

Stenographic Charts , arc particular deferiptions of the 
appearances, fpots and macula: of the moon. 

Topographic Charts , are draughts of fome lmall parts 
only of the earth, or of finne particular place, without 
regard to its relative fituation, as London, York, 8 c c. 

For the ConftrudUon of Charts, fee Geography, 
Maps, Projection, &c. 

CH \ SE, of a Gun, is its bore or cylinder. 

CHAtTLNES (The Duke De), a peer of France, 
but more honourable and remarkable as an aftronomer 
and mathematician. He was bom at Paris Dec. 30,1714. 
He foon difeovered a Angular tafte and genius for the 
fcienccs; and in the tumults of armies and camps, he 
cultivated mathematics, aftronomy, mechanics, See. He 
was namedhonorary-academieian the 27th of Februaiy 
1743, and few members were more pundlual in attend¬ 
ing the meetings of that body ; where he often brought 
different conftruCtions and corrections of iriftruments of 
aftronomy, of dioptrics, and achromatic teltfcopes, 
Thofe refcarches w ere billowed with a new pr.rnllaCtic 
machine, more folid and convenient than thofe that were 
in ufe ; as alfo with many reflections on the manner of 
applying the micrometer to thofe telcfcop* s, and of mea- 
furing exactly the value of the parts of that inftrument. 
The dukcof Chaulnes propofed many other works cf the 
fame kind,when deathfurprifed him the 23d Sept. 1769. 

He had fcveral papers publi/hed in the volumes of 
Memoirs of the Academy of Sciences, as follow : 

1. Olifervations on fome Experiments in the 4th part 
of the 2d book of Newton’s Optics: an. 1735. 

2. Obfervations on the Platform for dividing roailio- 
matical inftruments: 1765. 

3. Determination of the diftanee of ArClunis from 
the Sun’s limb, at the t'ummer full!ice: 1765. 

• 4. On fome means of perfecting aftronomical inftru- 
ments; 1765. 

5. O fome experiments relative to dioptrics : 1767. 

6. The art ot dividing mathematical inftruments: 

1768. 

7. Obfervations of theTranfit of Venus, June, 3,17696 

1769. 

8. New method of dividing mathematical and aftro¬ 
nomical inftruments. 

Nn 2 CHAUSE 
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tittAUSE TRAPPES, or Caltrops, br Crotvsjiet, 
are iron iuftrumeirta of fpikts about 4 t'fiehes long, made 
like a ftar, in fuch a manner that whichever way they 
fall, one point Hands always upwards, like a nail. They 
are ufuauv thrown and fcattered into moats and breach¬ 
es, to gall the horfes feet, and Hop the hafty approach 
of the enemy. 

CHA 2 ELLES (JohN MATtHtw), a Trench 
mathematician and engineer, was born at Lyons in 
1657, and educated there m the college flf Jefuits, from 
whence he removed to Paris ih I075. He firft be¬ 
came acquainted with Du Hamel, fecretary to the 
Academy of Sciences, and through him with Caflini, 
who employed him with himfclf at the Obfcrvatory, 
where Chazelles greatly improved himfelf, and alfo af- 
fiited Caflini in the meafurement of the fouthem part 
of the meridian of France. Having, 101684, inftrufted 
the duke of -Montemar in the mathematical fciences, 
'this nobleman procured him the appointment of hydro- 
graphy-profeffor to the galleys ofMarfciUes. In dif- 
chargmg the duties of this department, he made nu¬ 
merous geometrical and aftronorttical obfervations, from 
which he drew a new m'fp of the coaft of Provence.-— 
He alfo performed many other fervices in that depart¬ 
ment, and as an engineer, along with the armies and 
'naval expeditions. To make obfervations in Geogra- 
and Aftronomy, he undertook alfo a Voyage to the 
ant, and among other things he meafurta the py¬ 
ramids of Egypt, 'and found'the'four (ides df the largcft 
of them exactly to face tlie four cardinal points of the 
compafs. He made a report of his voyage, on his re¬ 
turn, to the Academy of Sciences, upon which he was 
named a member of their body in 1695, and hadmany 
papers inferted in the volumes of their Memoirs, from 
1693 to 1708. Chazelles died at MarfeiUes the 16th 
of January 1710. 

CHEMIN des Ronds, in Fortification, the way of 
the rounds, or a fpace between the rampart and the 
low parapet under it, for the rounds to go about it. 

CHEMISE, a wall that lines a baftion, or ditch, Or 
the like, for its greater fupport and llrength. 

CHERSONESUS, a peninfula, or part of the land 
almoft encompafled round with the fea, only joining to 
the main land by a narrow neck or iilhmus. VarCnius 
enumerates 14 of thefe. 

CHEVAL de Frife, pi. Chevaux de Frife, or Frife- 
land horle, fo called becaufe it was firft ufed in that 
country. It confifta of a joift or piece of timber, 
about a foot in diameter, and 10 or 12 long, pierced 
and tranfverfed with a great number of wooden fpikes 
of y or 6 feet long, and armed or pointed with iron. 
It is fometimes alfo called tumpile, or tourniquet. It is 
chiefly ufed to ftop a breach, defend a pafiage, or make 
a retrenchment to ftop the cavalry. 

CHEVRE’fTE, in Artillery, an engine to raife 
guns or mortars into their carriage. It is formed of 
two pieces of wood of about 4 feet long, (landing up¬ 
right upon a third, which is fquare. The uprights are 
about a foot afunder, and pierced with holes exa&ly 
oppofite to one another, to receive a bolt of iron, which 
is. put in either higher or lower at pleafnre, to ferve as 
a rapport to a handfpike by which the gun is railed 


CHEYNE (George), a Britiih phyftcnm, and ma¬ 
thematician, was born in Scotland, 1671, and educated 
at Edinburgh under Dr. Pitcairn. He pafled his 
youth in clofe ftody and great abftemioufiids ; but 
coming to London, when about 30 years of age, he 
fuddenly changed his whole manner of living; wbidj 
had fuch an effect upon his conftitution, that his body 
grew to a molt enormous bulk, weighing it is faid 
about 448 pounds. From this load of opprdfion how¬ 
ever he was afterward in a great meafurc relieved, by 
means of a milk and vegetable diet, which reduced hit 
weight to about one-third of what it had been, and re- 
ftored him to a good (late of health; by which liis life 
Was prolonged to the 72d year of his age. 

Dr. Cheyne was author of various medical and other 
traCls, and of a trcatiic on the Jnverfe method of 
Fluxions, uuder the title df Fluxionum Mrthodus Inver* 
J'n ; Jive quontitattm Jhsentlum leges gencraliorts .• in 4 t o , 
1703. Upon this book De Moivre wrote fome ani- 
Inadvcrfions in an flvo vol. 1704 ; which were replied 
toby Cheyne m 1705. 

CHILIAD, au aflemhlagcof fevcral things ranged 
by thoufands. It was particularly applied to tables of 
logarithms, becaufe they were at ttrll divided into thou¬ 
fands. Thus, in the year 1624, Mr. Briggs publilhcd 
a table of logarithms for 20 chiliads of abfolute num¬ 
bers; afterward, he publiihed 10 chiliads more; and 
laftly, one fnore ; making in all 31 chiliads. 

CHI 1.1 AG ON, a regular plane figure of a thoufaad 
fides and angles. 
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CHORD, a right line connecting the two extremes 
of an arch ; fo called from its refemblance to the chord 
or firing of-a bow; as AB, which is common to the 
two part8 or arches ADB, AEB that make up the 
whole circle. The chords have fcveral properties: 

1. The Chord is bifefted by a perpendicular CF 
drawn to it from the centre. 

2. Chords of equal arcs, in the fame or equal circles, 
arc tbemfclves equal. 

3. Unequal Chords have to one another a lefs ratio 
than that of their arcs. 

4. The chord of an arc, is a mean proportional be¬ 
tween the diameter and the verfed line of that arc. 

Scale or Fine of Chords. See Plane Scale. 

Chord, or Cord, in Mufic, denotes theftring or 
line by whofe vibrations the fenfation of found is ex¬ 
cited ; and by whofe divifions the feveral degrees o 

tune arc determined. 

» 

To divide a Chord AB m the mqfl Jtmplc manner, fo eu 
■to exhibit all the original coeuords. 

A C E D B 

»"""" ...t 1 

Divide 
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Divide the given line into two equal part# atC; that 
fubdivlde the jpart CB equally in two at D, and again 
the part CD into^lWo equal parts at E. Here AC to 
AB is an oCtave; AC to AD a fifth; AD to AB a 
fourth ; AC to AE a greater third, and AE to AD a 
lefs third j AE to EB a greater fixth, and AE to AB 
a lefs forth. Malcolm’s Treatifc of Mufic, ch. 6. fee. 3. 
See Monochoro. 

To Jind the number of Vibrations made by a Afufical 
Chordor String in a given time; having given its weight, 
length, and tcnfion. Let / be the length of the chord 
in feet, 1 its weight, or rather a fmali weight fixed to 
the middle and equal to that of the whole chord, and 
w the tenfion, or a weight by which the chord is 
llretched. Then ihall the tune of one vibration be ex- 


preffed by , and confequently the number 


of vibrations per fecond is equal to V, y' 




For example, fuppofe no = 28800, or the tenfion 
equal to 28800 times the weight of the chord, and the 
length of it 3 feet; then the Jaft theorem gives 354 
nearly for the number of vibrations made in each fecond 
of time. 

But if no were 14400, there would be made but 250 
vibrations per fecond ; and if no were only 288, there 
would be no more than 35 ! f vibrations per fecond. 
See my SelcCt F.xerc. prob. 21. pag. 200. 

Chord, in Mufic, is ufed for the union of two or 
more founds uttered at the fame time, and forming to* 
getlier a complete harmony. 

Chords are divided into perfect and imperfefl. The 
perfett chord is compofed of the fundamental found 
below, of its third, its fifth, and its o&ave : they are 
likewife fubdivided into major and minor, according as 
the thirds which enter into their compofition are flat 
or fharp. ImperfcCt chords are thofe in which the 
fixth, inftead of the fifth, prevails; and in general all 
thofe whofe loweft are not their fundamental founds. 

Chords are again divided into confonances and dif- 
fonances. The confonances are the perfect chord, and its 
derivatives. Every other chord is a difibnance. A table 
of both, according to the fyftem of M. Rameau, may 
be fern in Rouffcau's Mufical Dictionary, vol. 1, pa. 27. 

CHOROGRAPHY, the art of delineating or de- 
feribing fome particular country or province. 

This differs from geography .as the ddcription of 
a particular country differs from that of the whole 
earth: And from topography, as the defeription of a 
country differs from that of a town or a diltritt. 

CHROMATIC, a fpecics of mufic which proceeds 
by femitones and minor thirds. The word is derived 
from the Greek jw*f*“* which fignifies colour, and per¬ 
haps the fhade or intermediate mades of colour, which 
mingle and connect colours, like as the fmali intervals 
in thiR fcak eafily Aide or run into each other. 

Boethius and Zarlin aferibe the invention of the 
chromatic genua to Timotheus, a Milefian, in the time 
of Alexander the Great. The Spartans banifhed it 
their city on account of its foftnefs. The chara&er of 
this genus, according to Arrftidea QuintiUianus, was 
fwcctnefs and, pathos. 


CHROMATICS, is that part of optics which eat- 
pUuns the fevend properties of the colours of light, and 
of natural bodies. 

Before the .time of Sir I. Newton, the notions con¬ 
cerning colour were very vague and wild. The Pytha¬ 
goreans called colour the (uperficies of bodies: Plato 
laid that it was a flame iffiAag from them: According to 
Zeno, it is the firfl configuration of matter ; . nd Aril* 
totle laid it was that which made bodies a&ually tranf- 

{ >arent. Dcfcartes accounted colour a modification of 
ight, and he imagined that the difference of colour pro¬ 
ceeds from the prevalence of the direct or rotatory mo¬ 
tion of the particles of fight. Grimaldi, Dechales, and 
many others, imagined that the differences of colour de¬ 
pended upon the quick or flow vibrations of a certain 
elaflic medium with which the univerfe is filled. Ro- 
hault conceived, that the different colours were made 
by the rays of light entering the eye at different angles 
with refpeCt to the optic axis. A nd Dr. Hooke ima- 

f fined that colour is caufcd by the fisnfation of the ob- 
ique or uneven pulfe of light; which being capable of 
no more than two varieties, he concluded there could 
be no more than two primary colours. 

Sir I. Newton, in the year 1666, began to inveftigate 
this fubjeft; when finding that the coloured image of 
the fun, farmed by a glafs prifm, was of an oblong, and 
not of a circular form, as, according to the laws ofequal 
refraction, it ought to be, he conjectured that light is 
not homogeneal; but that it confiits of rays of different 
colours, and endued with divers degrees of refrangibi- 
lity. And, from a farther profecution of his experi¬ 
ments, he concluded that the different colours of bodies 
arife from their reflecting this or that kind of rays moft 
copioufly. This method of accounting for the differ¬ 
ent colours of bodies foon became generally adopted, 
and ftill continues to be the moil prevailing opinion. It 
is hence agreed that the light of the fun, which to us 
feems white and perfectly homogeneal, is compofed of 
no fewer than feven different colours, viz red, orange, 
yellow, green, blue, purple, and violet or indigo : that 
a body which appears of a red colour, has the property 
of reflecting the red rays more jilentifully than the reft; 
and fo of the other colours, the orange, yellow, green, 
&c: alfo that a body which appears black, initead of 
reflecting, abforbs all or the molt part of the rays that 
fall upon it; while, on the contrary, a body wliich ap¬ 
pears white, reflects the greateft part of all the rays in- 
difcriminatcly, without feparating them oue from ano¬ 
ther. 

The foundation of a rational theory of colours being 
thus laid, the next inquiry' was, by what peculiar me- 
chanifm, in the llruCture of each particular body, it 
was fitted to refleCt one kind of rays more than another; 
and this is attributed, by Sir 1 . Newton, to the ticnluy 
of thefe bodies. Dr. Hoo’. ' had remarked, that thin . 
tranfparent fubftances, particularly foap-water blown 
into bubbles, exhibited various colours, according to 
their thinnefs; and yet, when they have a coafiderable 
degree of thicknefs, they appear colourkfe. And Sir 
Ifaac himfelf had obferved, that -as he was com- 
preffing two prifiss hard together, .in order to make 
their fides (which happened to be ,a little convex) to 
touch one aaothcr,.ia the place of -contact they were 

both 
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bo$ perfectly tranfparent, as if they had been but one 
continued piece of glafs: but round the point of contaCt, 
where the glafles were a little feparated from each 
other, rings of different colours appeared. And when 
he afterwards, farther to elucidate this spatter, employ¬ 
ed two -convex glafles of telefcopes, prefling their con¬ 
vex fides uponoTur.mother, he obferved feveral feries of 
-circles or ripgs of inch colours, different, and of various 
uttenfitits, according to their diftance from the com¬ 
mon central pellucid point of contact. 

As the colours were thus found to vary according to 
the different diitances between the glafs plates, Sir Il’aac 
conceived that they proceeded from the different thick- 
r.efs of the plate of air intercepted between the glafles; 
■this plate of air being, by the mere circumihuice of 
thinnefsor thicknels, difpofed to reflect or tra.nl'*; ;it the 
rays of this or that particular colour. Hence therefore 
he concluded, that the colours of all natural bodies de¬ 
pend on their denfily, or the magnitude of their com¬ 
ponent par iclcs: and hence alio he conftruCted a table, 
in which the thicknels of a plate necelfary to reflect any 
particular colour, was exprefled in millionth parts of an 
inch. 

From a great variety of fitch experiments, and ob¬ 
servations upon them, our author deduced his theory 
of colours. And hence it Teems that every fubftance 
in nature is tranfparent, provided it be made fufiiciently 
thin; as gold, the denied fubftance we know of, when 
-reduced into thin leaves, tranfmits a bluiih-grcen light 
through it. If we fuppofe any body therefore, as gold 
for inftar.ee, to be divided into a vafl number of plates, 
£3 thin as to be almoft perfectly tranfparent; it is evi¬ 
dent that all, or the greatcit part of the rays, will pals 
through the upper plates, and when they lofe their 
force will be reflected from the under ones. They will 
then, have the fame number of plates to pafs through 
which they had penetrated before; and thus, according 
to the number of tliofe plates through which they are 
obliged to pafs, the objeCt appears of this or that colour, 
juft as the rings of colours appeared different in the ex¬ 
periment of the two plates, according to their diftance 
front .one another, or the thicknels of the plate of air 
between them. . 

This theory of the colours has been illuftratcd and 
confirmed by various experiments, made by other phy- 
lofophcrs. Mr. F-. H. Dclaval produced ltmilar effects 
by the infuftons of flowers of different colours, and by 
the intimate mixture of the metals with the fubftance 
of glafs, when they are reduced to very fine parts ; the 
more denfe metals imparting to the glafs the lefs refran¬ 
gible colours, and the .lighter ones thofc colours that are 
more eafily refrangible. Dr. Prieftley and Mr. Canton 
alfo, by laying very thin leaves or flips of the, metals upon 
glafs, ivory, wood, or metal, and palling an eleCtrical 
■ftroke through them, found that the fame cffcCt was 

J produced, via, .that the Arbitrated was tinged with diff¬ 
erent colours, according to the diftance from the point 
of explohou. 

However, the Abbe Mazeaa and M. du Tour con¬ 
tended, that the colours .between the glafles are not to 
be aferibed to the thin ftratumof air, finee they equally 
produced them by rubbing and prefling together two 
iUt glalle^ which cohered £0 elofely that it required 


the greateft force to move or Hide them over one ano¬ 
ther. See PrielUey’s Hiftory of Vilion. 

Of Newton's 8 th Exper. in the uPttoof of Optics . ‘ 

The event of this experiment, which has been con¬ 
tradicted by repetitions of the fame by other philulb- 
phers, having been the occaiion of much controvcrfy; 
and relating to a material part of the doCtriue of chro¬ 
matics, it will not be improper here to give an account 
of what has paffed concerning it. Newton found, he 
fays, that when light, by contrary refraCtious through 
different mediums,is fo corrected, that it emerges in lines 
parallel to the incident rays, it continues ever after to 
be white. But that if the emergent rays be inclined 
to the incident ones, the whitenefs of the emerging 
light will, by degrees, in palling on from the place of 
emeigoucc, become tinged at its edges with colours. 
And thefe laws he inferred from experiments made by 
refracting light with prifins of glafs, placed within a 
prifinatic veffel of water. 

By theorems deduced from this experiment he infers, 
that the refraction of the rays of every fort, made out 
of any medium into air, are known by having the re¬ 
fraction of the rays of any one fort: and alfo, that the 
refradtion out of one medium into another is found, 
whenever we hare the refractions out of them both, 
into any third medium. 

Now the fame experiment, when fince performed by 
other perfons, turning out contrary' to what is Hated 
above, fome rather free reflections have been thrown 
upon Newton concerning it; but which however have 
been very fatisfaCtorily obviated by Mr. Peter Dollond, 
in a late pamphlet on this fubject; as we fliall fhew 
below. 

In the firft place then, M. Klingenftiema, a Swediflt 
philofopher, having in the year 1755 confiJcred the 
controverfy between Euler and Mr. John Dollond, re¬ 
lative to the refraction of light, formed a theorem of 
his own, from geometrical reafoning, by which he was 
induced to believe that the refult of Newton’s experi- - 
ment could not be as he had related it ; except when 
the angles of the refraCting mediums are fmall. See 
the paper on this matter by Klingenftiema in the pam¬ 
phlet above cited by Mr. Peter Dollond. 

This paper of Klingenftiema being communicated to 
Mr. John Dollond by Mr. Mallet, to whom it was lent 
for that purpole, made Dollond entertain doubts con¬ 
cerning Newton’s report of the refult of his experi¬ 
ment, and determined him to have rccourfe to experi¬ 
ments of his own, which he did in the year 1757, as 
follows. 

He cemented two glafs planes together by their 
edges, fo as to form a prtfmatic veffel when clofed at the 
ends or bafes; and the edge being turned downward, 
he placed it in a glafs prifm with one of its edges up¬ 
ward, filling up the vacancy with clear water; fo that 
the refraction of the prifm was contrived to he contrary 
to that of the water, m order that a ray of light, tranf- 
mitted through both thefe refraCting mediums, might 
be affeCted by the difference only between the two re¬ 
fractions. As he found the water to refraCt more or 
lefs than the glafs prifm, he diminifhed or augmented 
the angle between the glafs plates, till the two contrary 
refractions became equal, which he difeovered by view- 



CHR [ 279 3 C H R 


Ing an objcA through this double prifm. For when it 
appeared neither raifed nor depreffed, he was fatisfied 
that the refractions were equal, and thaf the emergent, 
rays were parallel to the incident ones. 

Now, according to the prevailing opinion, h* ob- 
fervc6, that the objeCt ought to ha e appeared. through » 
tiiis double prifm in its natural colour ; for if" the dif¬ 
ference of reft angibility had been in all. refpeCts equal, 
in the two equal refractions, they would have rectified 
each other. But this experiment fully proved the fal¬ 
lacy of the received opinion, by (hewing that the diver¬ 
gency of the light by the glafs, prifm, was alinoft double 
of that by the water; for the image of the objeCt, 
though not at all refrafled, was yet as much infefted 
with prifmatic colon is, as if it had been feen through a 
glaf( wedge only, having its angle of near 30 degrees. 

This cxpei ilnent is the very fame with that of Sir 
If.i.ic Newton above-mentioned, not with (lauding the re¬ 
fill- was fo remarkably different. Mr. Dollond plainly 
faw however,, that if the rofraAiiig angle of the water- 
VvfTel could have admittc<l of a itiflicient incicafe, the 
di veigeuev of the coloured rays would have been great¬ 
ly din iiiTiried, or entirely nAifivd; ard that there 
would have been a very great rcfra&iou without colour, 
as Ik hud already produced a great difcolouring with¬ 
out refraction : but the inconvenicncy of fo large an 
angle as that of the piifmatic veflcl muff liavc been, to 
bring the light to an equal divergency with that of the 
glafs prifm, whole angle was about 60 degrees, made 
it ncceflary to try fome experiments of the fame kind 
with fmaller angles. 

Accordingly he procured a wedge of platc-glafs, 
whofe angle was only 9 degrees; and, ufing it in the 
fame circumilanccs, lie incrcafcd the angle of the wa¬ 
ter-wedge, in which it was placed, till the divergency 
of the light by the water was equal to that by the 
glafs; that is, till the image of the objedt, though con- 
fiderably refra&ed by the excefs of the refra&ion of 
the water, appeared nevcrthclcfs quite free from any 
colours proceeding from the different refi angibility of 
the light. 

Many conjeftures were made as to the caufe of fo 
ill iking a difference in the refults of the fame expert*• 
tnent; but nunc that gave any great fatisfa&ion, till 
lately that it has been (hewn to be probably owing to 
the nature of the glafs then ufed by Newton. This 
conjecture is made by Mr. Peter Dollond, fon of John, 
the inventor of the achromatic ttlcfcopc, in a pamphlet 
by him lately publifhed in defence of his father’s in¬ 
vention, agamft the mifreprefentations of fome perfons 
who have unjuflly attempted to give the invention to 
other philofopliers, who thcmfelves never imagined that 
they had any right to it. After a full and fatisfactory 
vindication of his father, Mr. P. Dollond then adds, 

“ I now come to a more agreeable part of this paper, 
which is, to endeavour to reconcile the different refults of 
the 8th experiment of the 2d part of the ift book of 
Newton’s Optics, as related by himfclf, and as it was 
found by Dollond, when he tried the fame experiment, in 
the year 1757. Newton fays, that light, as often as by 
contrary refra&ions it is fo corrc&ed, that it emergeth 
in lines parallel to the incident, continues ever after to 
be wliite. Now Dollond fays, when he tried the fame 


experiment, and made the mean refrafiion of the urate^> 
equal totfcat of the glafs prifm* fo that the light emer¬ 
ged in lines parallel to the incident, he found the diver¬ 
gency of the light by the glafs prifm to be nearly 
double to what it was by the water prifm. The light ap- 

{ jeared to be fo evidently coloured, that it was diredUy 
aid by fome perfons, that if Newton had actually tried 
the experiment, he mult have perceived it to have been 
fo. Yet who could for a moment doubt the veracity 
cl fuch a character ? Therefore different conjectures 
were made by different perfons. Mr. Murdoch in par¬ 
ticular gave a paper to the Royal Soc iety in defence of 
Newton; but it was foch as very little tended to clear 
up the matter. Philof. Tranf. vol. 53. pa. 192.--Some 
have fuppofed that Newton made uie of water ftrongly. 
impregnated with facchanim faturni, becaufe he men* 
tions lometimcs ufing fuch water, to increafe the re¬ 
fraction, when he ufed water prifms inftead of glafs. 
prifms. Newton’s Opt. pa. 62.—-And others have fup¬ 
pofed, that he tried the experiment with fo ftrong a 
perfuafion in his ow n mind that the divergency of the. 
colours was always in the fame proportion to the mean 
rcfraAion, in all forts of refratting mediums, that he 
did not attend fo much to that experiment as he ought 
to have done, or as he ufually did. None of thtfe fup- 
pofuions having appeared at all fatiafaflory, I have 
therefore endeavoured to find out the true caufe of the 
difference, and thereby fhew, how the experiment may 
be made to agree with Newton’s defeription of it, and 
to get n\l of thofe doubts, which have hitherto re¬ 
mained to be cleared up.. 

“ It is well known, that in Newton’s time the Eng- 
lifh were not the moil famous for making optical in- 
ftruments: Tclefcopes, opera-glaffes, &c, were import¬ 
ed from Italy in great numbers, and particularly front 
Venice; where they manufa&ured a kind of glafs which 
was much more proper for optical purpofes than any 
made in England at that time. The glafs made at 
Venice was nearly of the fame refra&ive quality as our 
own crown, glafs, but of a much better colour, being 
fufficiently clear and tranfparcnt for the puipofe ox 
prifms. It is probable that Newton’s prifms were made 
with this kind of glafs; and it appears to be the more 
fo, becaufe he mentions the fpiciiic gravity of common 
glafs to be to water as 2*58 to i, Newton’s Opt. pa. 
247, which nearly anfwtrs to the fpecific gravity we 
find the Venetian glafs generally to have., Having a 
very thick plate .of this kind of glafs, which was pre- 
fented to me about 25 years ago hy the late profeffor 
Allcmaiid, of Leyden, and which he then informed me 
had been made many years j I cut a piece from this 
plate of glafs to form a ppfm, which I conceived would.. 
be.fimilar totjiofe made ufeof hy Newton himfclf. I 
have tried the Newtonian experiment with this prifm, 
and find it anfw.ers fo nearly to what Newton relate?, 
that the difference which remains may very eafily be 
fuppofed to arife from any little difference which may 
and docs often happen in the fame kind of glafs made 
at tin; fame place at different timet. Now the glafs 
prifm made ufe of by Dollond to try the fame experi¬ 
ment, wa® niade of Englilh flint-glafs, the fpecific 
gravity of which I have never known to be lefa than 
3*22. This difference in the denfities of the prifms. 



CHR [ *9o ] CHR 


ufed by Newton and Dollond, was fufficient to caufe 
ail the difference which appeared to the two experimen¬ 
ters in trying the fame experiment. 

“ From this it appears, that Newton was accurate 
in this experiment as in all others, and that his not hav¬ 
ing difeovered that, which was difeovered by Dollond 
fo many years afterwards, was owing entirely to acci¬ 
dent ; for if his prifm had been made of glafs of a 
greater or lefs denfity, he would certainly nave then 
made the difeovery, and refra&ing tclcfcopcs would 
pot have remained fo long in their original imperfedt 
date.*' Sec Achromatic , afta Trhfcope. 

Mr. DelavaPs expert aunts on the colours of opaque 
bodies. —Iiefide the experiments of this gentleman, be¬ 
fore-mentioned, on the colours of tranfparent bodies, he 
Iia3 lately publiihed an account of lbme made upon the 
permanent colours of opaque fubitances, the difeovery 
of which mufl: be of the utmott confcquencc in the arts 
of colour- making and dyeing. 

The changes of colour in permanently coloured bo¬ 
dies, our author obfetves, are produced by the fume 
laws that take place in tranfparcnt colourlcfs fub- 
ftancts; and the experiments by which they are invef- 
tigated confift chiefly of various methods of uniting 
the colouring particles into larger maffes, or dividing 
them into fmailer ones. >Sir Itaac Newton made his 
experiments chiefly on tranfparcnt fubilanccs; and in 
the few places where he treats of others, he acknow¬ 
ledges lus want of experiments. He makes the fol¬ 
lowing remark however on thofe bodies which reflect 
one kind of light and tranfmit. another, viz, that if 
thefe glades or liquors were fo thick and maffy that no 
light could get through them, he quellioned whether 
they would not, like other opaque bodies, appear of one 
and the fame colour in all pofitjons of the eye; though 
he could not yet affirm it from experience. Indeed it 
was the opinion of this great philofopher, that all co¬ 
loured matter refledts the rays of light, fome refle&ing 
the more refrangible rays moft copioufly, and others 
thofe that are lefs fo; and that this is at once the true 
and only neafon of thefe colours. He was likewife of 
opinion that opaque bodies refledt the light from their 
anterior furface, by fome power of the body evenly 
diffufed over and external to it. With refpedt to trani- 
parent coloured bodies he thus expreffes himfelf: “ A 
tranfparent body which looks of any colour hy tranf- 
mitted light, may alfo look of the lame colour by re- 
flefted light; the light of that colour being reflect'd 
by the farther furface of that body, or by the air be¬ 
yond it: and then the refledted colour will be diminiflt- 
ed, and perhaps ceafe, by making the body very thick, 
and pitching it on the back-ftde to diminifh the reflec¬ 
tion of its farther furface, fo that the light reflected 
from the tinging particles may predominate. In fuch 
tafes the colour of the reflected light will be apt to 
vary from that of the light tranfmitted.” 

To rearch oat the truth of thefe opinions, Mr. De¬ 
lava] entered upon a courfe of experiments with tranf¬ 
parent coloured liquors and glaffes, as well a* with 
opaque and fcmitranfparent bodies. And from thefe 
experiments he difeovered feveral remarkable proper¬ 
ties of the colouring matter; particularly, that in tranf- 


parrot coloured fubflance* it does not reflcQ any light; 


and when, by intercepting the light which was tranf¬ 
mitted, it is hindered from palling through fuch fub- 
flances, they do not vary from their former colour to 
any other, but become entirely black. 

This incapacity of the . colouring particles of tranf 
parent bodies "to refledt light, being deduced from 
very numerous experiments, may therefore lie taken at 
a general law. It will appear the more extenlive, if 
it be confidered -that, for the moft part, the tinging 
particles of liquors, or other tranfparent fubftances, 
arc extracted from opaque bodies; that the opaque 
bodies owe their colours to thofe particles, in like 
manner as the tranfparent fubitances do ; and that by 
the lofs of them they are deprived of their colours. 

Notwithftanding thefe and many other experiments, 
the theory of colours feems not yet determined with 
certainty ; and it mult be acknowledged that very 
ltrong objections might be brought agamit every hy¬ 
pothecs on this fufcjedt that has been invented. The 
difeoveries of Sir llaac Newton however arc iufticient 
to juftify the following Aphorifms. 

Aplmifm i. All the colours in nature arife from 
the rays of light. 

2. There are feven primary colours, namely red, 
orange, yellow, green, blue, indigo, and violet. 

3. Every ray of light may be Separated into thefe 
feven primary colours. 

4. The rays oflight, in paffing through the fame me¬ 
dium, have different degrees of refrangihility. 

5. The difference in the colours of light arifes from 
its different refraugibility : that which is the lead re¬ 
frangible producing red; and that which is the moil 
refrangible, violet. 

6. Joy compounding any two of the primary, at 
red and yellow, or yellow and blue, the intermediate 
colour, orange or green, may be produced. 

7. The colours of bodies arife from their difpofitiona 
to reflect one fort of rays, and to abforb the others : 
thofe that refledt the leuft refrangible rays appearing 
red ; and thofe that reflet! the molt refrangible, violet. 

8. Such bodies as refledt tw'o or more torts of rays, 
appear of various colours. 

p. The whitenefB of bodies arifes from their difpo- 
fition to refledl all the rays of light promifeuoufly. 

10. The blacknefs of bodies proceeds from their inca- 
padtyato refledl any of the rays of light.—And from 
their thus abforbing all the rays of light that are thrown 
upon them, it arifes, that black bodies, when expofed 
to the fun, become hot fooner than all others. 

Of the Diatonic Scale of Colours. —Sir Ifaac Newton, 
in tne courfe of his inveftigations of the properties of 
light, difeovered that the lengths of the (paces occu¬ 
pied in the fpedlrum by the feven primary colours, ex- 
adlly corrcfpond to the lengths of chorus that found 
the feven notes in the diatonic fcalc of mufle : which is 
made evident by the fallowing experiment. 
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On a paper, in a dark chamber, let a ray of light be 
largely refraded into the fpe&rum ABCDEF, mark¬ 
ing upon it the precife boundaries of the feveral colours, 
as a, b, c, Si c ; and across the fpc&rum draw the per¬ 
pendicular lines ag, bh, See. r l'hen it will be found 
that the fpaces, by which the feveral colours are bound¬ 
ed, viz, UagY containing the red, abbg containing the 
orange, bcib containing the yellow, &c, will be in ex- 
atl proportion to the divifions of a mufical chord for 
the notes of an octave ; that is, as the intervals of thefc 
numbers 1, 4 » £»?»!» J. 17, S* 

CHRONOLOGICAL, belonging to chronology. 

Chronological CbaraBers,. arc characters by which 
times are diflinguifhed. Of thefe, fome are natural, 
or aitrouoinical; others are artificial or hillorical. The 
int ural charafters are inch as depend oil the motions 
of the flats or luminaries ; as eclipfcs, iolltices, equi¬ 
noxes, the diftcient afpects of planets, &e. And the 
artificial characters ore thofe that have been invented 
and ellablifhed by men ; as the lblar cycle, the lunar 
cycle, &c. Hillorical Chronological Characters are 
thofe fupported by the teilimonies of hiitorians, when 
they fix the dates of certain events to certain periods. 

CHRONOLOGY, the art of meafuring and dif- 
tinguifhing time ; with the doCtiine of dates, epochs, 
eias, &c. 

The meafurement of time in the moll early periods, 
was by means of the feufuns, or the revolutions of the 
fun and moon. The fucccllion of Juno’s priclteffes at 
Argos ferved Heilanicus for the regulation of his nar¬ 
rative ; while Ephorus reckoned his mattcis by genera¬ 
tions. Even in the hiltories of Herodotus and Thucy¬ 
dides, there are no regular dates for the events re¬ 
corded ; nor weie there any endeavours to citablifh a 
fixed era until the time of Ptolorny Philadelphia, who 
attempted it by comparing and correcting the dates 
of the olympiads, the kings of Sp irt. 1 , and the luc- 
ceflion of the prielleifcs of Juno at Argos. Eratof- 
ihenes and Apolludurus digcitcd the events related by 
then, according to the fucceflma of the olympiads and 
of the Spartan kings. 

The chronology of the T/itns is ilill move uncer¬ 
tain. 'l’tie records of tfie Romans were dcllroyed by 
the Gauls ; and l abius Pictor, the moll ancient of 
their hillorians, was obliged to borrow the chief part 
ol his information from the Greeks. In other Eu¬ 
ropean nations the chronology is Itill more imperfect, 
and of a later date : and even in modern times a con- 
litler.ible degree of c^nfultoii and inaccuracy has arifen, 
from the want of attention in the hillorians to afeer- 
tain the dates and epochs with precifion. 

Hence it is evident, how nereffarv a proper fyflem 
of chronology inuil be for the right underllanding of 
liillorv, and alfo how difficult it mull be to cflablitit 
fuch a fyltem. For this purpofe, however, feveral 
learned men have fpent much time, particularly Julius 
Africanus, Kufebius of C-ciarea, George Cyneelle, 
John of Antioch, Dennis, Petau, Clavius, Calvitius, 
•Scaliger, Vieta, Newton, Uliter, Simfon, Murlham, 
Helvicus, VolEus, Strauchius, Blair, and Playfair. 

Such a fyllem is founded, ill, On agronomical ob- 
fervations, efpecially of the eclipfes of the fun and 
moon, combined with calculations of the years and 
eras of different nations. 2d, The tclUmonics of cre- 
Vol. I. 


dible authors. 3d, Such epochs in hiftory as are to 
well attcilcd and detei mined, that they have never been 
controverted. 4th, Ancient medals, coins, monuments, 
and inferiptions. 

The moll obvious divilion of time, as has been ob- 
ferved, is derived from the apparent or real revolutions 
of the luminaries, the fun and moon. Thus, the ap¬ 
parent revolution of the fun, or the real rotation of 
the earth on her axis cauiing the fun to appear to 
rife and fet, conllitutes the viciOitudcs of day and 
night, which mult be evident to the moll barbarous 
and ignorant nations. The moon, by her revolution 
about the earth, and her changes, as naturally and 
obvioufly forms months ; while the great annual courfe 
of the fun through the feveral conllellations of the 
zodiac, points out the larger divifion of the year. 

The Day is divided into hours, minutes, &c ; while 
the month is divided into weeks, and the year into 
months, having particular names, and a certain num¬ 
ber of days.—See a particular account of each of thefe 
under the ref petti ve words. 

Bcfide the natural diviiions of time aridng immedi¬ 
ately from the revolutions of the heavenly bodies, there 
are others which are formed from fome of the lefs 
obvious confequcnccs of thefe revolutions, and are called 
cycles, or circles. The moll remarkable of thefe are, 
1, The Solar Cycle, or cycle of the fun, a period or 
revolution of 28 years, in which time the days of the 
months return to the lame days of the week, the fun’s 
place to the fame figns and degrees of the ecliptic on 
the fame months and days, and the leap-years begin 
the fame courfe over again with refpecl to the days of 
the week on which the days of the months fall. 2, 
The Lamer Cycle, ot* cycle of the moon, commonly 
called the Golden Numbv-, is a revolution of 19 years f 
ill which time the conjunctions, oppofitions, and other 
afpefts of the moon, aie on the fame days of the 
months as they were 19 years before, and within an 
hour and a half of the fame time of the day. 

The Inditiinn, or Roman IndiClion, is a period of 
15 years, ufed only l»y the Romans for indicating the 
times of certain payments made by the fubjeds to the 
1 epublic. 

The Cycle of J'li/h r, called alfo the Diouy/ian Period, 
is a revolution of 532 years, and is produced by multi¬ 
plying the folar cycle 28, by the lunar cycle 19. 

The Julian Peri.ul, is a revolution of 7080 years, 
and is produced from the continual multiplication of 
the three numbeis 28, Iy, 15, of the three former 
cycles, viz, the folar, lunar, and indiction. 

As there are certain fixed points in the heavens, 
from which allronomers begin their compute:i -ns, fo 
there are certain points of time, from which hulorinns 
begin to reckon ; and thefc points or roots of time arc 
called etas or epochs. The moil remarkable of thefe 
are, thofe of the Creation, the Greek Olympiads, 
the building of Home, the era of Naboiinaffar, the 
death of Alexander, the birth of Chrift, the Arabian 
Hcgiia, or flight of Mahomet, and the PeWian Jcf- 
degird. All which, with fome others of lefs note, 
have their beginnings fixed by chronology rs to die 
years of the Julian period, to the age of the world, 
and to the years before and after tin- birt h of Chriit. 

The tdlimony of authors is the fecund principal 
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part of hiftorical chronology. Though no man has a 
right .to be confidered as infallible, it would however 
be making a very unfair judgment of mankind, to 
treat them all as dupes or unpoftors ; and it would be 
an injury offered to puhlic integrity, to doubt the 
veracity of authors umvcrfally cflecmed, and fafts that 
are truly worthy of belief. When the liiftorian is al¬ 
lowed to be completely able to judge of an event, 
and to have no intent of deceiving by his relation, his 
tefh'mony cannot be refufed. 

The F.pt.chs form the 3d principal part of chrono¬ 
logy ; being thofc fixed points in hiftory that have 
never been contefted, and of whicli there cannot rea- 
fonably be any doubt. Notwithfianding that chro- 
nologers fix upon the events which are to ferve as 
epochs, in a manner quite arbitrary; yet this is of 
little confequcnce, provided the dates of tlicfe epochs 
agree, and that there is no contradiction in the fadts 
themfelvcs. 

Medals, Monuments, and Infcriptions, form the lull 
of the four principal parts of chronology ; and this 
fludy is hut of very modern date, fcarce more than 
150 years having clapfed finee clofe application has 
been made to the iludy of thefe. To the celebrated 
Spanheim wc owe the greatest obligations, for the 
progrefs that is made in this method ; and it is by the 
aid of medals that M. Vaillnnt has compufed his judi¬ 
cious hiflory of the kings of Syria, from the time of 
Alexander the Great to that of Pumpey. Nor have 
they been of Ids fervice in elucidating all ancient hif- 
tory, efpccially that of the Romans; and even fome- 
tirnes that of the middle ages. 

Befides the foregoing general account, there are fomc 
few fyftems of chronology which may deferve fome 
more particular notice, as follows. 

Saered Chronology. There have been various fyf¬ 
tems relating to facred chronology; which is not to 
be wondered at, as the three chief copies of the Bible 
give a very different account of the firll ages of the 
world. For while the Hebrew text reckons about 
4000 years from the creation to the birth of Chrift, 
and to the flood 1656 years ; the Samaritan makes the 
former much longer, though it counts from the crea¬ 
tion to the flood only 1307 years ; and the Septiiagint 
removes the creation of the world to 6000 years before 
Chrift, and 2250 years before the flood. Many at¬ 
tempts have been made to reconcile thefe differences ; 
though none of them are quite fatisfaftory. Walton and 
VolTius give the preference to the accountof the Sep- 
tuagint; while others have defended the Hebrew text. 
See an ahflraft of the different opinions of learned 
men on this fubjeft, in Strauchius’s Brev. Chron. tranf- 
lated by Sault, p. 166 and 176. 

The Chinefe Chronology. No nation has boafted more 
of its antiquity than the Chinefe : but though they 
be allowed to trace their origin as far back as the 
deluge, they have few or no authentic records of their 
hiftory for fo long a period as 500 years before the 
Chriftian era. This indeed may be owing to the 
general dellruftion of ancient remains by tne tyrant 
Tfm-chi-hoang, in the year 213, or fome fav 246, 
before Chrift. From a chronology of the (Chinefe 
hiftory (for which we are obliged to an illuftrious 
Tartar who was viceroy of Canton in the year 1724, 
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and of which a Eatin tranflation was publiflied at 
Rome in 1730), wc learn that the moil remote epoch 
of the Chinefe chronology docs not furpafs the firll 
year of Guei-lie-wang, or 424 years before our vulgar 
era. And this opinion is con finned by the praftice of 
two of the molt approved hiftorians of China, who 
admit nothing into their hiftories previous to this pe¬ 
riod. 

The Chinefe, in their computation, make ufe of a 
cycle of 60 yeara, called kia-tfe, from the name given 
to the firll year of it, which ferves as the bafis of their 
whole chronology. F.very year of this cycle is marked 
with two letters which diftinguilh it from the others; 
and all the years of the emperors, for upwards of 2000 
years, have names in hiftory common to them with 
the correfponding years of the cycle. Philof. Tranf. 
Abridg. vol. 8, part 4, pag. 13. 

According to M. Freret, in his Effays, the Chinefe 
date the epocha of Yao, one of their firll emperors, 
about the year 2145, or 2057, before Chrift ; and they 
reckon that their firll ailronomical obfervations, and 
the compolition of their calendar, preceded Yao 150 
years : from whence it is inferred that the era of their 
ailronomical obfervations coincides with that of the 
Chaldeans. But later authors date the rife and pro¬ 
grefs of the faiences in China from the grand dynafly 
of Tclieou, about 1200 years before the Chrillian era, 
and Ihow that all hiftorical relations of events prior to 
the reign of Yao are fabulous. Mem. de Pliilloire 
dcs Sciences &c. Chinois. vol. 1. Paris 177 

Babylonian, Fgyptian, and Chaldean Buna’s. Thefe, 
M. Gibert has attempted to reduce to our chronology, 
in a letter publiflied at Anifteulam in 1743. He be¬ 
gins with (hewing, by the authorities of Macrohius, 
Eudoxus, Varro, Diodorus Siculus, Plinv, Plutarch, 
St. Auguftin, &c, that by a year, the ancients meant 
the revolution of any planet in the heavens; fo that it 
might confifl fomctiincs of only one day. Thus, ac¬ 
cording to him, the folar day was the ailronomical 
year of the Chaldians ; and fo the boafted period of 
473,000 years, afligned to their obfervations, is re¬ 
duced to 1297 years 9 months; the number of yea's 
which, according to Eufcbius, el.tpfed from the firll 
difeoveries of Atlas in aftronomy, in the 384th year 
of Abraham, to the march of Alexander into Alia 
in the year 1682 of the fame era. And the 17,000 
years aaded by Berofus to the obfervations of the 
Chaldeans, reduced in the fame manner, will give 40 
years and 6 or 7 months ; being the ex a ft interval 
between Alexander’s march, and the firll year of the 
123d Olympiad, or the time to which Berofus carried 
his hiftory. 

Epigenius aferibes 720,000 years to the obferva¬ 
tions preferved at Babylon ; but thefe, according to 
M. Gibert’s fyftem, amount only to 1971 years 3 
months; which differ from Callifthcnes’s period of *903 
years, allotted to the fame obfervations, only by 68 
years, the period elapfed from the taking of Babylon 
by Alexander, which terminated the latter account, and 
to the time of Ptolomy Philadelphus, to which Epi¬ 
genius extended his account. 

The Newtonian Principles of Chronology. —Sir Ifaac 
Newton has (hewn, that the chronology of ancient 
kingdoms is involved in the greateft uncertainty: that 
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the Europeans in particular had no chronology before 
the Perfian empire, which commenced 536 years before 
the birth of Chrift, when Cyrus conquered Darius 
the Mede: that the antiquities of the Greeks are full 
of fablesi becaufe their writings were in verfe only, 
till the conquclt of Afia by Cyrus the Perfian ; about 
which time profc was introduced by Pherecides Syrius 
'and Cadmus Mileiius. After this lime feveral of the 
Greek hiliorians introduced the computation by gene¬ 
rations. The chronology of the Latius was Hill more 
uncertain : their old records having been burnt by the' 
Gauls 120 years after the expullion of their kings, or 
64 years before the death of Alexander the Great, 
anfwering to 388 before the birth of Chrill. The 
ehronologers of Gaul, Spain, Germany, Scythia, Swe¬ 
den, Britain, and Ireland, are of a Hill later date. 
For Scythia, beyond the Danube, had no letters till 
Ulphilas, their hiihop, formed them, about the year 
2 76. Germany had none till it received them from 
the weilern empire of the Latins, about the year 400. 
The Huns had none in the days of Procopius, about 
the year 526. And Sweden and Norway received them 
Hill later. 

Sir Ifaac Newton, after a general account of the 
obfeurity and defects of the ancient chronology, ob- 
lcrve i that, though many of the ancients computed by 
iucccflioos and^encrations, yet the Egyptians, Greeks, 
and Latins, reckoned the reigns of kings equal to ge¬ 
nerations of men, and three of them to a hundred, and 
fometimes to 120 years ; and this was the foundation of 
their technical chronology. He then proceeds, from the 
ordinary cmnfe of nature, and a detail of hiftorical 
facls, to ihew the difference between reigns and gene¬ 
rations ; end that, though a generation from father 
to foil may at an average he reckoned about 33 years, 
or three of them equal to too year's, vet, when they 
are taken by the cldell ions, three of them cannot be 
eUiinuted at move than about 75 or So years ; and the 
reigns of kings aie ii.Hl Hunter ; fo that i8 or 20 years’ 
maybe allowed a jell medium. Sir Ifaac then fixes 
on four remarkable peiiods, viz, the return of the 
Hernclid.i: into the Ihiopomieius, the taking of Troy, 
the Argonautic expedition, and the return of Sefoflris 
into Egypt, after his wars in Thrace; and lie fet¬ 
tles the epoch of each by the true value of a gene¬ 
ration. To inftance only his eiInmate of that of the 
Argonautie expedition : Having fixed the return of 
the Hcraclidse to about the 179th year after the death 
of Solomon, and the deftru&ion of Troy to about the 
yrtth year after the fame period, he obferves, that 
Hercules the Argonaut was the father of Hyllus, the 
father of Clmlius, the father of Ariftomachus, the 
father of Ariflodemus, who conduced the Heraclidx 
into Peloponnefus ; fo that, reckoning by the chief of 
the family, their return was four generations later than 
the Argonautic expedition, which therefore happened 
about 43 years after the death of Solomon. This is 
farther confirmed by another argument: ALfculapius 
and Hercules were Argonauts: Hippocrates was the 
18th inclufively from the former by the father’s fide, 
and the 19th from the latter by the mother’s fide ; now, 
allowing 28 or 30 years to each of them, the 17 in¬ 
tervals by the father, and the 18 intervals by the mo¬ 


ther, will on a medium give 507 years; and tliefe* 
reckoning back from the commencement of the Pdo- 
ponnefian war, or the 431ft year before Chrift, when 
Hippocrates began to (lourilh, will place the Argo- 
naulic expedition in the 43d year after the death of 
Solomon, or 937 years before Chrift. 

The other kind of realbning by which Newton en¬ 
deavours to cftablilh this epoch, is purely agronomical. 
The fphere was formed by Chiron and Mufaeua for the 
ufeof the Argonautic expedition, as is plainly (hewn by 
feveral of the ailerij’ms referring to that event: and at the 
time of the expedition the cardinal points of the equi¬ 
noxes and folltices were placed in the middle of the con- 
ilellations Aries, Cancer, Chelx, and Capricorn. This 
point is eftabliflied by Newton from the confidera- 
tion of the ancient Greek calendar, which confifted 
of 12 lunar months, and each month of 30 days, which 
required an intercalary month. Of courfe this luni- 
folar year, with the intercalary month, began fome- 
tirnes a week or two before or after the equinox or 
folllicc ; and hence the firfl aftronomers were led to the 
before-mentioned difpofition of the equinoxes and fol- 
ttiees : and that this was really the cafe, is confirmed 
by the teftimonies of Eudoxus, Aratus, and Hippar¬ 
chus. Upon tliefe principles Sir Ifaac proceeds to 
argue in the following manner. The equinoCt ial colure 
in the end of the year 1689 cut the ecliptic in & 6 * 
44'; and by this reckoning the equinox had then gone 
back 36° 44' lince the time of the Argonautic expedi¬ 
tion. But it recedes 50' in a year, or i° in 72 years, 
and confequentlv 36° 4^.' in 2645 years; and this, 
counted backwards from the beginning of 1690, will 
place this expedition about 25 years after the death of 
Solomon. But as there is 110 neceflity for allowing 
that the middle of the ronftellations, according to the 
general account of the ancients, Ihould be precifely the 
middle between the pritna Arietis and ultima Caudx, 
our author proceeds to “ examine what were thofc ftars 
through which Eudoxus made the colures to pafs in 
the primitive fphere, and in this way to fix the pofition 
of the cardinal points.” Now from the mean of five 
places he finds, that the great circle, which in the pri¬ 
mitive fphere, deferibed by Eudoxus, or which at the 
time of the Argonautic expedition was the cquino&ial 
colure, did in the end of 1689 cut the ecliptic in y 6° 
29' 15". In the fame manner our author determines 
that the mean place of the folftitial colure is St, 6° 28' 
46", and as it is at right angles with the other, he 
concludes that it is rightly drawn. And hence he in¬ 
fers that the cardinal points, in the interval between 
that expedition and the year 1689, have receded from 
thofc colures i‘ f>° 29'; which, allowing 72 years to 
a degree, amounts to 2627 years ; and thefe counted 
backwards, as above, will place the Argonautic expe¬ 
dition 43 years after the death’of Solomon. Our au¬ 
thor has, by other methods alfo of a fimilar nature, 
citabliftied this epoch, and reduced the age of the world 
500 years. 

Tin’s elaborate fyllcm has not cfcaped cenfure; Mefi» 
Freret and Souciet having both attacked it, and on 
much the fame ground ; but the former has confounded 
reigns and generations, which are carefully diftinguifh- 
ed m this fyftem. The aftronomical objections of both 
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hare been anfwerecl by Sir Ifaac Newton himfelf, and 
by Dr. Halley. Phflof. Tranf. abr. vol. 8, part 4, pa. 4. 
Newton'# Chronol. clu 1. 

CHRONOMETER, is any inftrumcnt or machine 
ufed in meafuring time; fuch as dials, clocks, watches, 
&c. 

The term is however more particularly ufed for a 
kind of clock, fo contrived as to mcafurc a fmall portion 
of time, even to the 16th, or the 40th part of a.fc- 
eond ; one of this latter kind I have feen, made by an 
ingenious artift ; but it could not be flopped to the 
10th part of the propofed degree of accuracy. There is 
a defeription of one alfo in Dcfagiilicrs’s Experimental 
Philofophy, invented by the late ingenious Mr. George 
Graham ; which might be of great ufe for meafuring 
fmall portions of time in allronomical obfervations, the 
time of the tail of bodies, the velocity of running wa¬ 
ters, &c. But long intervals of time cannot be mea- 
fured by it with fuflicient cxadlnels, unlcfs its petidu- 
lum be made to vibrate in a cycloid ; for otherwife it 
is liable to err confiderably, as is the cafe of all clocks 
wit h fliort pendulums that fwing in large arches of the 
circle. 

Various other contrivances, befidcs clocks, have been 
ufed for meafuring time for fome particular purpofes. 
See a mufical chronometer deferibed in Malcolm’s Trea- 
tife of Mufic, pa. 407. 

CHRONOSCOPE, a word fometimes ufed for a 
pendulum, or machine, to mcafure time. 

CHRYSTALL 1 NE. See Crystallike. 

C 1 MA, or Sima, in Architecture, a member, or 
moulding, called alfo ogee, and cimatium. 

CINCTURE, in Architefture, is a ring or lift 
around the fhaft of a column, at its top and bottom. 

CINTRE, in Building, the mould on which an 
arch is turned or built; popularly called centre, and 
fometimes a cradle. 

CIPHER, or Cypher, one of the numeral cha¬ 
racters, or figures, thus formed o. The word comes 
from the Hebrew fnfbar, to number. 

The cipher of itfelf fignifies nothing, or implies a 
privation of value; but when combined w ith other 
numeral characters, it alters their value in a tenfold 
proportion, for every cipher fo annexed; viz, when 
fet after a figure in common integral arithmetic, it in- 
creafes its value in that proportion, though it has no 
effeCt when fet befoie or to the left hand fide of fi¬ 
gures ; but on the contrary, in decimal arithmetic, it 
decreafes their value in that proportion when fet before 
the figures, but lias no cffeCt when fet after them. 

Thus, 5 is five, 
but 50 is fifty, 
and 500 is five hundred ; 
whereas 05, or 005, &c, is flill but 5 or five. 

Alfo *5 is five tenths, 

but *05 is five hundredths, 

arid ’005 is five ihoufandths; 
whereas -50, or ’500, &c, is flill hut " or five tenths. 

The invention and ufe of the cipher, as in the common 
arithmetic and notation of numbers, is one of the hap> 
pieft devices that can be imagined ; and is aferibed to 
the Indians, by the Arabians, through whom it came 
into Europe, along with the revival of literature. 

CIRCLE, a puns figure, bounded by a curve line 


which returns into itfelf, called its circumference, and 
which is every where equally diftant from a point within, 
called its centre. 

The circumference or periphery itfelf is called the 
circle, though improperly, as that name denotes the 
fpace contained within the circumference. 

A circle is deferibed with a pair of compafies, fixing 
one foot in the centre, and turning the other round to 
trace out the circumference. 

The circumference of every circle is fuppofed to be 
divided into 360 equal parts, called degrees, and marked 
°; each degrte into 60 minutes or primes, marked '; 
each minute into 60 fccomls, marked " ; and fo on. 
So 24° 12' 15" 20"’, is 24 degrees tz minutes 15 fo 
conds and 20 thirds. 

Circles have many curious properties, fome of the 
moil important of which arc thefc : 

1. The circle is the moil capacious of all plain fi¬ 
gures, or contains the greatell area within the fame pe¬ 
rimeter, or has the leal! perimeter about the fame aiea ; 
being the limit and lalt of all regular polygons, having 
the number of its tides infinite. 

2. The area of a circle is always h ft than the area of 
any regular polygon cirtumfcribtd about it, and its cir¬ 
cumference always lefs than the perimeter m the poly¬ 
gon. But on the other hand, its area is a 1 wavs greater 
than that of its inferibed polygon, and its circumference 
greater than the perimeter of the laid inferlin'd polygon. 
However, the area and perimeter of the circle appionch 
always nearer and nearer to lliofc of the two poly gone, 
as the number of the flues of thefe is greater ; the 
circle being a 1 wavs limited between the two polygon;,. 

3. The area of a circle is equal to that of a triangle 
whofe bale is equal to the ciicumfeieoet, and perpendi¬ 
cular equal to the radius. And thin, fore the aria of the 
circle is found by drawing luilf the cirrumfucnce into 
half the diameter, or the whole circumference into the 


whole diameter, and taking the 4th part of the pioducU 
Demonflruted by Euclid. 

4. Circles, like other fimilar plane figures, are to m e 
another, as the fquares of their diameters. And the 
area of the circle is to the fijinwe of the diameter, as 11 
to 14 nearly, as proved by Aichimedes ; or as • 7854 
to I more nearly ; or flill more nearly as 
•7S53981633,<j744B3°q6i .sbf'OKqjli 19,8757 a 10402, 
9234984377,645 5243736,14807 69541,01 5“ , 55 - j 4/ 
9657008706,3355292669,9553702 162,8318076661, 
7734611 + ID I i 

as it has been found by modern mathematicians. 

Iu Wallis's Arithmetic of Infinites are contained the 
firfl infinite feries for exprefiing the ratio of a ciiclt to 
the fquare of its diameter: viz, 

ill, The circle is to the fquare of its diameter, 


as 1 to 


3X3X5X5X7X 7 &c 

2X4X4X6X6X8&C 


X 6 x 8&c’l 

x S **. I 


found out by 
Wallis himfelf; 


or as 1 to 1 + 


, by Ld. Brounker ; 



2 + 


*5 


2 + 


49 

Z + &C 
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1 i 

or as 1-— 

2x3 2x4x5 


_»XJ_ 

1X4X6X7 


—■ —-& c to ’» by Sir I. Newton i 

ax4x6x8x9 7 

1 1 1 . 1 1 . ^ 

oras 1-i-—1--—&c to I. by Gregory and 

Leibnitz; and a great many other forms of ferics have 
been invented hy different authors, to exprefs the fame 
ratio between the circle and circumfcribed fejuare. 

5. The circumferences of circles are to one another, 
as their diameters, or radii. And as the areas of circles 
are proportional to the rectangles of their radii and cir¬ 
cumferences 5 therefore the quadrature of the circle will 
be effected by the rectification of its circumference ; 
that is, if the true length of the circumference could be 
found, the true area could be found alfo. But whillt 
feveral mathematicians have endeavoured to determine 
the true area and circumference, others have even 
doubted of the poflibility of the fame. Of this latter 
opinion is Dr. lfaae Barrow: towards the end of his 
15th Mathematical LeCture he fays, he is of opinion, 
that the radius and circumference of a circle, are lines 
of fuch a nature, as to be not only ineommenfmable in 
length and fquare, but even in length., fquare, cube, li- 
quadratc, and a!! ether powers to infinity : for, con¬ 
tinues he, the fide of the in fen bed fquare is incommen- 
fmable to the radius, and the fquare of the tide of the 
inferibed octagon is incommenfurable to the fquare of 
the radius ; and confequently the fquare of toe octago¬ 
nal perimeter is incommenfutable to the fquare of the 
radius: and thus the ambits of all regular polygons, in¬ 
feribed in a circle, may have their fuperior pmycis in- 
tvmsncniurate with the co-ordinate powers ofthe radius; 
from whence the lull polygon, that is, the circle itfelf, 
feems to have its periphery incommenfurate with tire 
radius. Which, if true, will put a final Hop to the qua¬ 
drature of the circle, fiucc the ratio of the circum¬ 
ference to the radius is altogether inexplicable from the 
nature of the tiling, and confequently the problem re¬ 
quiring the explication of fuch a ratio is impulfible to 
be folved, or rather it requires that for its folution which 
is impoflible to be apprehended. But, concludes he, 
this gnat myllcry cannot be explained in a few words: 
But if time and opportunity bad permitted, 1 would 
have endeavoured to produce many things for the expli¬ 
cation and confirmation of this conjecture. Sir Ifaac 
Newton too, in book 1 of his Principia, has attempted 
to demonUrate the impoliibility of the general quadra¬ 
ture of oval figures, by the defeription of a fpiral, and 
the impoflibiiity of determining, by a finite equation, 
the interfeCtions of that oval and Ipiral, which mull be 
the cafe, if the oval be quadrable. And feveral other 
authors have attempted to demonUrate the impoflibiiity 
of the general quadrature of the circle by any means 
whatever. On the other hand, many authors not only 
believe in the poflibility of the quadrature of the circle, 
but fome have even pretended to have difeovered the 
fame, and have publilhed to the world their pretended 
difeoveries: of which no one has rendered himfclf more 
remaikable than our countryman Mr. Hobbes, though a 
great fcholar, and of excellent underltanding in other 
matters. SccQuadraturk. 

The approximate quadrature of the circle however, or 


the determination of the ratio between the diameter and- 
the circumference, is what the mathematicians of all ages 
have fuccefsfully attempted, and with different degrees 
of accuracy, according to the improved ftate of the 
fcicnce. Archimedes, in his book dc Dimenjione Circuit , 
firff gave a near value of that ratio in fmall numbers, 
being that of 7 to 22, which are Uill ufed as very con¬ 
venient numbers for this purpofe in common meafurc- 
ments. Other and nearer ratios have fince been fuccef- 
fively afligned, but in larger numbers, 
as 106 to 222, 
or 113 to 3s‘s, 
or 1702 to 5347, 
or 1815 to 5702, &c, 

which are each more accurate than the foregoing, 
Vieta, in his Univcrfalium Infpeclionum ad Canonum 
Mathematician, publilhed 1579, by means-of the in¬ 
feribed and circumfcribed polygons of 393 ? i(> Tides, has 
carried the ratio to ten places of figures, flicwing that if 
the diameter of a circle be iood ficc, the circumference 
will be greater than 314,159,265,3 5, , 
but lefsthan 314,159,265,37. 

And Van Colcit, in his book dc C/rculu Zsf Aufcriptk, 
has, by the fame means, carried that ratio to 36 places 
of figures ; which were alfo recomputed and confirmed 
by Willcbrord Snell. After thefe, that indefatigable 
computer, Mr. Abraham Sharp, extended the ratio to 
7 a places of figures, in a (heet of paper, publilhed about 
the year 1706, by means ot the ferics of Dr. Halley, 
from the tangent of an arc of 30 degrees. And the 
ingenious Mr, Mach in cariied the fame to a hundred 
places, by other ftries, depending on the differences of 
arcs whole tangents have certain relations to ore another. 
See this method explained in my Mcnfuration, pa. 120 
fecond edit. And, finally, M. De Lagny, in the Me¬ 
moirs de 1’Acad. 1719, by means of the tangent of the 
arc of 30 degrees, has extended the fame ratio to the 
amazing length of 128 places of figures ; finding, that, 
if the diameter be 1000 &c, the circumference will be 
31415,92653,58979,.32384,62643,38327,95028, 

- 84197,16939,93751,058^0,77494,45923,07816, 
4062 8,62089,98628,03482,53421,17067,98214, 
80865,13272,30664,70938,446 + or 447 — 
lVom fuch methods as the foregoing, a variety of 
feiies have been difeovered for the length of the cir¬ 
cumference of a circle, fuch as the following, viz, It 
the diameter be 1, the circumference c will be varioufly 
expreffed thus. 


, » * 
‘ = 4 * ( ‘- 3 + s 

c = ^/S x (l + — ■ 

3 


1 


-&c), 


1 ■ 


r ~ y/ I 2 
r= 8 XI 


7 y *3 

1_^ J_1_Lscc' 

5 7 y li 13 15' 


1.1 


3 a 

- + • ' 
i i- 3 -S 
1 1 


5-3 

1 

3 7-7 
•3 


9-5 4 


c — 8 x (-, 

' 3 5 4-7 4-6-9 

/ , 2 1 1 
22=4 y/2 X (■ 


>9 7 . 9 . I I 


Stc), 

• &v). 


‘-4 X (*—j 


5.2 4.7.2’ 

1 


4.6.8.11 

»»3 

4.6.9.2* 


&c), 

1-3-5 


*•3 


.3 2.4.5 2 - 4- 6 -7 


4.6.8.11.2* 
Sc cl. 
And 
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And many other feries might here be added. See my 
Menfuration in feveral places; alfo my paper on l'uch 
fetics in the Philof. Tranf. 1776; Euler's JntroJuBio 
in Analyjin Injinitorum ; and many other authors. 

6. Some of the more remarkable properties of the 
circle, arc as follow. 

If two lines AB, CD cut the 
circle, and interfeft within it, the 
angle of interfc&ion E is mca- 
fured by half the fum of the in¬ 
tercepted arcs AC, DB. 

But if the lines interfeft without 
the circle, the angle E is tneafured 
by half the difference of the inter¬ 
cepted arcs AC, DB. 

7. The angle at the centre of a 
circle is double the angle at the 
circumference, Handing on the fame 
arc; and all angles in the fame fcg- 
ment ate equal. Alfo the angle at 
the centre is meafured by the arc 
it Hands upon, and the angle at the 
circumference by half the fame arc. 

8. If the chords FG, HI crofs 
at light angles, the fums of the 
oppofite arcs are equal; viz FH + 

GI= FI + GH. 


9. If one fide NO of a trape¬ 
zium inferibed in a circle be con¬ 
tinued out, the external angle, 

LOP will be equal to the oppolitc 
internal 1 angle M. 

to. An angle, as RQS, formed 
by a tangent QR. and chord QS, 
is meafured by half the arc of the 
-chord QS, and is equal to any an¬ 
gle T formed in the oppofite arc 

•qts. 

11. If VW be a diameter, and 
XYZ a chord perpendicular to it; 
then is XZ or ZY a mean propor¬ 
tional between the fegments YZ, 

ZW. So that if d denote the 
diameter VW, x t he ab feifs VZ, and y the ordinate 

ZX; then is j i*—d — x X x or = dx — *- 
is caber] the equation to the circle. 

The chord VX is a mean proportional between the 
diameter VW and the verfed line VZ ; and the chord 
wx is a mean proportional between the diameter and 
the verfed line WZ j alfo each verfed fine is propor¬ 
tional to the fquare of the correfponding chord ; viz 
VZ : WZ :: VX* : WX*. 

12. When two lines cut the circle, whether they inter- 
feft within the circle, or without it, as in the two figures 
to article 6» the fegments between the common mtcr- 
feftion and the two points where each line cuts the 
curve, are reciprocally proportional, and their rc&an- 



1 ; which 



gles are equal ; viz, E A : EC :: ED : EB, 
or EA x EB = EC x ED* 

13. In a trapezium inferibed in 
a cii cle, the re&angle of the two 
diagonals is equal to the fum of 
the two reftangles of the two pairs 
of oppofite fidcs; viz, AC X BD 
—AB X DC •+- AD x BC. 


14. Ifany chords EF, EG, drawn 
from the fame point E in the cir¬ 
cumference,be cut by anyothet line 
HI, the reitangles will be all equal 
Which are made of each chord and 
the part intercepted by this line, 
viz, EF x E 1 =EG x EH=EK\ 1 


15. In a circle whofe centre is N 
and radius NO, if two paints 
M,P, in the radius produced, be fo , j 
placed that the three NM, NO, 

MP, he in continued propor¬ 
tion ; then if from the points M 
and r lines be drawn to any, or every point in the cir¬ 
cumference, as Q; tliefe lines will be always in the 
given ratio of MO to PO ; viz, MQ^: PQj : MO : PO. 

1 6. If V W, be two points in the diameter, equidiilant 
from the centre T ; and if two 

lines be drawn from thefe to any _,Y 

point X in the circumference ; the 
fum of their fquarcs will lie equal 
to the fum of the fqtiares of the 
fegments of the diameter made by 
either point ; viz, VX 1 + WX 1 
rr RV= + VS 1 , or = RW- + 

+ 2VT’. 


17. If a line FE perpendicular to 
the diameter AB, meet any other 
chord CD in the point E ; then is 
AF x FB — CE x ED + EF 1 . 


18. It upon the diameter GH of 
a circle there be formed a rc&angle 
GHKI, whofe breadth GI or HK 
is equal to GL or HL, the chord 
of a quadrant, or fide of the in¬ 
feribed fquare; then if from I and 
K lines be drawn to any point M 
in the circle GMH, they will cut 




HN* 


the diameter GH in fuch a manner that GO 1 + 

= GH*. 

19. If the arcs PQ, QR, RS, 8cc, be equal, and there 
be drawn the chords PQ, PR, PS, PT, ftc, then it 

will 
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will be PQ: PR :: PR : PO + PS s: PS : PR + 
PT :: PT : PS + PV, &c. 



20. The centre of a circle being O, and P a point in 
the radius, or in the radius produced ; if the circum¬ 
ference be divided into as many equal parts A B, BC, 
CD, &c, as there arc units in 2n, and lines be drawn 
from P to all the points of divifion ; then (hall the 
continual product of all the alternate lines viz PA x 
PC X PE &c be = r" — x* when P is within the 
circle, or = a-" — r“ when P is without the circle ; 
and the prod 11 ft of the reft of the lines, viz PB X 
PD H- PF &c = r" H- y: where r — AO the radius, 
and x — OP the diftance of P from the centre. 



21. A circle may thus he divided into any number of 
parts that (hall be equal to one another both in area 
and perimeter. Divide the diameter QR into the 
fame number of equal parts at the paints S, T, V, &c ; 
then, on one fide of the diameter deferibe fcmicircles 
on the diameters QS, QT, QV, and on the other lide 
of it deferibe femicij-cles onRV, RT, RS ; fo (hall 
the pans I 7, 3 5, 5 3, 7 1 be all equal, both in area and 
perimeter. See my Trafts, pa. 93. 



22. To defer the a Circle either about or within a given 
Regular Polygon. Bifeft two of its angles, or two of 
its Tides, with perpendiculars, and the interfeftion of 
the bifefting lines will, in cither cafe, be the centre of 
the circles. 

Parallel\ or Concentric Circles, arc fuch as are 
equally distant from each other in every point of their 
peripheries; or that have the fame centre. As, on 
the other hand, thole are called the eccentric circles, that 
have not the fame point for their centres. 

The Quadrature of the Circle, is the manner o /de¬ 
scribing, or aligning, a fquare, whole furfacc (hall be 
perfeftly equal to that of a circle. This problem has 
exercifed the geometricians of all ages, but it is now ge¬ 
nerally given np as a problem impoffible to be effefted. 


by mod perfons that have any juft claim to that rank. 
Des Cartes infifts on the impoflibiiity of it, for this rea- 
fon, that a right line and a circle being of different 
natures, there can be no drift proportion between 
them. Dr. Barrow (hews the llrongeft probability of 
the fame thing; and not only that the diameter and cir¬ 
cumference tnemfelves, but that all powers of them to 
infinity, are incommenfurate. 

The Emperor Charles V offered a reward of T 00,000 
crowns to any perfon who fhould refolvc this celebrated 
problem : and the States of Holland alfo proposed a 
reward for the fame thing. See Quadrature. 

Circles of the Higher Orders , are curves iu which 
WY“ : YZ m :: YZ : YX, 
or WY m : TZ m : : YZ»: YX". 



When nt and n are each equal to t, then 
WY : YZ :: YZ : YX, which is the property of tlrf 
common circle. 

Put WY = *, YZ = y, WX = «; then is 
YX — a — x, and the above proportions become 

m m m +1 m - _ 

x :y ay 1 a—x, ory =x .a— a - , and 

m m n - n m + n m - n 

x : y ::y :a—x ,or y =x • a—x , the 

equations to curves of this kind. 

Curves defined by this equation will be ovals when 
m is an odd number. Thus fuppofe m — t, then the 

equation becomes y 1 = x. a — x or ax—x 2 , the equa¬ 
tion to the common circle. And if m — 3, it becomes 
y * = .v 3 . a—x or a.v 3 — x*, which denotes a*curve of 
this form AB. 




But when m denotes an even number, the curve will 
have two infinite legs. So if m — 2, the equation 
becomes r 3 ~ a—x or ax*—x 3 , for a circle of the 
ad order, and which defines one of Newton’s defec¬ 
tive hyperbolas, being his 37th fpedcsqf curves, whofe 
afymptote is the right line EF, making an angle of 40 
degrees with the abfeifs A B. 

Circle of Curvature , or circle of equi-curvature, 
is that circle which has the fame curvature with a 
given curve at a certain point} or that circle whofe 
-adius is equal to the radius of curvature of the given 
curve at that point. „ 

Circles of the Sphere, are fuch as cut the mundane 
fphere, and have their circumference in its furface. 
Thefe circles are either fixed or moveable. 

The latter are thofe whofe peripheries are in the 

moveable 
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moveable or revolving furface; and which therefore 
move or turn with it ; as the meridians, &c. The 
formei, having their periphery in the immoveable fur- 
fac , do not revolve ; as the ecliptic, equator, and its 
parallels. 

The circles of the fphere are either great or little. 

A ft'fit Cirr'e of the Sphere, is that which divides 
it into two equal parts. or hemispheres, having the fame 
centre and diameter with it. As the horizon, meridian, 
equator, ecliptic, the cohires, and the azimuths. 

.■! Little , or I.ejfer Ci> cle of the Sphere, divides the 
fphere into two unequal parts, having neither the fame 
cco re nor diameter with the fphere ; its diameter being 
only Some chord of the fphere lefs than its axis. Such 
as the parallels-of latitude, Sic. 

Circles of Altitude, or Almuc.in/ars, are little circles 
parallel to the horizon, having their common pole in the 
zenith, and Hill diminifliing as they approach it. They 
are fo called from their ule, which is to Ihew the alti¬ 
tude of a liar above the horizon. 

Circles of D rUnaUnn, are great circles interfering 
each other in the poles of the world. 

• Circle of Diffipation, in Optics. See the article 
‘Dissipai ion. 

Diurnal Circles, are parallels to the equinodtial, 
fuppofed to be deferibed by the Several liars, and other 
piiints of the heavens, in their apparent diurnal rota¬ 
tion about the eaith. 

_ Circle Equant, in the Ftolomaic Aflronomy, is a 
-circle'deferibed cm the centre of the equant. its chief 
ufe is, to find the variation of the firft inequality. 

’Circles of Excurfon, are little circles parallel to the 
ecliptic, and at Such a didance from it, as that the ex- 
curfions of the planets towards the poles of the ecliptic, 
may be included within them; being ufually fixed at 
about IO degrees. 

It may here he obferved, that all the circles of the 
fphere, defetibed above, aie transferred funn the hea¬ 
vens to the earth ; and fo come to have a place in geo¬ 
graphy as well ns in adronomy : all the points of each 
circle being conceived as let fall perpendicularly on the 
iurface of the terredrial globe, and thus tracing out cir- 
•des perfectly fimilar to them. So, the tenedrial equa¬ 
tor is a circle conceived precifely under the equinoctial 
line, which is in the heavens: and fo of the red. 

Horary Circles, in Dialling, are the lines which 
'(hew the hours on dials, Thefe are (Iraight lines on 
the dials, but called circles as being the projections of 
the meridians. 

Horary Circle, or Hour Circle, on the globe, is 
& fmall brazen circle fixed to the north pole, divided into 
24 hours, and furnifhed with an index to point them out, 
thereby (hewing the difference of meridians in time, and 
ferving for the folution of many pioblems, on the artifi¬ 
cial globes. 

Circle of Illumination, is that imaginary circle on 
tire furface of the earth, which feparates the illuminated 
fide or hemifphere of the earth from the dark fide: 
and all lines pafling from the fun to the earth, being 
pbyfically parallel, are perpendicular to the plane of 
this circle. 

Circles of Latitude, or Secondaries of the Ecliptic , 
are great circlciperpendicular to the plane of the ecliptic, 


interfering one another in its poles, and pafling through 
every flar and planet, &c.—Thefe are fo called, becaufe 
they ferve to meafure the latitude of the fiars, which is 
an arch of one of thefe circles, interfered between the 
liar and the ecliptic. 

Circles of Longitude, are lefler circles parallel to 
the ecliptic, diminifhing more and more as tlicy recede 
from it, or as they approach the pole'of that circle. 

They arc-fo called, bccaufc the longitudes of the 
liars arc counted upon' them. 

Circle of Perpetual Apparition, one of the lefler cir¬ 
cles parallel to the equatoi, deferibed by the mod north¬ 
ern point of the horizon, as the fphere revolves round 
by its diurnal motion —All the liars included within 
this circle, are continually above the horizon, and fo 
never fct. 

Circle of Perpetual Oc. ultation, is another lefler cir¬ 
cle at a like diilauce from the equator, but on the other 
lTde of it, being deferibed by the moft font hern point 
of the horizon, and contains ail thofe liars which never 
appear hi our hemifphere, or which never rile. 

All other liars, being contained between thefe two 
circles, do alternately rife and let, at certain moments 
of the diurnal rotation. 

Polar Circles, are immoveable ciicles, parallel to 
the equator, and at fuel) a diilauce from the pole as is 
equal to the great ell declination of the ecliptic, which 
now is *3° it,'. That next the northern pule is called 
•the ardtic, and that next the fouthern one the antarctic. 

Circles of Ptfuictt . are circles palling through the 
Common interfediions of the horizon and meridian, and 
through any degree of the ecliptic, or the centre of any 
ftar, or other point in the heavens; and are tiled for 
finding out the fituation or politico of any dar. Thefe 
are ufually fix in number, cutting the equinoctial into 12 
equal parts, which the adrulogers call the Ccleltial 
Houfcs, and hence they are fometiines called Circles 
cf the CVlediul Houfcs. 

.CIRCUIT, Eh-Uric ah denotes the courfe of the elec¬ 
tric fluid from the charged fuifaee of an electric 
body, to the Oppofite furface, into which the difeharge 
is made. Some electricians at full appr< bended, 
that the fame particles of the cledtrie fluid that weic 
thrown on one fide of the charged glafs, adtually made 
the whole circuit of the intervening conductors, and ar¬ 
rived at the oppofite tide: whereas Dr. franklin's 
theory only requires, that the redundancy of cledtrie 
matter on the charged furface fliould pafs i:.to thofe 
bodies which form that part of the circuit which is con¬ 
tiguous to it, driving forward that pail of the fluid which 
they naturally poffefs; and that the deficiency of the ex- 
haulled furface fhould be fupplied by the neighbouring 
'conductors, which form the lall part of the circuit. 
On this fuppolition, a vibrating motion is fuccefiively 
communicated through the whole length of the circuit. 

Many attempts were made, both in France and Eng¬ 
land, at an early period in the practice of electricity, 
to. afeertain the dtflanee to which the cledtiic (hock 
might he carried, and the velocity of its motion. The 
French philofophcrs, at different times, caufed it to pals 
through circuits of 900 and even 2000 toifes, or about 
2 Englilh miles and a half; and they difeharged the 
Leyden phial through a bafon of water, whofc furface 

was 
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was .equal to about one acre. M. Monier found that, 
in pauing through an iron wire of 950 toifes in length, 
it did not fpend a quarter of a fecond; and that its 
motion was inftantaneous through a wire of 1319 feet. 
In 1747, Dr. Watfon, and other Englifh philofophcrs, 
after many experiments of a fimilar kind, conveyed the 
eleftric matter through a circuit of 4 miles; and, from 
two feveral trials, they concluded that its paflage is 
inhantancous. By all which doubtlefs is meant, that 
its motion is too rapid to be mcafured. Prieftley's Hift. 
of Ele£L vol. 1, pa. 128, 8vo edit. 

CIRCULAR, appertaining to a circle ; as a circu¬ 
lar form, circular motion, &c. 

Circular Lina, a name given by feme authors to 
fuch ftraight lines as art divided by means of the clivi- 
fions made in the arch of a circle. Such as the Sines, 
Tangents, Secants, &c. 

Circular Numbers , are fuch as have their powers 
ending in the roots themfelves. As the number 5, 
wliofc fquare is 25, and its cube 127, &c. 

Napier’s Circular Parts, are five parts of a right- 
angled or a quadruntal fphcrical triangle 5 they arc 
the two legs, the complement of the hypothenufe, 
and the complements of the two oblique angles. 

Concerning thefe circular parts, Napier gave a ge¬ 
neral rule in his Logarithmorum Canonis Defcriptio, 
which is this; “ The rcflargle under the radius and the 
fine of the middle part, is equal to the reflasegle undtr the 
tangents of the adjacent parts, and to the redangle under the 
eo/ines of the opptdlteparts. The right angle or quadrantal 
fide being negleflcd, the two tides and the comple¬ 
ments of the other three natural parts are called the cir¬ 
cular parts; as they follow each other as it were in a 
circular order. Of tliefe, any one being fixed upon as 
the middle part, thofe next it arc the adjacent, and thofe 
fartheft from it the oppofitc parts.” Lord Buchan’s 
Life of Napier, pa. 98. 

This rule contains within itfelf all the particular 
rules for the folution of right-angled fphcrical triangles, 
and they were thus brought into one general comprc- 
henfive theorem, for the lake of the memory; as thus, 
by charging the memory with this one rule alone : All 
the calcs of right-angled fpherical triangles may be re- 
folvcd, and thofe of oblique ones alfo, by letting fall a 
perpendicular, excepting the two cafes in which theie 
are given cither the three (ides, or the three angles.— 
And for thefe a fimilar expedient has been deviled by 
Lord Buchan and Dr. hmito. “ M. Pingrc, in the 
Memoircs de Malhcniatique ct de I’hylique for. the 
year 1756, reduces the filiation of all the cafes of fphc¬ 
rical triangles to four analogies. Thefe four analogies 
are in fact, under another form, Napiei’s rule of the 
eiicular parts, and his fecond or fundamental theorem, 
with its application to the lupplemental triangle. Al¬ 
though it would be no difficult matter to get by heart 
the lour analogies of M. Pingie, yet there are few per- 
fous bkfl'cd with a memory capable of retaining them 
for any conliderablc time. For this rcafon, the rule for 
the circular parts ought to be kept under its prefect 
burn. If the reader attends to the circumilance of the 
fecond letters of the words tangents and erf ties being the 
i.une with the firil of the words adjacent and eifipof.te, he 
will find it almofl. impoffiblc WTorgct the rule.* And 
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the rule for the folution of the two cafes of fpherical 
triangles, for which the former of itfelf is inefficient, 
may be thus exprefied: Of the circular parts ofan oblique 
Jpherical triangle, the redangle under the tangents of half 
the fum and half the difference of the fegments at the middle 
part (formed by a perpendicular drawn from an angle 
to the oppofite fide), is equal to the reilang/e under the 
tangents of half the fum and half the difference of th't op - 
pnjtte parts . By the circular parts of an oblique fphe¬ 
rical triangle are meant its three fides and the fupple- 
ments of its three angles. Any of thefe fix being 
afiumed as a middle part, tbc oppofite parts are thofe 
two of the fame denomination with it, that is, if the 
middle part is one of the fides, the oppofitc parts arc 
the other two, and, if the middle part is the fupplc- 
ment of one of the angles, the oppofitc parts ate the 
fupplements of the other two_Since every plane tri¬ 

angle may be confidered as deferibed on the furface of 
a fphere of an infinite radius, thefe two rules may be 
applied to plane triangles, provided the middle part 
be reftrifltd to a fide. 

“ Thus it appears that two fimplc rules fufficc for 
the folution of all the pofiiblt cafes of plane and fphc¬ 
rical triangles. Thefe rules, from their neatnefs and 
the manner in which they are exprefied, cannot fail of 
engraving themfelves deeply on the memory of every 
one who is a little verfed in trigonometry. It is a 
circumftance worthy of notice, that a perfon of a very 
weak memory may carry the whole art of trigonometry 
iu his head.” Napier’s Life, pa. 102. 

Circular Sailis.g, is that performed in the arch of 
a great circle.—It is chiefly on account of the fhorteft 
distance that this method of failing has been propofed ; 
and for the moll part it is advantageous for a fliip to 
reach her port by the (horteft courfe. . 

As the folutions of the cafes in Mercator’s failing 
are performed by plane triangles; fo the cafes in great- 
circle failing are rcfolved by the folution of fpherical 
triangles. But, after all, the feveral cafes in tin’s kind 
of failing ferve rather for excrcifes in the folution of 
fpherical triangles, than for any real ufe towards the 
navigating of a fliip. 

Circular Spots arc made on pieces of metal by 
large elc£iiital explolions. See Pliilof. Tranf. vol. 58, 
pa. 6S; alfo Pricilley’s Hill, of Elcftrioity, vol. 2, 
icCl. 9, edit. 8vo. 

Thefe beautiful fpots, produced by the moderate 
charge of a large battery, difchaigcd between two 
fmooth furfaces of metals, or femi-metals, lying at a 
final! diilr.nce from each other, con fill of one central 
fpot, and feveral concentric circles, which are more or 
lefs diftinet, and mote or fewer in number, as the metal 
upon which they are imu ked is more caly or difficult 
of fufioii, and ns a greater or lefs force is employed. 
They are computed of dots or cavities, which indicate 
a real fufion. if the explolion of a battery, bluing 
font a pointed body, he repeatedly taken on the plain 
furface of a piece of metal near the point, or be re¬ 
ceived from the furface on a point, the metal will 
be marked with a fpot, coutilling of all the prifmatic 
colours dilpofed in ciieles, and founed by feales of 
the metal feparaied by the force of the cxplolion. 

Circular J'lhclty, a teir.i its e.ltrenumy Ogu; tying 
P p ’ that 
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that velocity of a planet, or revolving body, which is 
meafured by the arch of a circle. 

Circulating Decimate , called alfo recurring' or 
repeating decimals, are thofe in which a figure or feve- 
ral figures are continually repeated. They are diftin- 
g> lifted into Jingle and multiple , and thefe again into 
pure and mixed. 

A pure Jiugle circulate, is that in which one figure 

only is repeated j as ‘2 2 2 &c, and is marked thus *2. 

A pure multiple circulate, is that in which fereral fi¬ 
gures arc continually repeated; as *13? 323 See, marked 
.23; and *524524 &c, marked ‘52+. 

A mixed finale circulate, is that which confifts of a 
terminate part, and a finglc repeating figure; as 4*2 22 

t: c, 01*4*2. And 

A mixed multiple circulate is that which contains a 
terminate part with feveral repeating figures; 3345*524. 

That part of the circulate which repeats, is called 
the r,pet end: and the whole repetend, fuppofed infinite¬ 
ly continued, is equal to a vulgar fra£*ton, ivhofc nu¬ 
merator is the repcating'number, or figures, and its de¬ 
nominator the fame number of nines: fo ’2 is = J; 
and *23 is = ;and -524 isrr^f^* 

It fee ms it was Dr. Wallis who firft diftinftly con* 
fidcred, or treated of infinite circulating decimals, as 
he hhiifelf informs us in his Treatife of Infinites. Since 
his time many other authors have treated on this part 
of arithmetic; the principal of thefe however, to whom 
the art is moilly indebted, are Meffrs. Brown, Cunn, 
Martin, Emerfon, Malcolm, Donn, and Henry Clarke, 
in whole writings the nature and pra&ice of this art 
may be fully feen, efpccially in the laft mentioned in¬ 
genious author, 

CIRCUMFERENCE, in a general fenfe denotes 
the line or lines bounding any figure. But it is com¬ 
monly ufed in a more limited fenfe, to denote the curve 
line which bounds a circle, and which is otherwife called 
the periphery ; the boundary of a right diced figure be¬ 
ing exprefled by the term perimeter. 

The circumference of a circle is every where equidif- 
tant from the centre. And the circumferences of different 
circles are to one another as their radii or diameters, or 
the ratio of the diameter to the circumference is a con- 
flant ratio, in every circle, which is nearly as 7 to 22, as 
it was found by Archimedes, or, more nearly, as 1 to 
3*1416. Under the article Circle may be feen various 
other approximations to that ratio, one of which is 
carried to 128 places of figures, viz by M. De Lagny. 

The Circumference of every circle is fuppofed to be 
divided into 360 equal parts, called degrees. —Any part 
of a circumference is called an arc or arch; and a right 
line drawn from one end of an arc to the other, is called 
its chord. —The angle at the circumference is equal to 
half the angle at the centre. Handing on the fame arc; 
and therefore it is meafured by the half of that arc. 

CIRCUMFERENTOR, a particular inilrument 
ufed by furveyors for taking angles. It confifls of a 
hrafs circle and index all of a piece; the diameter of the 
circle is commonly about 7 inches; the index about 14 
inches long, and an inch and a half broad. O11 the cir¬ 
cle is a card or compafs, divided into 360 degrees; the 


meridian line of which anfwers to the middle of the 
breadth of the index. On the limb or circumference of 
the circle is foldered a brafs ring; which, with another 
fitted with a glafs, forms a kind of box for the needle, 
which is fufpended on a pivot in the centre of the circle. 
There arc alfo two fights to ferew on, and Aide up and 
down the index, as alfo a fpangle and focket ferewed on 
the under fide of the circle, to receive the head of the 
three-legged ftaff. 



To fate, or olferve the Quantity of an Angle hy the 
Circumferentor. The angle propofed being EK.G; 
place the inilrument at K, with the flower-de-luce of 
the card towards you ; then direct the fights to E, and 
obferve what degrees are cut by the fouth end of the 
needle, which let be *95 ; then, turning the inilrument 
about on its (land, direct the fights to G, noting again 
what degrees are cut by the fouth end of the needle, 
which fuppofe are 213. This done, fubtrad the lefs 
number from the greater, viz, 213 from 295, and the 
remainder, or 82 degrees, is the quantity of the angle 
EKG fought. 

CIRCUMGYRATION, is the whirling motion 
of any body about a centre; as of the planets about the 
fun, &c. 

CJRCUM POLAR Stare, are thofe ftars which, 
by reafon of their vicinity to the pole, move round 
it, without fetting. 

CIRCUMSCRIBED Figure, is a figure which is 
drawn about another, fo that all its Tides or planes 
touch the latter or inferibed figure. 

The area and perimeter of every polygon that can 
be circumfcribed about a circle, are greater than thofe 
of the circle ; and the area and perimeter of every in- 
fenbed polygon, are lefs than thofe of the circle ; but 
they approach always nearer to equality as the number 
of Tides is more. And on thefe principles Archimedes, 
and Tome other authors fince his time, attempted the 
quadrature of the circle; which is nothing elfe, in efifed, 
but the mcafuring the area or capacity of a circle. 

Circumscribed Hyperbola, is one of Newton’s hy¬ 
perbolas of the 2d order, that cuts its afymptotes, and 
contains the parts cut off within its own fpace. 

CIRCUMVALLATIQN, or Line of Circumval- 
lation, in the Art of War, is a trench, bordered with a 
parapet, thrown up around the brfieger’s camp, as a 
iccurity again(l any army that may attempt to relieve 
the place, as well as to prevent defertion. 

CIRCUMVOLUTION, in Archite&urc, the torus 
of the fpirnl line of the Ionic Order. 

CISSOID, is a curve line of the fecond order, in. 

vented 
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vented by Diodes for the purpofe of finding two con¬ 
tinued mean proportionals between two other given 
lines. The generation or dcfcription of this curve is as 
follows: 

On the extremity B of the di¬ 
ameter AB of the circle A OB, 
creft the indefinite peipendicu- 
lar CBD, to which from the 
other extremity A draw feveral 
lines, cutting the circle in I, 0 ,N, 

8 cc ; and upon thefc lines let off 
the corretponding equal dif- 
tances, viz, HM sss AI, and 
FO = AO, and CL = AN, 

&c; then the curve line drawn 
through all the points M, O, L, 

&,c, is the ciffoid of Diodes, 
who was an ancient Greek geo¬ 
metrician. 

This curve is, by Newton, 
reckoned among the defediive 
hyperbolas, being the 4 2d fpecies 
in his Enumeratio Einearum ter - 
tii ordinii. And in his appen¬ 
dix de sEquationum Conflruttwnc 
J.ineari, at the end of his 
Arithmetic a Univerfalisy he gives another elegant method 
of deferibing this curve by the contiuiial motion of a 
fquare ruler. Other methods have alfo been devifed by 
different authors for the fame thing. 

The Properties of the Ciffoid are the following: 

1. The curve has two infinite legs AMOL, A mol 
meeting in a cufp A, and tending continually towards 
the indefinite line CBD, which iB their common afymp- 
tote. 

2. The curve paffcs through O and 0, points in the 
circle equally diftant from A and B j or it bifedts each 
femicircle. 

3. Letting fall perpendiculars MP, IK from any cor- 
refponding points I, M ; then is AP == BK, and AM 
= HI, bccaufe AI = MH. 

4. AP : PB : : MP* : AP*. So that, if the diame¬ 
ter AB be — a, the abfeifs AP = x, and the ordi¬ 
nate PM = y ; then is x : a — x : s jr* : **, or x* = 
a — x X y 1 i which is the equation of the curve. 

5. Sir Ifaac Newton, in his lad letter to M. Leibnitz, 
has (hewn how to find a right line equal to one of 
the legs of this curve, by means of the hyperbola ; but 
he fujpprefifrd the invclligation, which however may be 
feen in his Fluxions. 

6 . The whole infinitely long ciflbidal fpace, con¬ 
tained between the infinite afymptote BCD, and the 
curves LOAo/ &c, of the ciffoid, is equal to triple the 
generating circle AOBoA. 

See more of this curve in Dr. Wallis, vol. 1 , pa. 545. 

CIVIL Day. See Day. 

Civil Month. See Month . 

Civil Pear, is the legal year, or annual account of 
time, which every government appoints to be ufed 
within its own dominions. 

It is fo called in contradiftin&ion to the natural year. 



which is meafured exa&Iy by the revolution of tfi* 
heavenly bodies. 

CLAIRAULT (Alexis-Claude), a celebrated 
French mathematician and academician, was born at 
Paris the 13th of May 1713, and died the 17th of May 
1765, at 52 years of age. His father, a teacher of 
mathematics at Paris, was his folc inftru&or, teaching 
him even the letteis of the alphabet on the figures of 
Euclid’s Elements, by which he was able to read and 
write at 4 years of age. By a fimilar (Iratagcm it was 
tl at calculations were rendered familiar to him. * At 9 
years of age he put into his hands Guifn&r’s Application 
of Algebra to Geometry ; at to he ft tidied PHopital's 
Conic Sedlions; and between 12 and 13 he read a 
ms m nr to the Academy of Sciences concerning four 
new Geometrical curves of his own invention. About 
the fame time he laid the firft foundation of bis work 
upon curves that have a double curvature, which be 
finiftied in 1729, at >6 years of age. He was named 
Adjoint-Mechanician to the Academy in 1731, at the 
age of 18, Affociate in <733, and Penfioner in 1738; 
during his connexion with the Academy, he had a 
great multitude of learned and ingenious communica¬ 
tions inferted in their Memoirs, beiidc feveral other 
works which he published feparatcly ; the lift of which 
is as follows. 

1. On Curves of a Double Curvature ; in 1730, 4to. 

2. Elements of Geometry ; 1741, 8vo. 

3. Theory of the Figure of the Earth j 1743, ® TO * 

4. Elements of Algebra; 1746, 8 vo. 

Tables of the Moon ; 17J4, 8vo. 

His papers inferted in the Memoirs of the Academy 
are too numerous to be particularifcd hen ;; but they 
may be found from the year 1727, for almoft every year 
till 1*62 ; being upon a variety of fubje&s, aftrono- 
mical, mathematical, optical, &c. 

CLAVIUS (Christopher), a German Jefuit, wa* 
born at Bamberg in Germany, in 1337. He became 
a very ftudious mathematician, and elaborate writer; 
his works, when colle&ed, and dofely printed, making 
y large folio volumes ; being a complete body or courfe 
Of the mathematics. They arc moftly elementary, and 
commentaries on Euclid and others; having very little 
of invention of his own. His talents and writings have 
been varioufly fpoken of, and it muft be acknowledged 
that they are heavy and elaborate. He was lent for to 
Rome, to aifill, with other learned men, in the refor¬ 
mation of the calendar, by pope Gregory ; which he 
afterward undertook a defence of, againft Scaliger, 
Vieta, and others, who Attacked it. He died at Rome, 
the 6th of February, 1612, at 75 years of age, after 
more than 50 years elofc application to the mathema¬ 
tical fcicnces. 


CLEFF. See Cliff. 

CLERC (John lk), a celebrated writer and uni- 
verfal fchoiar, was born at Geneva in 1657. After 


palling through the ufual courfe of ftudy at Geneva, be 
went to France in 1678 ; but returning the year after, 
he took holy orders. In 1682 LeClerc vifited England, 
to learn the language : but the fmokv air of London 
not agreeing with liis lungs, he foon returned to Hol¬ 
land, where he fettled ; and was appointed profeffor of 
philoiophy, polite literature, and the 1 lebrevv tongue, 
in the fcliool at Am (lei dam. Here be long continued 
P p 2 to 
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to read left urea; for which purpofc he drew up and 
publiftied iiis Logic, Ontology, Pncumatologr, and 
Natural Philofophy. He publilhcd alfo An Crlt'ua ; 
a Commentaiy on the Old Teftament j a Compendium 
of Univerfal Hiftory; an Ecclcfiaftical Hiftory of the 
two fir(l centuries; a French translation of the New 
Teftament, and other works. In 1686, he began, 
jointly with M. de la Crofe, his llibliotkeque UniverJ'elle 
et I/ijhi-iquc , in imitation of other literary journals •, 
which was continued to the year 1603, making 26 
volumes. In 1703 he began his Bibliotbeque Choifie, 
and continued it to 1714, when lie commenced another 
work on the fame p’an, called Bibliotbeque Ancicnne et 
jlfoderne, which he continued to the year 17281 all of 
them jullly edeemed excellent itores of nfcful know¬ 
ledge. He puhlithcd alfo, in 1713, a neat little treatife 
on l’raiftical Geometry, in 2 vols. fmall 8vo, called, 
Pratique tic la Gcnr^^it, fur le papier et fur It terrain. 
In 1728 he was fc’zed with a palfy and fever; and, 
after fpetiding the lall fix years of his life with little or 
110 underdanding, he died in 1736, at 79 yearsof age. 

CLEPSYDRA, a kind of water clock, or an hour- 
glafs ferving to tncafure time by the fall of a certain 
quantity, commonly out of one vefi'cl into another.— 
There have been alfo clepfydrx made with quicklilvcr; 
and the term is alfo ufed for liour-glaffcs of fund. 

By this inllrumcnt the Egyptians meafured their 
time and the courfc of the fun. Allb Tycho Brahe, 
in modern times, made ufe of it to meafnre the motion 
of the flars, &c ; and Dudley ufed the fame contrivance 
in making all his maritime obfervations. 

The ufe of Clepfydrss is very ancient. They were 
probably invented in Egypt under the Ptoleniys; 
though fome authors aferibe the invention of them to 
the Greeks, and others to the Romans. Pliny informs 
us, that Scipio Nafica, about 1 >0 years before Chritt, 
gave the firit hint for the conftruftion of them : ami 
Pancirollus has particularly deferibed them. According 
to his account, the clepfydra was a veil'd made of glafs, 
with a fmall hole in the bottom, edged with gold : in 
the upper part of this veflel a line was drawn, and marked 
with the 12 hours : the veflel was filled with water, and 
a cork with a pin fixed in it floated on the furfacc, 
pointing to the firil hour; and as the water funk in the 
veflel by iflliing out of the fmall hole, the pin indi¬ 
cated the other hours as it defeended. 

Clepfydrx were chiefly ufed in the W’inter ; as fun- 
dials ferved for the fummer. They had however two 

B eat defeats; the one, that the water ran out more or 
s eafily, as the air was more or lefs denfe ; the other, 
that the water flowed more rapidly at the beginning, 
than towards the conclufion when its quantity and pref- 
ftire were much decreafcd. Amontons has invented a 
clepfydra which, it is faid, is free from both thefe in¬ 
conveniences ; and the fame effett is produced by otic 
deferibed by Mr. Hamilton, in tbe Plnlof. Tranf. vol. 
44, pa. 171, or Abridg. vol. 10, pa. 248. Varignon 
too, in the Memoires del'Acad. 1699, deliveis a general 
geometrical method of making clepfydrx, or water- 
clocks, with any kind of veflels, and with any given 
orifices for the water to run through. 

Vitruvius, in lib. 9 of his Achitcifture, treats of thefe 
inftruments; and Pliny in chap. 60, lib. 7, fays that 
Scipio Nafica was the full who meafured time at Rome 


by clepfydrx, or water-clocks. Gefner, in his Pan- 
deifts pa. 91, gives fcveral contrivances for thefe inftru¬ 
ments. Solomon dc Cans alfo treats on this fubjeft in 
his Reafons of Moving Forces Sec. So alfo does Oza* 
nam, in his Mathematical Recreations, in which is con¬ 
tained a Treatife on Elementary Clocks, tranflated from 
the Italian of Dominique Martinelli. There is like- 
wife a treatife on Hour-Glafles by Arcangelo Maria 
Radi, called Nova Scciuza de Horutogi Pulvere. Sec 
alfo the Technica Cur’wfa of Gafper Schottus; and 
Amonton’s Renuirqties Sc Experiences Phyfiqucs fur 
la Conilru&ion d’une nouvelle Clepfydrc, cxempte des 
defauts ties autres. 

CLIFF, or Cleff, a term in Mufic, for a certain 
mark, from the polition of which the proper places of 
all other notes in a piece of mufic are known. 

CLIMACTERIC, a critical year in a perfon’s life. 

According to fome, this is every 7th year : but others 
allow it only to tliofe years produced by multiplying 7 
by the odd numbers 3, 5, 7,9. Tiicfe years, lay they, 
bring with them fome remarkable change with refpeth 
to health, life, or fortune: the grand climacteric is the 
63d year ; but fome add alfo the bill to it: the other 
remarkable clima&crics arc the 7th, 2 ill, 35th, 49th, 
and 56th. 

CLIMATE, or Clime , in Geography, apart of the 
furface of the earth, bounded by two lcUer circles paral¬ 
lel to tbe equator ; and of Inch a breadth, as that the 
longcft day in the parallel nearer the pole exceeds the 
longcil day in that next the equator, by ionic certain 
fpace, as half an hour, or an hour, or a mouth. 

Tbe beginning of a climate, is a parallel circle in 
which the day is the fliortell ; and the end of the cli¬ 
mate, is that in which the day is the- longed. The cli¬ 
mates therefore are reckoned from the equator to the 
pole; and are lo many zones or bands, terminated by 
lines parallel to the equator : though, in ftrictnefs, there 
are fcveral climates, or dilFennt degrees of light or 
temperature, in the breadth of one zone. Each cli¬ 
mate only differs from its contiguous ones, in that the 
longed day in fummer is longer or fhorter, by half ati 
hour, for inftance, in the one place than in the other. 

As the climates commence at the equator, at the be¬ 
ginning of the full climate, that is at the equator, the 
day is juft 12 hours long ; but at the end of it, or at the 
beginning of the 2d climate, the longed day is 1 2 hours 
and a half long; and at tin* end of the 2d, or begin¬ 
ning of the 3d climate, the longell day is 13 hours long; 
and fo of the red, as far as the polar circles, where the 
hour climates terminate,and month climates commence* 
And as an hour climate is a fpace comprifcd between 
two parallels of the equator, in the fird of which the 
longed day exceeds that in the latter by half an hour; 
fo the month climate is a fpace contained between two 
circles parallel to the polar circles, and having its lunged 
day longer or fhorter than that of its contiguous one, 
by a month, or 30 days. 13 ut fome authors, as Ricci- 
olus, make the longed day of the contiguous climates 
to differ by half hours, to about the latitude of 4; de¬ 
grees; then to differ by an hour, orfometimes 2 hours, 
to the polar circle ; and after that by a month each. 
See tables of climates in Varenitis, chap. 25, prop. 13. 

The ancients, who confined the climates to wlrnt they 
thought the habitable parts of the earth, reckoned only 

feven. 
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feven, the middles of which they made to pafs through 
•fome remarkable places; as the i ft through Meroe, the 
2d through Sienna, the 3d through Alexandria, the 4U1 
through Rhodes, the 5th through Rome, the 6th 
through Pontus, and the 7th through the mouth pf the 
Boryifhenes. But the moderns, who have failed far¬ 
ther toward the poles, make 30 climates on each fide. 

Vulgarly the term Climate is bellowed on any country 
or region differing from another either in refpedl of the 
feafons, the quality of the foil, or even the manners of 
the inhabitants ; without any regard to the length of the 
Iongeft dav. Abulfeda, an Arabic author, diltinguiftics 
the fir (l kind of climates by the term real climates, and 
the latter by that of apparent climates. 

CLOCK, a machine now conftruflcd in fucli a man¬ 
ner, and lo regulated by the uniform motion of a pen¬ 
dulum, as to meaiure time, and all its fubdivifions, with 
great exadlnefs. Before the invention of the pen¬ 
dulum, a balance, not unlike the fly of a kitchen-jack, 
was ufed i nit tad of it.—They were at firft called noc¬ 
turnal dials to diftinguilh them from fun-dials, which 
(hewed the hour by the fhadow of the fun. 

The invention of clocks with wheels is aferibed to 
Pat ificus, archdeacon of Verona, in the 9th century, 
on the credit of an epitaph quoted by Ughclli, and bor¬ 
rowed by him from Panviaius. Others attribute the 
invention to Boethius, about the year 510. 

Mr. Derham, however, makes clock-work of a much 
older date ; ranking Archimedes’s fphere, mentioned 
by Claudian, and that of Pofidonius, mentioned by 
Cicero, among machines of this kind : not that either 
their form or ufe were the fame with thofe of ours; but 
that they had their motion from fome hidden weights, 
or fprings, with wheels or pulleys, or fome fuch clock¬ 
work principle. 

In the Dfquifitiones Monet file a of Bcncdi&us Haef- 
ten, publifhed in the year 1644, he fays, that clocks 
were invented by Silveftcr the 4th, a monk of his order, 
about the year 998, as Dithmarus and Bozins have 
(hewn ; for before that time, they had nothing hut fun- 
dials and clepfydra: to (hew the hour.—Conradc Gefner, 
in his Epitome, pa. 604, fays, that Richard Walling¬ 
ford, an Englifh abbot of St. Albans, who flouriilied in 
the year 1326, made a wonderful clock by a moll excel¬ 
lent art, the like of which.could not be produced by all 
Europe.—Moreri, under the word Horologe du Palais, 
fays, that Charles the Fifth, called the wife king of 
France, ordered at Palis the lirft large clock to be made 
by Henry de Vie, whom he fent for from Germany, and 
fet it upon the tower of his palace, in the year 1372.— 
John Froiffar^in his Hifioire Chronique, vol. 2, ch. 28, 
fays, the dukeof Bourgogne had a clock, which founded 
the hour, taken away from the city of Coin tray, in tlee 
year 13S2 : and the fame thing is faid by Win. Paradin, 
111 his Annales de Bourgogne. 

Clock-makers were firft introduced into England in 
1368, when Edward the 3d granted a licence for three 
art ids to come over from Delft in Holland, and prattife 
their occupation in this country. 

The water-clocks, or elepfydne, and fun-dials, have 
both a much better claim to antiquity. The French 
annals mention one of the former kind, fent by Aaron, 
king of Perfia, to Charlemagne, about the year 807, 
which it would feem bore fome rcfemblance to the 


modern clocks : it was of brafs,.and (hewed the hour* 
by 12 little balls of the fame metal, which at the end 
of each hour fell upon a bell, and made a found. There 
were alfo figures of 12 cavaliers, which at the end of 
each hour came out through certain apertures, or win¬ 
dows, in the fide of the clock, and fliut them again, icc. 

The invention of pendulum clocks is owing'to the 
happy induftry of the laft age; and the honour of that 
difeuvery is difputed between Galileo and Huygens. 
The latter, who wrote an excellent volume on the fub- 
jedt, declares it was firft put in pradliee in the year 
1657, and the defeription of it printed in 16 j8. Bcclier, 
De Nova Temporis dimetiendi Theorist , anno i68q, con¬ 
tends for Galileo; and relates, though at fecond-hand, 
the whole hiftory of the invention; adding that one 
Trefler, clock-maker to the father of the then grand 
duke of Tufcany, made the fnft pendulum clock at 
Florence, under the direction of Galileo Galilei, a pat¬ 
tern of which was brought to Holland. And the Aca- 
demy del Cimcnto fay exprefsly, that the application 
of the pendulum to the movement of a clock was firft 
propofed by Galileo, and put in pradliee by his fou 
Vincenzo Galilei, in 1649. But whoever may have 
been the inventor, it is certain that the invention never 
flourifhed till it came into the hands of Huygens, who 
infills on it, that if ever Galileo thought of Rich a thing, 
he never brought it to any* degree of perfection. The 
firft pendulum clock made in England was in the year 
1662, by one Fromantil, a Dutchman. 

Among the modern clocks, thofe of Stiafburg and 
Lyons are very eminent for the lichnefs of their furni¬ 
ture, and the variety of their motions and figures. In 
the former, a cock claps his wings, and proclaims the 
hour: the angel opens a door, and falutcs the Virgin ; 
and the holy fpirit defetnds on her, &c. In the latter, 
two horfemen encounter, and beat the horn; upon each 
other : a door opens, and there appears on the theatta 
the Virgin, with Jefus Chrift in her arms; the Magi, 
with their retinue, marching in order, and prefenting 
their gifts ; two trumpeters founding all the while to 
proclaim the proccilion. 

Thefe, however, are far excelled by two that have 
lately been made by Englifli artifts, as a prefent from 
the Eall-India company to the emperor of China. 
Thefe two clocks are in the form of chariots, in each 
of which a lady is placed, in a fine attitude, leaning- 
hcr right baud upon a part of the chariot, under which 
appears a clock of curious workman(hip, little larger 
than a (hilling, that (Irikes and repeats, and goes for 
eight days. Upon the lady’s finger fits a bird, finely 
modelled, and fet with diamonds and rubies, with its 
wings expanded in a flying poftuic, and actually flutters 
fur a conliderahle time, on touching a diamond button 
below it; the body of the bird, in which are contained 
part of the wheels that animate it as it were, is lefs 
than the 16th part of an inch. The lady hohls in her 
left hand a golden tube little thicker than a large pin, 
on the top of which is a final! round box, to which is 
fixed a circular ornament not larger than a iixpence, 
fet with diamonds, which goes round in near three 
hours in a conftant regular motion. Over the lady’s 
head is a double umbrella, fupported by a (mail fluted 
pillar not thicker than a quill, and under the larger of 
which a bell is fixed at a confiderable di(lance from the 
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clock 1 with which it feems not to have any connexion ; 
but from which a communication is (Secretly conveyed 
to a hammer! that regularly (trikes the hour, and re¬ 
peats the fame at pleafure, by touching- a diamond but¬ 
ton fixed to the clock below. At the feet of the lady 
is a golden dog; before which, from the point of the 
chariot, are two birds fixed on fpiral fprings, the wings 
and feathers of which are fet with (tones of various co¬ 
lours, and they appear as if flying away with the 
chariot, which, from another (Secret motion, is'cotitrived 
to run in any direction, either ftraight or circular, &c; 
whilit a boy, that lays hold of the chariot behind, feems 
aUo to pu(h it forwards. Above the umbrella are 
flowers and ornaments of precious flones; and it ter¬ 
minates with a flying dragon fet in the fame manner. 
The whole is of gold, molt curioufly executed, and 
embcllifhed with rubies and pearls. 

The ingenious Dr. Franklin contrived a clock to 
(hew the hours, minutes, and feconds, with only three 
wheels and two pinions in the whole movement. The 
dial-plate has the hours engraven upon it in fpiral fpaces 
along two diameters of a circle, containing four times 
<6o minutes. The index goes round in four hours, and 
counts the minutes from any hour by which it has palled 
to the next following hour. The fmall hand, in an 
arch at top, goes round once in a minute, and (hews 
the feconds. The clock is wound up by a line going 
over a pulley, on the axis of the great wheel, like a 
common 30 hour clock. Many of thefe very Ample 
machines have fince been conftrudled, that meafure time 
exceedingly well. This clock is fiibjedt, however, to 
the inconvenience of requiring frequent winding, by 
drawing up the weight} as alto to fomc uncertainty as 
to the particular hour (hewn by the index. 

Mr. Fergufon has propofed to remedy thefe incon¬ 
veniences by another conftru&ion, which is deferibed 
in his Select Exercifes, pa. 4. This clock will go a 
week without winding, and always (hews the precife 
hour; but, as Mr. Fergufon acknowledges, it has two 
difadvantages which do not belong to Dr. Franklin’s 
dock : when the minute hand is adjufied, the hour 
plate mult alfo be fet right, by means of a pin ; and 
the fmalinefs of the teeth in the pendulum wheel will 
caufethe pendulum ball to defcribe but fmall arcs in its 
vibrations; and therefore the momentum of the ball 
will be lefs, and the times of the vibrations will be more 
afle&ed by any unequal impulfc of the pendulum wheel 
on the pallets. Belides, the weight of the flat ring, 
on which the (econds are engraven, will load the pivots 
of the axis of the pendulum wheel with a great deal of 
fridtion, which ought by all pofiible means to be avoided. 
To remedy this inconvenience, the feconds plate might 
be omitted. 

Mr. Fergufon alfo contrived a clock, (hewing the 
apparent diurnal motions of the fun and moon, the age 
and phafes of the moon, with the time of her coming 
to the meridian, and the times of high and low water ; 
and all this by having only two wheels and a pinion 
added to the common movement. Sec his Selc6t Exer- 
cifes before mentioned. In this clock the figure of the 
fuu ferves as an hour index, by going round the dial- 
plate in 24 hours; and a figure of the moon goes round 
in 24 h. 564 min. the time of her going round in the 
heavens from any meridian to the fame meridian again. 


A clock of this kiad was adapted by Mr. Fergufou t» 
the movement of an old watch. See alfo a dcicription 
and drawing of an aftronomical dock, (hewing the ap¬ 
parent daily motions of the fun, moon, and flars, with 
the times of their riling, fouthing, and fetting; tho 
places of the fun and moon in the ecliptic, and tne age 
and phafes of the moon for every day of the year, ta 
the fame book, pa. lg. 

There have been fcvcral treatifes upon clocks; the 
principal of which are the following. Hieronymus 
Cardan, de Varietate Rerum libri 17.—Conrade Dafy- 
podius, Defcriptio Horologii Aftronomici Argentinen- 
fis in fumma Templi eredli.—Guido Pancirofius, An- 
tiqua deperdita & nova reperta.—L’Ufagc du Cadran, 
011 de I’Horloge Phyfique Univcrfelle, par Galilee* 

Mathematicien du Due de Florence.-Oughtred’a 

Opufcula Mathematica.—Huygens's Horologium Ofcil- 
latorium.—Pendule perpetuelle, pur I’Abbe de Hautc- 
feuille.—J. J. Becheri Theoria Sc Expericntia de nova 
Temporis dimetiendi Ratione & Horologiorum Con- 
ftrudlione.—-Clark’s Oughtredus explicatus, uhi de 
Conllru&ione Horologiorum.—Horological Difquifi- 
tions.—Huygens’s PulThumous Works.--Sully’s Regie 
Artificielle du Temps, &c.—Servicrc’s Rccucil d’Ou- 
vrages Curieux.—Derham’s Artificial Clock-maker.— 
Camus’s Traites des Forces Mouvantcs.—Alexandre’s 
Traite General dcs Horologies.—Alfo Trcatifcs and 
Principles of Clock-making, by Hatton, Cuming, 
&c. ficc. 

CLOUD, a collr&ion of vapours fufpended in the 
atmofphere, and rendered vifihle. 

Although it be generally allowed that the clouds are 
formed from the aqueous vapours, which before were 
fo clofely united with the atmofphere as to be invifi- 
ble: it is, however, not eafy to account for the long 
continuance of fome very opaque clouds without dil- 
folving; or to aflign the rcafon why the vapours, when 
they have once begun to condcufe, do not continue to do 
fo till they at lail fall to the ground in the form of rain 
or fnow, See. It is now known that a reparation of the 
latent heat from the water of whic h vapour is compofed 
is attended with a condenfation of that vapour in fome 
degree ; in fuch cafe, it will firfl appear as a fmoke, 
milt, or fog ; which, if interpofed between the fun and 
eaitli, will form a cloud ; and the fame caufts conti¬ 
nuing to operate, the clond will produce rain or fnow. 
It is however abundantly evident that fome other caufe 
belides mere heat or cold is concerned in the formation 
of clouds, and the condenfation of atmofpherical va¬ 
pours. This caufe is tftecmtd in a great meafure the 
electrical fluid ; indeed electricity is now fo generally 
admitted *is an agent in all the great' operations of 
nature, that it is no wonder to find the formation of 
clouds attributed to it; and this has accordingly been 
given by Beccaria as the caufe of the formation of all 
clouds whatfoever, whether of thunder, rain, hail, or 
fnow. 

But whether the clouds are produced, that is, the 
atmofpheric vapours rendered vifible, by means of elec¬ 
tricity or not, it is certain that they do often contain 
the eleflric fluid in prodigious quantities, and many 
terrible and deftrudtive accidents have been occafioned 
by clouds very highly cledtrified. The mod extraordi¬ 
nary n Ranee of this kind perhaps on record happened 
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in the rfiand of Jam, in the Eaft-Indies, in Auguft, 
177s. On the 11 th of that month, at midnight, a 
bright eland was obforved covering a mountain in the 
4 iftri& called Cheribou, and feveral reports like thofe 
of a gun were heard at the fame time. The people 
who dwelt upon the upper parts of the mountain not 
being able to fly fad enough, a great part of the cloud, 
eight or nine miles in circumference, detached itfelf 
under them, and was feen at a diftancc, riling and fall¬ 
ing like the waves of the fea, and emitting globes of 
lire fo luminous, that the night became as clear as day. 
The effe&s of it were aftonifhing ; every thing was de- 
ftroyed for 20 miles round ; the houfes were demolifh- 
ed; plantations were buried in the earth; and 2140 
people loft their lives, befidcs 150c head of cattle, and 
a vaft number ©f liorfcs, goats, &c. Another remark¬ 
able inftance of the dreadful cffedls of ekftric clouds, 
which liappened at Malta the 29th of October 1757, 
is related in Brydone’s ’I'our through Malta. 

The height of the clouds is not ufually great: the 
fummits of high mountains being commonly quite free 
from them, as many travellers have experienced in paf- 
fing thefe mountains. It is found that the moft highly 
eledrifled clouds dtfeend loweft, their height being 
often not more than 7 or 800 yards above the ground; 
and fometimes thunder-clouds appear adually to touch 
the ground with one of their edges: but the generality 
of clouds arc fufpended at the height of a mile, or 
little more, above the earth. 

The motions of the clouds, though often diieded 
by the wind, arc not always fo, cfpccially when thunder 
is about to tnl'ue. In this cafe they are feen to move 
very flowly, or eveu to appear quite flationary for fume 
time. The reafon of this probably is, that they are 
impelled by two oppolite 11 reams of air nearly of equal 
ltrcngtli ; and in fuch cafes it feems that both the 
aerial currents afeend to a confiderable height ; for 
MetT. Chailes and Robert, when endeavouring to avoid 
a thunder cloud, in one of their aerial voyages with a 
balloon, could find no alteration in the comfe of the 
current, though they afeended to the height of 4000 
feet above the earth. In fome cafes the motions of the 
clouds evidently depend on their elc&ricity, indepen¬ 
dent of any curient of air whatever. Thus, in a calm 
and warm day, final! clouds are often feen meeting rack 
other in oppolite directions, and fetting out from fuch 
ihoit diftances, that it cannot be fuppofed that any 
oppolite winds are the caufe. Such clouds, when they 
meet, inftead of forming a larger one, become much 
fmaller, and fometimes quite vanilh ; a circurnflance 
moft probably owing to the difeharge of oppofite elec¬ 
tricities into each other. And this fervesalfo to thtow 
fome light on the ttuc caufe of the formation of clouds; 
for if two clouds, the one ekdtrified pofltively, and the 
other negatively, deftroy each other on contaft, it fol¬ 
lows that any quantity of vapour fufpended in the at- 
tnofphere, while it retains its natural quantity of elec¬ 
tricity, remains invifible, but becomes a cloud when 
eledrifled either plus or minus. 

The fliapes of the clouds are alfo probably owing to 
their ele&ricity ; for in thofe feafons in which a great 
commotion has been excited in the atmofpherical elec¬ 
tricity, the clouds are feen affirming itrangc and whim- 
Seal (bapes, that are continually varying. This, as 
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well as the meeting of fmall clouds in. the air, and va- 
nifhing upon contad, is a fure fign of thunder. 

The ufes of the clouds are evident, as from them 
proceeds the rain that rtfrefliee the earth, and without 
which, according to the prefent Hate of nature, the 
whole furface of the earth mull become a mere defeit. 
They are likewife ufeful as a fercen intetpofed between 
the earth and the fcorching rays of the fun, which are 
often fo powerful as to dellroy the grafs and other 
tender vegetables. In the more fecret operations of 
nature too, where the elcdric fluid is concerned, the 
clouds bear a principal (hare; and chiefly ferve as 
a medium for conveying that fluid from the atmofphcre 
into the earth, and from the caith into the atmofphere: 
in doing which, when eledrifled to a great degree, 
they fometimes produce very terrible efieds; an in¬ 
ftance of which is related above. 

CLOUTS, in Artillery, are thin plates of iron nailed 
on that part of the axle-tree of a gun-carriage which 
comes through the nave, and through which the linf- 
pin goes. 

CLUVIER, wCl'jtkrius, (Philip), a celebrated 
geographer, was born at Dantzic in 1 580. After an 
education at home, he travelled into Poland, Germany, 
and the Netherlands, to improve himfelf in the know¬ 
ledge of the law. But, when at Leyden, Jofcph Scaliger 
perftnded him to give way to his genius for geogiaphy. 
In purfuance of this advice, Cluvicr viflted the g reatcll 
part of the European Hates. He was well flailed in 
many languages, fpeaking half a (bore with facility, 
viz, Greek, Latin, German, French, Englifh, Dutch, 
Italian, Hungarian, Folifh, and Bohemian. On his 
return to Leyden, he taught there with great applalife; 
and died in 1623, being only 43 years of age, juftly 
eftcemcd the fir ft geographer who had put hisrefearches 
in order, and reduced them to certain principles. He 
was author of feveral ingenious works in geography, 
viz : 

1. De ‘Tril/ut Rlteni Ahvcls . 

2 . Germania Antigua. 

3. Italia Antigua, Sicilia, Sardinia, if Gorfica. 

4. IntroduSio in Unroerfam Geographiam. 

COASTING, is that part of Navigation in which 

the places are not far afunder, fo that a (hip may fail in 
fight of land, or within foundings between them. 

COCHLEA, one of the five Mechanical powers, 
otherwife called the Screw; being fo named from the. 
refemblancc a ferew bears to the fpiral (hell of a fnail, 
which the Latins call Cochlea. See Screw, and Me¬ 
chanical Renners. 

COCK of a Dial , the pin, ftyle, or gnomon. 

COEFFICIENTS, in Algebra, are numbtrs, or 
given quantities, ufually prefixed to letters, or unknown 
quantities, by which it is fuppofed they are multiplied; 
and fo, with fuch letters, or quantities, making a pro¬ 
duct, or coefficient production; whence the name. 

Thus, in 3 a the coefficient is 3, in bx it is b, and in 
ex* it is t. if a quantity have no number prefixed, 
unity or 1 is undtriluod ; as a is the fame ns 1 a, and 
be the lame as 1 be. The name coefficient was firft give# 
by Vieta. 

In any equation fo reduced as that its high* ft power 
or term has 1 for its coefficient; then the coefficient of 
the 2d term is equal to the fum of all the roots, both 
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fodtive and negative ; fo that if the ad term is wanting 
in an equation, the fum of the pofitivc roots of that 
equation is equal to the fum of the negative roots, us 
they mutually balance and cancel each other. Alfo the 
coefficient of the 3d term of an equation is equal to the 
fum of all the n dlangles ariling by the multiplication of 
every two of the roots, how many ways i'oever they can 
he combined by twos ; as once in the quadratic, 3 times 
in the cubic, 6 times in the biquadratic equation, &c. 
And the coefficient of the 4th trim of an equation, is 
the fum of all the folids made by the continual multi- 
plication of every thtec of the roots, how often foever 
lech a ternary can be had ; as once in a cubic, 4 times 
in a biquadratic, 10 times in an equation of 5 dimeu* 
lion?, fee. And thus it will go on inHnitely. 

Coefficients of the fame Order, is uUnn fome- 
times ufed for the coefficients prefixed to the fame uu- 
known quantities, in different equations. 

I" ax + ly + ex zz in. 

Thus in the equations -j dx + ry -j- fx = n, 

U ,jr + k> + = P, 

the coefficients a, d, g, are of the fame order, being 
the coefficients of the fame letter x ; alfo h, e, h are of 
the fame older, being the coefficients of y ; and fo on. 

Oppfite Coefficients, fuch as are taken each from 
a different equation, and from a different order of co¬ 
efficients. Thus, in the foregoing equations, a, e, k, 
or a, h, f, or d, b, l, &c, are oppofite coefficients. 

COEI.ESTIAL. See Celsstial. 

COFFER, in Architecture, a fquare depreffure or 
finking, in each interval between the inodillions of the 
Coriuthian cornice; ufually filled up with n role; fomc- 
titnes with a pomegranate, or other enrichment. 

COFFER, in Fortification,-denotes a hollow lodg¬ 
ment, atliwart a dry moat, 6 or 7 feet deep, and 16 
or 18 broad. The upper pait of it is made of pieces 
of timber, raifed 2 feet above the level of the moat ; 
the elevation having hurdles laden with earth for its 
covering, and ferving as a parapet with embrazures. 

'Flic coffer is nearly the fame with the caponiere, 
excepting that this lait is fometimes made beyond the 
counterfearp on the glacis, and the coffer always in the 
’ moat, taking up its whole breadth, which the caponiere 
Iocs not. 

It differs from thetraverfe and gallery, in that thefe 
are made by the befiegers, and the coffer by the 
bdiegeJ. 

The befieged commonly make ufe of coffers to re- 
pulfc the befiegers, when they endeavour to pafs the 
ditch. And, on the ocher hand, the befiegers, to faye 
tl.icmftlvcs from the fire of thefe coffers, throw up the 
eattli 011 that fide towards the coffer. 

COFFER- /Jams, oe Ratardeaux, in Bridge-building, 
are inclofutes formed for laying the foundation of piers, 
and for other works in water, to exclude the furround- 
ing water, and fo prevent it from interrupting tin? 
workmen. , . 

Thel’c inelofares arc fometimes Angle, and fometimes 
double, with clay ramined between them; fometimes 
they are made with piles driven clofe by one another, 
and fometimes the piles are notched or dove-tailed into 
one another j but the moft ufual method is to drive 
piles with grooves in them, at the diflance of five or fix 
feet from each other, and then boards arc let down 


between them, after which the water is pumped out, 

COGGESHALL’s Sliding-Rule, an iuftrumetit ufed 
in Gauging, and fo called from its inventor. See the 
defeription and ufe under Slidin o-Ru/e. 

COHESION, one of the four fpecies of att raft ion, 
denoting that force by which the parts of bodies adhere 
or flick together. 

This power was firft confidcred by Newton as one 
of the properties cffeutial to all matter, and the caufe 
of all that variety obferved in the texture of different 
terreftrial bodies. He'did not, however, nbfolutely de¬ 
termine that the power of cohcfion was an immaterial 
one ; but that it might poffibly arife, as well as that of 
gravitation, from the aftion of another. His doftriue 
of cohcfion Newton delivers in thefe words: “ The 
particles of all hard homogeneous bodies, which touch 
one another, cohere with a great force ; to account for 
which, fome philofophcrs have recourfe to a kind of 
hooked atoms, which in effeft is notiiing elfe but t» 
beg the thing in qaeftion. Others imagine that the 
particles of bodies arc councftcd by reft, i. e. in effeft 
by nothing at all; and others by coufpiring motions, 
i. e. by a relative reft among themfelvcs. For myfelf, 
it rather appeals to me, that the particles of bodies 
cohere by an attractive force, whereby tjjcy tend mu¬ 
tually toward each other: which force, in the very 
point of contaft, is very great ; at little dillances is 
lefs, and at a little farther diltance is quite infciifible.” 

It is uncertain in what proportion this force dt- 
crcafcs as the tlillancc increafes: Defagulicrs conjec¬ 
tures, from fome phenomena, that it dccrcafcs as the 
biquadratic or 4th power of the diltance, fo that at 
twice the diflance it afts 16 times more weakly, &c. 

“ ‘Now if compound bodies be fo hard, as by ex¬ 
perience we find ioine of them to be, and yet have a 
great many hidden pores within them, and confift of 
parts only laid together ; no doubt thofe fimple parti¬ 
cles which have no pores within them, and which weic 
never divided into parts, muft be vaftly harder. Fi r 
fuch hard particles, gathered into a mafs, cannot pof¬ 
fibly touch in more than a few points: and therefore 
much lefs force is required to fever them, than to break 
a folid particle, whofe parts touch throughout all their 
furfaces, without any intermediate poVea or interftices. 
But how fuch hard particles, only laid together, and' 
touching only in a few points, (hould come to cohere 
fo firmly, as in faft we find they do, is inconceivable; 
uulcfs there be fome caufe, whereby they are attrafted' 
and pi died together. Now the tmalleft particles of 
matter may cohere .by the ftrougeft attt aft ions, and: 
conilitute larger, whofe attrafting force is feebler: 
and again, many of thefe larger particles cohering* 
may conftitutc others Hill larger, whofe attractive force 
is llill weaker; anil fo on for fcvcral fucceffions, tilt 
the progreflion end in the biggefl particle, on which 
the operations in chcmiftry, and the colours of natural 
bodies, do depend; and which by cohering compofe 
bodies of a fcnfible magnitude.’*' 

Again, the opinion maintained by many is that which 
is fo ftrongly defended by J. Bernoulli, De Gravitate 
JRtherit ; who attributes the cohcfion of the parts of 
matter to the uniform preffurc of the atmoiphcrc; 
confirming this opinion by the known experiment of 
two polilhcd marble planes, which cohere very ftrongly 
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in the open air, but eafily drop afunder in *n exhauftcd 
receiver. - However, if two plates of thia kind be 
fm eared with oil, to fill up the pores in their furfaces, 
and prevent the lodgment of air, and one of them be 
gently rubbed upon the other, they will adhere fo 
wrongly, even when fufpended in an exhaufted receiver, 
that the weight of the lower plate will not be able to 
fcparate it from the upper one. But although this 
theory might ferve tolerably well to explain the co» 
hefion of compofitions, or greater colle&ions of matter} 
yet it falls far fhort of accounting for that firft cohefion 
of the atoms, or primitive corpufcles, of which the 
pai tides of hard bodies are compofed. 

Again, fome philofophers have pofitivcly a flirted, that 
the powers, or means, are immaterial, by which matter 
coheres; and, in confeqitcnce of this fuppofition, they 
have fo refined upon attra&ions and repulfions, that 
their fy items feem but little fhort of fcepticifm, or de¬ 
nying the exigence of matter altogether. A fyftem of 
this kind is adopted by Dr. PrieAlcy, from Meffrs. 
Bofcovich and Michcll, to folve fome difficulties con¬ 
cerning the Newtonian do&rine of light. See his 
Hiftory of Vifion, vol. i. pa. 392. “ The eafieft me¬ 

thod,” fays he, “ of folving all difficulties, is to adopt 
the hypothefis of Mr. Balcovich, who fuppofes that 
matter is not impenetrable, as has been perhaps univer- 
fally taken for granted ; but that it confifts of phyfleal 
points only, endued with powers of attra&ion and rc- 
pulfion in the fame manner as folid matter is generally 
fuppofed to be: provided therefore that any body move 
with a fufficient degree of velocity, or have a fufficient 
momentum to overcome any powers of rcpulfion that 
it may meet with, it will find no difficulty in making 
its way through any body whatever; for nothing elle 
will penetrate one another but powers, fuch as we know 
do in fail exift in the fame place, and counterbalance 
or over-rule one another. The moil obvious difficulty* 
and indeed almoft the only one, that attends this hypo- 
tkefis, as it fuppofes the mutual penetrability of matter, 
arifes from the idea of the nature of matter, and the 
difficulty we meet with in attempting to force two 
bodies into the fame place. But it is demonfirable, 
that the firft obflru&ion arifes from no n&ual contaft 
of matter, but from mere powers of rcpulfion. This 
difficulty we can overcome; and having got within 
one fphere of rcpulfion, we fancy that wc are now im¬ 
peded by the folid matter itfelf. But the very fame 
is the opinion of the generality of mankind with rcfpe& 
to the firft obftru&ion. Why, therefore, may not the 
next be only another fphere of rcpulfion, which may 
only require a greater force than we can apply to over¬ 
come it, without disordering the arrangement of the 
conftitucnt particles ; but which may be overcome by 
a body moving with the amazing velocity *f light?* 
Other philofophers have fuppofed that the powers 
both of gravitation and cohefion are material; and tlnrt 
they are only different a&ions of the cthcria! fluid, or 
elementary fire. In proof of this do&ruie, they allege 
the experiment with the Magdeburg hemifpheres, as 
they arc called. The preffure of the afmofjphcre we 
fee is, in this cafe, capable of producing a very ftrong 
cohefion; and if there be in nature any fluid more 
penetrating, at well as more powerful in its effe&s, 
than the air wc breath, it is pufliblc that what is called 
Vol. L 


the attra&ion of cohefion may in fome meafure be an 
effe£l of the a&ion of that fluid. Such a fluid as thia 
is the element of fire. Its a&ivity is fuch as to pene¬ 
trate all bodies whatever t and in the (late in which it 
is commonly called fire, it a&s according to the quanv 
tity of folid matter contained in the body. In this 
ftate, it is capable of diffolving the ftrongeft -cohefions 
obferved in nature. Fire, therefore, being able to dif- 
folve cohefions, mull alfo be capable of caufing them, 
provided its power be exerted for that purpofe, whiqh 
poffikly it may be, when we confidcr its various modes 
or appearances, viz, as fire or heat, in which ftate it 
confumcs, deftroys, and diflblves; or as light, when it 
feems deprived of that deitru&ive power; and as the elec¬ 
tric fluid, when it-attra&s, repels, and moves bodies, in 
a great variety of ways. In the Philof. Tranf. for 1777 
this hypothefis is noticed, and in fome meafure adopted 
by Mr. Henly. “ Some gentlemen (fays he) have fup¬ 
pofed that the ele&ric matter is the caufe of the cohe¬ 
fion of the particles of bodies. If the ele&ric matter 
be, as I fufptft, a real elementary fire inherent in all 
bodies, that opinion may probably be well founded; 
and perhaps the foldering of metals, aud the cementa¬ 
tion of iron, by fire, may be confidered as ftroog proofs 
of the truth of their hypothefis.” 

But whatever the caufe of cohefion may be,'its effe&a 
are evident and certain. The different degrees of it 
conftitute bodies of different forms and properties. 
Thus, Newton obferves, the particles of fluids, which 
do not cohere too ftrongly, and are fmall enough to 
render them fufceptihle of thofe agitations which keep 
liquors in a fluor, are moft eafily leprated and rarefied 
into vapour, and make what tne chemifts call volatile 
bodies; being rarefied with an eafy heat, and again 
condenfed with a moderate cold. Thofe that have 
grofler particles, and fo are lefs fufceptible of agitation, 
or cohere by a ftrongcr attra&ion, arc not (eparable 
without a greater degree of heat $ and fome of them 
not without fermentation : and thefe make what the 
chemifts call fixt bodies. 

Air, in its fixed ftate, poflefies the interftices of folid 
fubftances, and probably ferves as a bond of union to 
their conftitucnt parts; for when thefe parts are fepa- 
rated, the air is difeharged, and recovers its elafticity. 
And this kind of attra&ion is evinced by a variety of 
familiar experiments 5 as, by the union of two conti¬ 
guous drops of mercury; by the mutual approach of 
two pieces of cork, floating near each other in a bafon 
of water $ by the adhefion of two leaden balls, whofe 
furfaces arc fl-rapcd and joined together with a gentle 
twifl, which h la c-ontiderable, that, if the furfaces are 
about a quarter of an inch in diameter, they will not 
be feparated by a weight of 100 lb ; by the afeent of 
oil or water between two glafs planes, fo as to form 
the hyperbolic curve, when they are made to touch on 
one fide, and kept ieparate at a fmall diftance on the 
other; by the depreifon of mercury, and by the rife 
of water in capillary tubes, and on the fides of glafa 
vcflels; alfo in fugar, fponge, and all porous fubftances. 
And where this cohenve attra&ion ends, a power of 
repulfion begins. 

To detehnine the force of cohefion, tn a variety of dif¬ 
ferent fubftances, many experiments have been made, 
and particularly by profeflbr Mufchcnbrock, The ad- 
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hefion of polifhed pianos, about two inches in diameter, 
heated in boiling water, and fmeared with greafe, 
required the following weights to feparate them: 


Cold greafe Hot greafe 
130 lb - 300 lb 

1 jo - 800 

200 - 850 

225 • 600 

150 - 250 

300 - 95b 

But when the Brafs planes were made to adhere by 
other forts of matter, the refulta wcie as in the follow* 
iug table: 


Planes of Glafa 
. Brafs 
Copper 
Marble 
Silver 
Iron 


Water 

* 

12 OX 

Oil 

m 

18 

Venice Turpentine 

- 

*4 

Tallow Candle 

- 

800 

Rofm 

«• 

8 jo 

Fitch 

- 

1400 


In eftimating the Abfolute Cohejion of folid pieces of 
bodies, he applied weights to feparate them according 
to their length : his pieces of wood were long fquare 
parallclopipedons, each fide of which was •26 of an 
inch, and they were drawn afunder by the following 
weights 

Fir - - 600 lb 

Elm - - 950 

Alder - - 1000 

Linden tree * - xcco 

Oak - - 1x50 

Beech - - 1250 

Afli - - 1250 

He tried alfo wires of metal, i-ioth of a Khinland 
inch in ‘diameter t the metals and weights were as 
follow : 


Of Lead 

• 

m 

294 lb 

Tin 

- 

- 

4°4 

Copper 

- 

- 

2 99 $ 

Yellow Brafs 

- 

• 

360 

Silver 

- 

- 

37 ° 

Iron 


- 

450 

Gold 

• 

- 

Ijoo 

le then tried the 

Relative Cohtjton 9 

or the force 


with which bodies refill an adlion applied to them in 
a direction perpendicular to their length. For this 
purpofe he fixed pieces of wood by one end into a 
fquare hole in a metal plate, and hung weights towards 
the other end, till they broke at the hole: the weights 
and diitanccs from the hole are exhibited in the follow- 


ing table. 

Diftance 

Weight 

Fine 

gl inc 

364 oz 

Fir 

9 

40 

Beech 

7 

S6i 

Elm 

9 

44 

Oak 


48 

Abler - 
See his Elem. 
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COLD, the privation of heat, or the oppofite to it. 
As it is fuppofed that heat confifts in a particular 
motion of the parts of the hot body, hence the nature 
«f cold, which is its opjpofite, is deduced; for it is 
Sound that cold cxtinguiihet, or rather abates heat; 
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hence it would feem to follow, that thofe bodies are 
cold, which check and reftrain the motion of the part, 
tides in which heat confifts. 

In general, cold contracts moil bodies, and heat ex¬ 
pands them: though there are foine in fiances to the con ¬ 
trary, efpecially in the extreme cafes or Hates of thefe qua¬ 
lities of bodies. Thus, though iron, in common with 
other bodies, expand with heat, yet, when melted, it is 
always found to expand in cooling again. So alfo, 
though water always is found to expand gradually 
as it is heated, and to contrail as it cools, yet in the 
ail of freezing, it fuddenly expands again, and that 
with a moft enormous force, capable of rending rocks, 
or burfting the very thick fiiells of metal, &c. A com¬ 
putation of the force of freezing water has been made 
by the Florentine Academicians, from the burlting of 
a very ftrong brafs globi or (hell, by freezing water 
in it; when, from the known thickuels and tenacity of 
the metal, it was found that the expanfive power of a 
fpherule of water only one inch in diameter, was fufli- 
cient to overcome a refiilance of more than 27,000 
pounds, or 13 tons and a half. See all'o experiments 
on burfting thick iron bomb-lhells by freezing water 
in them by Major Edward Williams of the Royal Ar¬ 
tillery, in the Edinb. Philof. Tranf. -oh 2. 

Such a prodigious power of expaniion, almoft double 
that of the moll powerful fteam eng.”cs, and exerted 
in fo fmall a mafs, fecmingly by the force if cold, was 
thought a very powerful argument in favour of thofe 
who fuppofed that, cold, like heat, is a poiitive fub- 
ftancc. Dr. Black’s difeovery of latent heat, however, 
has now afforded a very eafy and natural explication 
of this phenomenon. He has fhewn, that, in the ait 
of congelation, water is not cooled more than it was 
before, but rather grows warmer: that as much heat 
*is difeharged, and pafics from a latent to a fallible 
ftatc, as, had it been applied to water in its fluid Hate, 
would have heated it to 135°. In this proccfs, the 
expanfion is occafioncd by a g r cat number of minute 
bubbles fuddenly produced. Formerly thefe were fup¬ 
pofed to be cold m the abftmil; and to be fo fubtle, 
that, infinuating themfclvcs into the fubftanccs of the 
fluid, they augmented its bulk, at the fame time that, 
by impeding the motio: of its particles upon each 
other, they changed it from a fluid to a folicl. Bui 
Dr. Black (hews that thefe arc only air extricated dur¬ 
ing the congelation ; and to the extrication of this air 
lie aferibes the prodigious expanfive force exerted by 
freezing water. The only queftion therefore now re¬ 
maining, is, By what means this air comes to be extri¬ 
cated, a.id to take up mure room than it naturally docs 
in the fluid. To this it may be anfwered, that per¬ 
haps part of the heat which is difeharged from the 
freezing water, combines with the air in its unelaflic 
date, and, by reftoring its elaflicity, gives it that extra¬ 
ordinary force, as is feen alfo in the cafe of air fudden¬ 
ly extricated in the explofion of gun-powder. 

Cold alfo ufually tends to make bodies define, 
which are not fo naturally, and to increafe the electric 
properties of fuch as are fo. And it is farther found 
that all fubftanccs do not tranfmit cold equally well j 
but that the bell conductors of ele&ricity, viz metals, 
are likewife the bed conductors of cold. It may far¬ 
ther beatddod,-that when the cold has been carried to 
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fuch an extremity as to render any body an eledirtc., it 
♦then ceafra to conduct the cold fo well as before. This 
is'exemplified in the practice of the Laplanders and Si¬ 
berians ; where, to exclude the extreme cold of the 
winters from their habitations the more effectually, and 
yet to admit a little light, they cut pieces of ice, which 
in the winter time muft always he eledtric in thofe 
countries, and put them into their windows; which 
they find to be much more effectual in keeping out the 
cold than any other fubllance. 

Cold is the dcilroycr of all vegetable life, when in- 
creafed to an exceffivc degree. It is found that many 
garden plants and flowers, which fie cm to be very flout 
and hardy, go offat a little inereafe of cold beyond the 
ordinary flandard. And in fevere winters, nature has 
provided the bell natural defence for the com fields and 
gardens, namely, a covering of fnow, which preferves 
inch parts green and healthy as are under it, while fuch 
as are uncovered by it are either killed or greatly injured. 

Dr. Clarke is of opinion, that cold is owing to cer¬ 
tain nitro is, and other faline particles, endued with par¬ 
ticular figures proper to produce fuch effects. Hence, 
ltd-ammoniac, faltpetre, or fait of urine, and many other 
•olatile anti nlkaiizate falts, mixed with water, very 
much inereafe its degree of cold. In the Philof. 
Tranf. number 2 74, M. Geoffroy relates fome remarkable 
experiments with regard to the production of cold. 
Four ounces of fid-ammoniac diffolved in a pint of wa¬ 
ter, m ule his thermometer defrend 2 inches and £ in 
Ufa than 17 minutes. An ounce of the fame fait put 
mu 4 or £ ounces of diflillcd water, made the thermo- 
iv ’ter defrend 2 inches and 4 - Half an ounce of 
fid-ammoniac mixed with 3 ounces of fpirit of nitre, 
m tie tin thermometer defeend 2 inches and ; but, 
on tiling fpirit of vitriol inflead of nitre, it funk 2 inches 
and J. In this laft experiment it was remarked, that the 
vapours raifrd from the mixture had a confidcrable de¬ 
gree of Ivat, though the liquid irfelf was fo extremely 
cold. Four ources of faltpetre mixed with a pint of 
water, funk ibe thermometer aft inch and I; but a like 
quant i<y of fea fait funk it only 3. of an inch. Acids 
always produced heat, even common fait with its own 
fpivi* Volatile alkaline falts produced cold iu propor- 1 
tion to their purity, Lut fixed alkalies heat. 

But the greateft degree of cold produced by the 
mixture of falts nnd aqueous fluids, was that ihewn by 
Homherg; who gives the following receipt for making 
the experiment: Take a pound or corroiive fublimate, 
and as much fal-ammoniac; powder them feparately, 
and mix the powders well; put the mixture into a vial, 
pouring upon it a pint and a half of di(tilled vinegar, 
{halting all well together. This compofition grows fo 
cold, that it can fcaree be held in the hand in fummer ; 
and it happened, as M. Homherg was making the ex¬ 
periment, that the matter froze. The fame thing once 
happened to M. Geoffroy, in making an experiment 
with fal-ammoniac and water, but it never was in his 
power to make it fucceed a fecund time. 

If, inflead of making thefe experiments with fluid wa¬ 
ter, it be taken in its congealed liate of ice, or rather 
fnow, degrees of cold will be produced greatly fuperior 
to any that have yet been mentioned. A mixture of 
flow and common frit finks Fahrenheit’s thermometer 
to o; pot allies mi pounded ice funk it 8 degrees far¬ 


ther; two affufions of fpirit of fait on potmded «« 
funk it 14 J below o; and by repeated affufions of fpi¬ 
rit of nitre M. Fahrenheit funk it to 40° below o. This 
is the ultimate degree of cold which toe mercurial ther¬ 
mometer will meafurc; for the mercury itfelf begins 
then to congeal; and therefore recourfe mutt afterwards 
be had to fpirit of wine, naptha, or fome other fluid 
that will not congeal. The greateft degree of cold 
hitherto produced by artificial means, has been 8o° be¬ 
low o; which was done at Hudfon’s Bay by means of fnow 
and vitriolic acid, the thermometer (landing naturally at 
20° below o. I ndeed greater degrees of cold Shan this have 
been fuppofed: Mr. Martin, in his Trcatife on Heat, 
relates, that, at lvirenga in Siberia, the mercurial ther¬ 
mometer funk to 118° below o; and profeflor Brown 
at Peteifimrg, when he made the firit experiment of 
congealing quickfilvcr, fixed the point of congelation 
at 350° below o; but from later experiments it has 
been more- acc urately determined, that 40° below O is the 
freezing point of quickfilver. 

The rood remarkable experiment however was made 
by Mr. Walker of Oxford, with fpirit of nitre poured 
on Glauber’s fait, the effect of which was found to be 
fimilar to that of the fame fpirit poured on ice or fnow; 
and the addition of fal-ammoniac rendered the cold 
(till more intenfe. The proportions of thefe ingredients 
recommended by Mr. Walker, are concentrated nitrous 
acid two parts by weight, water one part; of this mix¬ 
ture, cooled to the temperature of the atmofohere, 18 
ounces; of Glauber’s fait, a pound and a half avoirdu¬ 
pois ; and of fal-ammoniac, 12 ounces. On adding the 
Glauber’s fait to the nitrous acid, the thermometer fell 
52 0 , viz from 50 to — 2 ; and on the addition of the fal- 
ammoniac, it foil to — 9 0 . Thus Mr. Walker was able 
to freeze quickfilver without either ice or fnowj when the 
thermometer flood at45°; viz, by putting the ingredients 
in 4 different pans, and inclofing thefe within each other. 

Excelfive degrees of cold occur naturally in many 
parts of the globe in the winter frafon. 

Although the thermometer in this country hardly 
ever defoends fo low as o, yet in the winter of 1780, 
Mr. W flfon of Glafgow obferved, that a thermometer 
laid on the fnow funk tu 25 0 below o; and Mr. Der- 
ham, in the year 170$, obferved in England, that the 
mercury flood within one-tenth of an inch of its ltation 
when plunged into a mixture of fnow and fait. At 
Peteriburg, iu 1732, the thermometer ftoo’d at 28* 
below o; and when the French academicians wintered 
near the j olar circle, the thermometer funk to 33 0 be¬ 
low o ; and in the Aliatic and American continents, 
llill greater degrees of cold are often obferved. 

The effects ofithefr extreme degrees of cold aie very 
furprifing. Trees are burff, rocks rent, and rivers and 
lakes frozen frverul feet deep: metallic fubllances blitter 
the (kin like red-hot iron: the air, when drawn in by 
breathing, hurts the lungs, and excites a cough : even 
the effects of fire in a gteat meafiue form to ceafe ; and 
it is obferved, that though metals are kept for a con- 
fiderable time before a ttrong fire, they will (till freeze 
water when thrown upon them. When the French 
mathematicians wintered at Tornea in Lapland, the ex¬ 
ternal air, .when fuddenlv admitted into their rooms, 
converted the moitturc of the air into whirls of fnow; 
their breads feemed to be rent when they breathed 
Qjl 2 it, 
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it, and the eontaft of it was intolerable to their bodies; 
.and the fpiritof wine, which had not been highly rec¬ 
tified, bum foine of their thermometers by the congela¬ 
tion of the aqueous part. 

Extreme cold too often proves fatal to animals in 
'thole countries where the winters are very fevere; 
thus 7000 Swedes perifhed at once in attempting to 
pafs the mountains which divide Norway from Sweden. 
But it is not neceflkry that the cold, in order to prove 
fatal to human life, fhould be Jo very intenfe as has juft 
been mentioned } it «s only requifitc to be a little be¬ 
low 32 0 of Fahrenheit, or the freezing point, accom-. 
panied with (now or hail, from which ihelter can¬ 
not be obtained. The fiiow which falls upon the 
clothes, or the uncovered parts of the body, then melts, 
and by a continual evaporation carries off the animal 
heat to fuch a degree, that a fufficient quantity is not 
left for the fupport of life. In fuch cafes, the perfon 
firft feels himielf extremely chill and uneafy ; he turns 
liftlefs, unwilling to walk or ufe exercife to keep him- 
felf warm, and at laft turns drowfy, Jits down to refrcih 
himfelf with deep, but wakes no more. 

COLLIMATION, Jane of, in a telefcope, is a line 
palling through the interfc&ion of thofe wires that are 
fixed in the focus of the objeft-glafs, and the centre of 
the fame glafs. 

COLLINS ( John ), an eminent accountant and ma¬ 
thematician, was born at Wood Eaton near Oxford, 
March 5, 1624. At 16 years of age be was put ap¬ 
prentice to a bookfeller at Oxford ; but his genius ap¬ 
peared fo remarkable for the ftudy of the mechanical 
and mathematical fciences, that he was taken under the 
tuition of Mr. Marr, who drew feveral curious dials, 
which were placed in different pofitions in the king's 
gardens; under whom Mr. Collins made no fmall pro- 
grefs in the mathematics. In the courfe of the civil 
wars, he travelled abroad, to profecute his favourite 
ftudy; and on his return he took upon him the profef- 
fion of au accountant, and publilhed, in the year 1652, 
a large work entitled. An JntroduSion to Mtrchants Ac- 
■ tompls ; which was followed by feveral other publications ■ 
on different brandies of accounts. In 1658, he publifli- 
cd a treatife called The Seflor on a Quadrant} containing* 
the defeription and ufe of four feveral quadrants, each 
accommodated to the making of fun-dials, & c ; to which 
he afterward added an appendix concerning reflefted 
< iJ diaHing, from a glafs placed reclining.—In 1659, he 
publilhed his Geometrical Dialling ,* and the fame year 
alfo his Mariner 1 i Plain Scale new plained .—Collins now 
became a fellow of the Royal Society in London, to 
which he made various communications; particular¬ 
ly fome ingenious chronological rules for the calendar, 
printed in the Philof. Trent number 46, for April 
1669 : alfo a curious differtation concerning the refolu- 
tion of equations in numbers, in number 61;, for March 
1671: an elegant conftntdion of the curious problem, 
having given the mutual diitances of three objefts in n 
plane, with the angles made by them at a fourth place 
m that plane, to find the diftance of this place from each 
of the three former, voL 6. pa. 2093 : and thoughts 
•bout fome defers in algebra, voL 14. pa. 375. 

Collins wrote alfo feveral commercial t rafts, highly ac¬ 
ceptable to the public; via, A Plea for bringing over 
liiJh cattle, and keeping out the fifit caught by foreign* 
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emFor the promotion of the Engtiih ftftieryFor 
the working the Tin-minesA Difcourfe of Salt an# 
Filhery. lie was frequently confulted in nice and Cri¬ 
tical cafes of accounts, of commerce, and engineering. 
On one of thefe occafions, being appointed to infpeu 
the ground for cutting a canal or river between the Ifis 
and the Avon, he contracted a diforder by drinking 
cyder when he was too warm, which ended in his death, 
the lotbof November 1683, at 59 years of age. 

Mr. Collins was a very ufeful man to the l’ciences, 
keeping up a conftant correfpondence with the molt 
learned men, both at home and abroad, and promoting 
the publication of many valuable works, which, but for 
him, would never have been focn by the public ; parti¬ 
cularly Dr. Barrow’s optical and geometrical lectures; 
his abridgment of the works of Archimedes, Apollonius, 
and Thcodofius; Breaker's trauftation of Rhror.iusV 
algebra, with Dr. Pell’s additions, &c; which were 
procured hy his frequent folicitations. 

It was a confidcrablc time after, that his papers were 
all delivered into the hands of the learned and ingeni¬ 
ous Mr. William Jones, F. R. S. among which were 
found manuferipts, upon mathematical fubjefts, of 
Briggs, Oughtred, Barrow, Newton, Pell, and many 
others. From a variety of letters from thele, and many 
other celebrated mathematicians, it appears that Collins 
fpared neither pains nor coft to procure what tended to 
promote real fcience: and even many of the late difeo • 
veries in phylical knowledge owe their improvement to 
him; for while he excited fome to make known every 
new and ufeful invention, he employed others to im¬ 
prove them. Sometimes he was peculiarly ufeful, by 
fhewing w'here the defeft was in any ufeful breuch of 
fcience, pointing out the difficulties attending the enqui¬ 
ry, and at other times fetting forth the advantages, and 
keeping up a fpirit and warm defire for improvement. 
Mr. Collins was alfo as it were the regiftcr of all the new 
improvements made in the mathematical fciences; the ma¬ 
gazine to which the curious had frequent recourfe: in fo 
much that he acquired &e appellation of the Englifh Mcr- 
fennus. If fome of his correfpondents had not obliged 
him to conceal their communications, there could have 
been no difputc about the priority of the invention of 
a method of analyfis, the honour of which evidently 
belongs to Newton ; as appears undeniably from the 
papers printed in the Commercium Epr/lolieum D. foan- 
nis Colltnt ahorum de Analgft promota ; jujfu Socictatis 
Regia in lucent editum, 1712 ; a work that was made out 
from the letters in the poffeffion of our author. 

COLLINS’s Quadrant. Sec Quad&ant. 

COLLISION, is the friftion, percuffion, or (hik¬ 
ing of bodies againft one another. 

Striking bodies are confidercd either as elaftic, or 
non-elsftic. They may alfo be either both in motion, 
or one of them in motion, and the other at reft. 

When non-daftic bodies ftrike, they unite together 
as one mafs; which, after collifion, either remains at 
reft, or moves forward as one body. But when elaftic bo¬ 
dies ftrike, they always feparate after die ftroke. 

The principal theorems relating to the collifion oi 
bodies, are the following t 

I. If any body impinge or aft obliquely on a plane 
furface; the force or energy of the ftroke, or anion, 
is as the fine of the eagle of incidence. Or the force 

upon 
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«pon the forface, U to the Tame when a&ing perpendi¬ 
cularly, as the fine of incidence is to radius. 

2. If one body ad on another, in any diredion, and 
by any kind of force ; the adionof that force on the 
fecond body is made only in a direction perpendicular 
to the furfaCe on which it ads. 

3. If the plane, a&ed on, be not abfolutely fixed, it 
will more, after the ftroke, in the diredion perpendicu¬ 
lar to its furface. 

4. If a body A ilrike another body B, which is either 
at reft, or elfe in motion, either towards A or from it; 
then the momenta, or quantities of motion, of the two 
bodies, eftimated in any one diredion, will be the very 
fame after the itrokc that they were before it. 

b -§-r 

Thus, firft, if A with a momentum of 10, ftrike B at 
reft, and communicate to it a momentum of 4, in the 
direction AB. Then there will remain in A only a 
momentum of 6 in that direction : which together with 
the momentum of B, viz 4, makes up ftill the fame 
momentum between them as before.—But if B were 
in motion before the ftroke, with a momentum of 5, 
in the fame diredion, and receive from A an additional 
momentum of 2 : then the motion of A after the ftroke 
will be 8, and that of B, 7 ; which between them make 
up 1 <r, the fame as 10 and 5, the motions before the 
ftroke.—JLaftlv, if the bodies move in oppofite direc¬ 
tions, and meet one another, namely A with a motion 
of 10, and B, of y ; and A communicate to B a motion 
of 6 in the direction AB of its motion: then, before 
the ftroke, the whole motion from both, in the direc¬ 
tion AB, is 10 — 5, or 5 : but after the ftroke the mo¬ 
tion of A is 4 in the diredion AB, and the motion of 
B is 6 — 5, or 1 in the fume diredion AB ; therefore 
the fum 4-f-1, or 5, is ftill the fame motion fiom both 
as it was before. 

5. If a hard and fixed plane be ftruck either by a fuft 
or a hard unelaltic body; the body will adhere to it. 
But if the plane be ftruck by a peri'cdly elaftic body, 
it will rebound from it with the fame velocity with 
which it ftruck the plane. 

6. The effed of the blow of the elaftic body, upon the 
plane, is double to that of the non-elaftic one ; the velo¬ 
city and mafs being the fame in both. 

7. Hence, non-elaftic bodies lofe, by their collifion, 
only half the motion that is loft by elaltic bodies } the 
jnaftes and velocities being equal. 



8. If an elaftic body A impinge upon a firm plane 
HE at the point B, it will rebound from it in an angle 
equal to that in which it ftruck it; or the angle ofinci-* 
dcnce will be equal to the angle of refiedion ; namely, 
the angle ABB = CBE. 

8-f--a 

9. If the non-elaftic body B, moving with the velo¬ 
city V in the diredion Bi, and the body b with the 
velocity v, ftrike each ether, the diredion of the mo¬ 


tion being in the line BC; then they will move after the 
ftroke wi$ a common velocity, which will be more dr 
lefs according as, before the ftroke, b moved towards B, 
or from B, or was at reft; and that common velocity, in 
each of thefe cafes, will be as follows: viz, it will be 

BV + bv w j ien ^ moved from B, * 


B -t- b 
BV - bv 


when b moved towards B, 


B + b 
BV 

when l was at reft. 


b + b 


For example, if the bodies or weights, B and b, be 
5lb and 31b ; and their velocities V and v, 60 feet and 
40 feet per fecond; then 300 and 120 will be their 
momenta BV and bv, and 18 = B + b the fum of the 
weights. Confequently the common velocity after the 
ftroke, in the three cafes above mentioned, will be 
thus, viz, 

300 4 - 120 420 . . n „ - 

- ---= -t—- or 23! m the firft calc, 

18 18 

900 — 120 180 - , r , r 

----= —— or 10 in the fecond Cafe, 

18 18 

3 00 


18 


or i6j in the third cafe. 


10. If two perfedly elaftic bodies impinge on each- 
other; their relative velocity is the fame both before and 
after the impulfe; that is, they wiU recede from each 
other with the fame velocity with which they approach¬ 
ed and met. 

It is not meant however by this tlieorem, that each 
body will have the very fame velocity after the impulfe 
as it had before; but that the velocity of the one, after 
the ftroke, will be as much increafed, as that of the 
other is decreafed, in one and the fame dire'dion. So, 
if the elaftic body B move with the velocity V, and 
overtake the elaftic body b, moving the fame way, with 
the velocity v ; then their relative velocity, or that 
with which they ftrike, is only V —1>; and it is with this 
fame velocity that they feparate from each other after 
the ftroke: but if they meet each other, or the body 
b move contrary to the body B; then they meet and 
ftrike with the velocity V -J- w, and it is with the fame 
velocity that they feparate again, and recede from each 
other after the ftroke : in like manner, they would ic- 
parate with the velocity V of B, if b were at reft before 
the ftroke. Alfo the fum of the velocities of the one body, 
is equal to the fum of the others. But whether they move 
forwards or backwards after the impulfe, and with what 
particular velocities, are circumftances that depend on-tne 
various mafiesand velocities of ilie bodies before the 
ftroke, and are as fpedfied in the next theorem. 

Xl. If the two eJattk bodies B and i move diicdly 
towarda each other, or dircdUy from each other, the 
former with the velocity V, and the latter with the ve 
locity v; then, after their meeting atul impulfe, the 
refpe&tve velocities of B and b in. the diredion BC, in 
the thre e cafes of motion, will be as follow: viz, 

2 bv 4- B — b. V 

the velocity of B}. 

15 H* b s 

zBV-iT=l.w v , 

1 u i 1 the velocity of pp, 

B 4 

when the bodies both moved, towards C before .the 
ftroke; and —ibv 
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—+ B — b. V 


2BV 


B +_ 
+ B 


b . e» 


the velocity of B, 
the velocity of t. 


B + h 

when B moved towards C, and b towards B before the 
ftroke 5 

w .. £ ■ X V the velocity of B, 

A> + O 

2 b 

— -- X V the velocity of b, 

when b was at reft before the ftroke. 

12 The motions of bodies after impadf, that ilxikc 
each other obliquely, arc thus determined. 



Let the two bodies B, l, move in the oblique direc¬ 
tions BA, bA. and ilrike each other at A with veloci¬ 
ties which are in proportion to the lines BA, bA. Let 
CAH reprefent the plane in which the bodies touch 
in the point of concourfc; to which draw the perpen¬ 
diculars BC, AD, and complete the redangles CE, DF. 
Now the motion in BA is refolved into the two BC, 
CA; and the motion in bA is refolved into the two 
41 ), 1 )A ; of which the antecedents BC, 4 D arc the 
velocities with which they ire&ly meet, and the con¬ 
sequents CA, DA'are parallel, and therefore by thefe 
the bodies do not impinge on each other, and con- 
fequently the motions according to thefe dire&ions will 
not be changed by the impulfc 5 fo that the velocities 
with which the bodies meet, are as BC or EA, and ZD 
or FA. The motions therefore of the bodies B, b, 
dircdly ftriking each other with the celerities EA, FA, 
will be determined by art. j r or 9, according as the 
bodies are elaftic or non-elaftic ; which being done, let 
AG be the velocity, fo determined, of one of them, as 
A; and lincc there remains alfo in the fame body a 
force of moving in the direction parallel to BE, with a 
velocity as BE, make AH equal to BE, and complete 
the redangle G 1 I: then the two motions in AH and 
AG, or HI, are. compounded into the diagonal A I, 
which therefore will be the path and celerity of the body 
B after the ftroke. And after the fame manner is the 
motion of the other body b determined after the impad. 

13. The ftate of the common centre of gravity of 
bodies is not affeded by the collifion or other adions of 
thofe bodies on one another. That is, if it were at reft* 
befoic their collifion, fo will it be alfo at reft after colli- 
iion j and if it were moving in any diredion, and with 
any velocity, before collifion; it will do the very fame 
after it. 

Sec more upon this fubjed under the article Per¬ 
cussion. 


COLONNADE, a Periftyle of a cireulir figure; w * 
Series of columns difpofed in a circle, tod infulaied 
within-fide. 

COLOUR, a property inherent in light, by which, 
according to the various fixes of its parts, or from 
fonie other caufe, it excites different vibrations in the 
optic nerve ; which, propagated to the fenfdrium, af- 
fed the mind with different fenfations. See the doc¬ 
trine of colours fully explained under Chromatics. See 
alfo Optics , Achromatic, and Telefcopc. 

CO L U MBA Noachi, Noah's Dove, a fmall conftel- 
lation in the fouthern heinifphere, confifting of ioftars. 

COLUMN, in Architecture, a round pillar, made 
to fupport or adorn a building. 

The column is the principal part of an architcdo- 
nical order, and is compofed of three parts, the bale. 
the ft aft, and the capital', each of which is fuhdi tided 
into a number of lefler parts, called members, or mouid- 
ings. 

Columns are different according to the different 
orders they are ufed in ; and alfo according to their 
matter, conftrudion, form, difpofition, and ufe. The 
proportion of the length of each to its diameter, and 
the diminution of the diameter upwards, are diverfly 
ilated by different authors. The medium of them is 
nearly as follows: 

The Tufcan is the fimpleft and fhorteft of all; its 
height 34 diameters, or 7 modules; and it diminilhes 
I part of its diameter. , 

The Doric is more delicate, and adorned with Out¬ 
ings; its height 7 J or H diameters. 

The Ionic is more delicate ftill, being 9 diameters 
long. It is diftingtiifhed from the reft by the volutes, 
or curled fcrolls in its capital, and by its bafe which is 
peculiar to it. 

The Corinthian is the richcft and mofl delicate of all 
the columns, being 10 diameters in length, and adorn¬ 
ed with two rows of leaves, and ftalks or flems, from 
whence fpring out fmall volutes. 

The Campofitc Column is alfo 10 diameters long, its 
capital adorned with rows ofleaves like the Corinthian, 
and with angular volutes like the Ionic. 

COLURES, are two great circles imagined to intcr- 
feft at right angles in the poles of the world, and to 
pafs, the one through the equinodtial points Aries and 
Libra, and the other through the folflitiul points 
Cancer and Capricorn; from whence they are called 
the Equinoctial and Solflitial Colures. By thus di¬ 
viding the ecliptic into four equal parts, they mark the 
four fcafons, or quarters of t he year. 

It is difputcd over what part of the back of Aries 
the equinodtial colurc paffed in the time of Hippar¬ 
chus. . Newton, in Iub Chronology, takes it to have 
been over the middle of the conftellation. Father 
Souciet infills that it paffed over the dodecatemorion 
of Aries, or midway between the rump and firit of the 
tail. There ftre fame observations in the Philof. Tranf. 
number 4G6, concerning the pofition of this colure in 
the ancient ipherc, from a draught of the conilellation 
Aries, in the Aratxa ptiblifhecl at Leyden and Am- 
fterdam in 1652, which feem to confirm Newton’s 
opinion ; but the antiquity aud authority of the origi¬ 
nal draught may ftill remain in queftion. 

COMA Berenices, Berenices Hair, a modern con- 

' ftcllatioa 
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Idhtioa of the northern hemifphere $ compofed of un¬ 
formed ftare between the Lion’s tail and Bootes. 

It is faid that this conftellation was formed by 
Conon, ah aftronomer, to confole the queen of Pto- 
lomy Euergetes, for the lofs of a lock of her hair, 
which was ftolen out ol the temple of Venus, where 
(he had dedicated it on Lccount of a victory obtained 
by her hufband. 

The ftara in this conftellation are, in Tycho’s cata¬ 
logue 14, in Hevelius’s 21, and in the Britannic ca¬ 
talogue 43. 

COMBINATIONS, denote the alternations or va¬ 
riations of any number of quantities, letters, founds, 
x>r the like, in all pollible ways. 

Father Merfenne gives the combinations of all the 
notes and founds in mafic, as far as 64 ; the fum of 
which amounts to a number exprclTcd by go places of 
figures. And the number of pofiihlc combinations of 
the 24 letters of the alphabet, taken firft two by two, 
then three by three, and fu on, according to Prcilet’s 
calculation, amounts to 

1391724288887252999425128493402200. 

Father Truchet, in Mem. de l’Acad. thews, that two 
fqunre pieces, each divided diagonally into two colours, 
may be arranged and combined 64 different ways, fo as 
to form fo many different kinds of chequer-work: a 
thing that may be of ufe to mafons, paviours, &c. 

Jiiflrine of Combinations. 

I. Having gi ven any number of things, with the num¬ 
ber in each combination ; to find the number of combinations. 

I. When only two are combined together. 

One thing admits of no combination. 

Two, a and b, admit of oneouly, viz ab. 

Three, a, b, c, admit of three, viz ab, ar, be. 

Four admit of fix, viz, ab, or, ad, be, bd, rd. 

Five admit of 10, viz, ab, ac, ad, ar, be, bd, be, ed, 
ce, de. 

Whence it appears that the numbers of combina¬ 
tions, of two and two only, proceed according to 
the triangular numbers t, 3, 6, 10, 15, 21, &c, which 
are produced by the continual addition of the ordinal 
ferics o, I, 3, 3, 4, 5, lev. And if n be the number 
of things, then the general formula for expreffing the 

fum of all their combinations by twos, will be —-. 


Thus, if n = 2 ; 

. . 3•: 
If r1 = 3 } it is =— 


thi% becomes 


= 6. See. 


2. When three are combined together ; then 
Three tilings admit of one order, abc. 

Four admit of 4; viz abc, aid, aed, bed. 

Five admit of 10; viz aW, aid, alt, aed, ace, ade, 
led, bee, bde, cde. And fo on according to the firft py¬ 
ramidal numbers 1, 4, 10, 20, Sc c, which arc formed 
by the continual addition of the former, or triangular 
numbers 1, 3,6, 10, See. And the general formula 
for any number n of combinations, taken by threes, 
n.n — l •«—2. 


So, if n sa 3 } it is 
* ^ 

If * = 4} it is — 
If n = 5 j it is — 


6. 8c c. 


Proceeding thus, it is found that a general formula 
for any number n of things, combined by m at each 

n . n — 1 . n— 2 . n — 3 &c . . 

time, is s --continued to m 

i. 2 • 3 • 4* 

factors, or terms, or till the lait factor in the deno¬ 
minator be »i. 

So, in 6 things, combined by 4*8, the number of 

. • ■ . 6.5.4. 3 

combinations is —-- 5 --- 


4 • 3 

——- = 15. 
3-4 


3. By adding all thefe feries together, their fum 
will be the whole number of poffible combinations ot n 
things combined both by twos, by threes, by fours, 
&c- And as the faid feries are evidently the ooefti- 
cients of the power n of a binomial, wanting only the 
firft two j and n ; therefore the faid fum, or whole 
number of all fuch combinations, will hi; 

TTTl 1 — n — 1 , or 2* — n — 1 . Thus if the num¬ 
ber of things be 5 ; then 2 s —5 — J = 32—6 = 26. 

II. To find the number of Changes and Alterations 
which any number of quantities can undergo, when com¬ 
bined in all pojfillc varieties of ways, with themfelves and 
each other, both as to the things themfelves , and the Order 
or jPo/ition of them. 

One thing admits but of one order orpolition. 

Two things may be varied four ways ; thus, act, ab, 
la, bb. 

Three quantities, taken by twos, may be varied 
nine ways; thus aa, ab, ac, ba, ea, lb, be, cl, cc. 

In like manner four things, taken by twos, may be 
varied 4* or 16 ways; and 5 things, bv twos, 5 s or 
25 ways; and, in general, n things, taken by twos, 
may be changed or varied «* different ways. 

For the lame reafon, when taken by threes, the 
changes will be « J ; and when taken by fours, they 
will be b 4 ; and fo generally, when taken by «’s, the 
changes will be 

lienee, then, adding all thefe together, the whole 
number of changes, or combinations in » things, taken 
both by 2’s, by 3*8, by 4’®, &c, to n's, will be the 
fum of the geometrical feries « + n* + » 3 -f » 4 - n", 

fl h I 

which fum is = — - X »• 

n — 1 

For example, if the number of things n be 4 ; this 

. 4 4 — 1 255 

gives -- x 4 = — X 4 = 340. 

4 *'*" ^ 3 

And if n be 24, the number of letters in the alpha¬ 
bet ; the theorem gives 

24* 4 -. 1 ——- 24 

—- X 24 = 24 14 — 1 X -- “ 

24-1 t T 23 

1391724288887252999425128493402200. Info ma. 
ny different ways, tiierctore, may the 24 letters of 
the alphabet be varied or combined among themfelves, 
.or fo many different words may be made out of them 
COMBUST, or Combvstiom, is faid of a planet 
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when it is in eonjun&ion with the fun, or not diftant 
from it above half their dife. 

But according to Argol, a planet is Combuft, or 
in Combuft ion, when it ia within eight degrees and a 
half of the fun. 

COMET, a heavenly body in the planetary region, 
appearing fuddcnly, and again difappearing 5 and dur¬ 
ing the time of its appearance moving in a proper, 
though very eccentric orbit, like a planet. 

Comets are vulgarly called Blazing Start, and have 
this to diftinguiih them from other ftars, that they are 
ufually attended with a long train of light, tending al¬ 
ways oppoiitc to tli<i fun, and being of a fainter luftre 
the farther it is - from the body of the comet. And 
hence arifes a popular divtfion of comets, into three 
kinds; viz bearded, tailed, and hairy comets j though 
in reality, this diviiion rather relates to the fcveral 
circumftances of the fame comet, than to the pheno¬ 
mena of feveral. Thus, when the comet is caftward 
of the fun, and moves from him, it is faid to be bearded, 
becauie the light precedes it in the manner of a beard : 
When the comet is weftward of the fun, and fets after 
him, it is faid to be tailed, becaufe the train of light 
follows it in the manner of a tail: And laftly, when 
the fun and comet are diametrically oppofite, the earth 
being between them, tl»e train is hid behind the body 
of the comet, excepting the extremities, which, being 
broader than the body of the comet, appear as it were 
around it, like a border of hair, or coma, from which 
it is called hairy, and a comet. 

But there have been comets whofe dife was as clear, 
round, and well defined, as that of Jupiter, without 
cither tail, beard or coma. 

Of the Nature of Comets .—Philofophers and Aftrono- 
mers, of all ages, have been much divided in their opi¬ 
nions as to the nature of comets. Their ftrangc ap¬ 
pearance has in all ages been matter of terror to the 
vulgar, who have uniformly confidered them as evil 
omens, and forerunners of war, peftilence, See. Dio¬ 
dorus Siculus and Appolh'nus Myndtus, in Seneca, in¬ 
form us, that mahr of the Chaldeans held them to be 
lafting bodies, having ftated revolutions as well as the 
planets, but in orbits vaftly more extenfive ; on which 
account they are only vifible while near the earth, but 
difappear again when they go into the higher regions. 
■Others of them were of opinion, that the comets were 
only meteors raifed very high in the air, which blaze 
for a while, and difappear when the matter of which 
they confift is confirmed or difperfed. 

Some of the Greeks, before Ariftotle, fuppofed 
that a comet was a vail heap or affemblage of veiy 
fmall ftars meeting together, by reafon of the inequa¬ 
lity of their motions, and fo uniting into a vifible mafs, 
by the union of all their fmall lights; which muft 
again difappear, as thofe ftars feparated, and each pro¬ 
ceeded in its courfe. Pythagoras, however, accounted 
them a kind of planets or wandering ftars, difappear¬ 
ing in the fuperior parts of their orbits, and becoming 
viable only in the tower parts of them. 

But Ariftotle held, that comets were only a kind 
of tranfient fires, or meteors, confuting of exhalations 
raifed to the upper region of the air, and there let on 
fire j far below the courfe of the inooo. 


Seneca, who lived in the firft century, and who had 
feen two or three comets himfelf, plainly intimates 
that he thought them above the moon} and argues 
ftrongly againit thofe who fuppofed them to be meteors, 
, or wno held other abfurd opinions concerning them ; 
declaring his belief that they were not fires luddenly 
kindled, but the eternal productions of nature. He 
points out alfo the only way to come at a certainty oa 
this fubjeft, vis, by collecting a number of obferva- 
tions concerning their appearance, in order to difeover 
whether they return periodically or not. “ For this 
purpofe, fays he, one age is not fufficient; but the 
time will come when the nature of comets and their 
magnitudes will be demonftrated, and the routes they 
take, fo different from, the planets, explained. Pol- 
terity will then wonder, that the preceding ages ihould 
be ignorant of matters fo plain and eafy to be known.’* 

For a long time this prcdi&ion of Seneca feemed not 
likely to be fulfilled; and Tycho Brahe was the firft 
among the moderns, who reuored the comets to their 
true rank in the creation ; for after diligently observ¬ 
ing the comet of 1577, and finding that it had no fen- 
fible diurnal parallax, he aftigned it its true place in 
the planetary regions.' See his book De Comet a, 
anni 1577. 

Before this however, there were various opinions 
concerning them. In die dark and fiiperftitious ages, 
comets were held to be forerunners of every kind of 
calamity, and it was fuppofed they had different de¬ 
grees of malignity, according to the fhape they af- 
fumed; from whence alfo they were differently deno¬ 
minated. Thus, it was faid that fome were bearded, 
fomc hairy 5 that fome reprefented a beam, fword, or 
fpear; others a target, &c; whereas modern aftrono- 
mers acknowledge only one fpecies of comets, and ac¬ 
count for their different appearances from their different 
fituations with refpeCI to the fun and earth. 

Kepler, in other refpe&s a very great genius, in- 
dulged the mod extravagant conjectures, not only con¬ 
cerning comets, but the whole fyftem of nature in ge¬ 
neral. The planets he imagined were huge animals 
fwimming round the fun; and the comets monftrous 
and uncommon animals generated in the cclcitial 
fpaces. 

A ftill more ridiculous opinion, if pofiible, was that 
of John Bodin, a learned Frenchman in the 16th cen¬ 
tury ; who maintained that comets “ arc fpirits, wlu'ch 
having lived on the earth imftimerable ages, and being 
at laif arrived on the confines of death, celebrate their 
laft triumph, or are recalled to the firmament like 
Alining ftars! This is followed by famine, plague, &c, 
becauie the cities and people deilroy the governors and 
chiefs who appeafe the wrath of God.”—Others again 
have denied even the exiltence of comets, and main < 
tained that they were only falfe appearances, occafioncd 
by the refraftion or refieaion of light. 

Hevelius, from a great number of obfervationa, pm- 
pofed it as his opinion, that the comets, like the folar 
maculae or foots, are formed or condcnfcd out of the 
groffer exhalations of his body; in which he differs but 
little from the opinion of Kepler. 

James Bernoulli, in his Syftcma Comet arum, ima¬ 
gined that comets were no other than the fatellites of 

fome 
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fume very diil^at planet, which was itfelf -invifible to 
us on account of its diftance, as were alfo the fatellites 
unlefs when in a certain part of their orbits. 

Des Cartes advances anotlier opinion: He conjec¬ 
tures that comets arc only liars, formerly fixed, like 
the reft, in the heavens ; but which becoming gradu¬ 
ally covered with maculae or fpots, and at length \vb oi¬ 
ly deprived of their light, cannot keep their places, 
but are carried off by tne vortices of the circumjacent 
liars { and in proportion to their magnitude and foli- 
dity, moved in fuch a manner, as to be brought nearer 
the orb of Saturn ; and thus coming within reach of 
the fun’s light, rendered vifible. 

But the vanity of all thefe hypothefes now abun¬ 
dantly appears from the obferved phenomena of comets, 
and from the doctrine of Newton, which is as follows: 

The comets, he fays, are compact, folid, fixed, and 
durable bodies ; in fait a kind of planets, which move 
in very oblique and eccentric orbits, every way with the 
greateft freedom; perfevering in their motions, even 
againft tiie courfe and direction of the planets: and 
their tail is a very thin and flendcr vapour, emitted by 
the head or nucleus of the comet, ignited or heated by' 
the fun. This theory of the comets at once folvcs their 
principal phenomena, which art as below. 

The Principal Phenomena of the Cornett. 

1. Firft then, thofc comets which move according 
to the order of the figns, do all, a little before they 
difappear, either advance flower than ufual, or clfe go 
retrograde, if the earth he between them and the fun j 
but more fwiftly, if the earth be placed in a contrary 
part. On the other hand, thofe which proceed con- 
tiarv to the order of the iigns, move more fwiftly than 
ufual, if the earth be between them and the fun ; and 
more flowly, or elfe retrograde, when the earth is in 
a contrary part.-—For fince this courfe is not among 
the fixed liars, but among the planets $ as the motion 
of the earth cither confpires with them, or goes againft 
them ; their appearance, with refpeCt to the earth, 
mull he changed; and, like the planets, they mull 
fornctimes appear to move fwiflcr, fometimes flower, 
and fometimes retrograde. 

2. So long as their velocity is incrcafcd, they nearly 
move in grist circles ; but towards the end of their 
courfe, they deviate from thofc circles j and when the 
earth proceeds one way, they go the contrary way. 
Becaufe, in the end of their courfe, when they recede 
almoft direftly from the fun, that part of the apparent 
motion which arifes from the parallax, mull bear a 
greater proportion to the whole apparent motion. 

The comets move in ellipfes, having one of their 
foci in the centre of the fuh ; and by radii drawn t<* 
the fun, deferibe areas proportional to the times. Be- 
caufe they do not wander prccarioufly from one ficti¬ 
tious vortex to another $ Intt, making a part of the 
folar fyllem, return perpetually, and run a conftant 
round. Hence, their elliptic orbits being very long 
and eccentric, they become invilible when in that part 
which is moft remote from the fun. And from the 
curvity of the paths of comets, Newton concludes, that 
when they difappear, they are much beyond the orbit 
of Jupiter; and that in tlicir perihelion they frequently 
delcend within the orbits of Mars and the inferior 
planets. 

Vol. I. 


4. The light of their nuclei, or bodies, increafes as 
they recede from the earth toward the fun; and on 
tin contrary, it dccreafcs as they recede from the fun. 
Bccaufc, as they are in the regions of the planets, their 
acccfs towards the fun bears a eonfidcrable proportion 
to the ir whole diftanec. 

5. Their tails appear the largefl and brighteft, im¬ 
mediately after their tranfit through the region of the 
fun, or after their perihelion. Becaufe then, their 
heads being the moll heated, will emit the moft va¬ 
pours.—From the light of the nucleus wc infer their 
vicinity to the earth, and that they are by no means in 
the region of the fixed liars, as fome have imagined ; 
fince, in that cafe, their heads would be no more il¬ 
luminated by the fun, than the planets are by the 
fixed liars. 

6. The tails always«, ;cline from a juft oppofition 
to the fun towards thole parts which the nuclei or 
bodies pals over, in their progrefs through their orbits. 
Becaufe all fmoke, or vapour, emitted from a body in 
motion, tends upwards obliquely, ft ill receding from 
that part towards which the fmoking body proceeds. 

7. This declination, can ter is paribus, is the fmalleft 
when the nuclei approach neareft the fun: and it is 
alfo lefs near the nucleus, or head, than towards the 
extremity of the tail. Becaufe the vapour afeends 
more fwiftly near the head of the comet, than in 
the higher extremity of its tail ; and a ho when 
the comet is nearer the fun, than when i: is farther 
off. 

8. The tails are fomewhat brighter, and more dif. 
tinttly defined in their convex, than in their concave 
part. Becaufe the vapour in the convex part, which 
goes firft, being fomewhat nearer and deafer, reflects 
the light more ropionfly. 

9. The tails always appear broader at their upper ex¬ 
tremity, than near the centre of the comet. Becaufe the 
vapour in a free fpace continually rarefies and dilates. 

10. The tails are always tranfparent, and the fmall- 
e ft _ liars appear through them. Becaufe they con lift 
of infinitely thin vapour. 

The Pb.ifct of Comets. —The nuclei, which are alfo 
called the heads, and bodies, of comets, viewed through 
a lelefcopc, lluw a face very different from thofe of 
the fixed liars or planets. They are liable to apparent 
changes, which Newton aferibes to changes in the 
atmoTphere of comets: and this opinion was confirm¬ 
ed by obfevvations of the comet in 174^. Hilt. Acad, 
ficienc. 1744. Sturmius fays that, obferving the co¬ 
met of t f>So with a tclefcope, it appeared like a eo.<! 
dimly glowing, or a rude mafs of matter illuminated 
with a dulky fumid light, lefs fcnfible to the extremes 
than in the middle ; whereas a Itar appears with a 
round dife, and a vivid light. 

Of the comet of 1661, Hcvelim obferves, that its 
body was of a ycilowilh colour, very bright and con- 
fpicuous, but without any glittering light : in the 
middle was a denfe ruddy nu.li us, almoll equal to 
Jupiter, encompafft'd by a much fainter, thinner mat¬ 
ter. February 5th, its bead was fomewhat larger and 
brighter, and of a gold colour j but its light more 
dulky than the ftars : and here the nucleus appeared 
.divided into feveral parts. Feb. 6th, the due was 
■leflened; the parts of the nucleus fttll exifted, though 
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lefts than before: one of them, on the lower part 
of the difc, on the left, much denfer and brighter than 
the reft ; its body round, and reprefenting a eery lucid 
little ftar: the nuclei ftillencoinpafled with another 
kind of matter. Feh. the head fomewhat more 

obfeure, and the nuclei more confided, but brighter 
at top than bottom. Feb. 13th, the head diminilhed 
much both in fi/.e and fplendor. March 2d, its round* 
nefs a little impaired, and its edges lacerated, &c. 
March 28th, very pale, and exceeding thin; its mat¬ 
ter much difperfed ; and no diltind nucleus at all ap¬ 
pearing. 

Wcigclius, who faw the comet of 1664, as alfo the 
moon, and a fmall cloud in the horizon illuminated 
by the fun at the fame time, obferved, that through 
the telefcope the moon appeared of a continued lumi¬ 
nous furfacc : but the comet very different; being cx- 
aftly like the little cloud. And from thefe obiervu- 
tions it was that Hcvclius formed his opinion, that 
comets are like macula: or fpots formed out of the 
(olar exhalations. 

Of ike Magnitude of C.omrts .—The eflimates that have 
been given of the magnitude of comets by Tycho 
Brahe, Hevelius, and fome others, are not very ac¬ 
curate ; as it does not appear that they dittinguiftied 
between the nucleus and the furrounding atmofplicrc. 
Thus Tycho computes that the true diameter of tfie 
comet in >577 was in proportion to the diameter of 
the earth, as 3 is to 14 ; and Hevelius made the dia¬ 
meter of the comet of 1652 to that of the earth, as 52 
to 100. But the diameter of the atmofphere is often 
to or 15 times as great as that of the nucleus: the 
former, in the comet of 1682, was meafured by Flatn- 
ftrnl, and found to he 2', when the diameter of the 
nucleus alone was only it or 1 2". Though fome 
rnmets, eflimated by a comparifon of their diilance 
and apparent magnitude, have been judged much larger 
than the moon, and even equal to fome of the primaiy 
planets. The diameter of that of 1744, when at the 
diftancc of the fun from us, meafured about 1', which 
makes its diameter about three times that of the earth: 
at another time the diameter of its nucleus was nearly 
equal to that of the planet Jupiter. 

Of the Tai's of Comets .—There have been various 
conjectures about the nature of the tails of comets, 
the principal of which are rhofe of Newton, and the 
others that follow. Newton fhews that the atmofpheres 
of cornets will furnifii vapour fullicient to form their 
tails. This he argues from that wonderful rarefaction 
in our air at a iliiiance from the earth ; whic h is inch, 
that a cubic inch of common air, expanded to the 
raritv of that at the diilance of half the earth’s diame¬ 
ter, or 4000 mile'-, would fill a fpacc larger than the 
whole region of the ftars. Since then the coma, or 
atmofphe:e of a comet, is to times higher than the 
fnr/ace of the nucleus, from the cent re; the tail, 
afeeuciing ill’ll much higher, muft nceeffarily be im- 
menfely rare : fo that it is no wonder the ftars are vi- 
fible through it. 

Now the afeent of vapours into the tail of the co¬ 
met, he fuppofes occafioncd by the rnrefadion of the 
matter of the atmofphere at the time of the perihelion. 
Smoke, it is obferved, afeends the chimney by the im¬ 
pure of the air in which it floats j and air, rarefied by 


beat, afeends by the diminution of xt 3 fpecific gravity, 
carrying up the fmoke along with it: in the fame 
manner then it may be fuppoled that the tail of a co¬ 
met is raifed by the fan. 

The tails therefore thin produced in the perihelion* 
of comets, will go off along with their head into re¬ 
mote regions ; and either return from thence, together 
with the comets, after a long fertes of years; or ra¬ 
ther be there loft, and vaniih by little and little, and 
the comet be left bare ; till at its return, defocading 
towards tha fun, fome fhort tails are again'gradually 
produced from the head ; which afterwards, in the pe¬ 
rihelion, defeending down into the fun’s atmofphere, 
will be imrnenfely iucreafed. 

Newton farther obferves, that the vapours, when 
thus dilated, rarefied, and diffufed through all the ce- 
leftia! regions, may probably, by means of their own 
gravity, be gradually attra&cd down to the planets, 
and become intermingled with their atmofpheres. He 
adds that this intermixture may be ufcful and neccffury 
for the conservation of the water and moilture of the 
planets, dried up or con fumed in various ways. And I 
fufpeft, adds our author, that the fpirit, which makes 
the fined, fobtileft, and bell part of our air, and which 
is abfolutely requilite for the life and being of all things, 
comes principally from the comets.—-On this principle 
there may feem to be fome foundation for the popular 
opinion of prefngrs from comets; fince the tail of a 
comet thus intermingled with our atmofphere, may 
produce changes very fcnfiblc in animal and vegetable 
Lod ies. 

It may here be added that another ufe which New¬ 
ton conjectures comets may be ddigned to ferve, is 
that of recruiting the fun with frvdi fuel, and repairing 
the confumption of his light by the dreams continually 
fent forth in every direction from that luminary, in 
fupport of this conjecture: he obferves,-that comets in 
their perihelion may differ a diminution of their pro¬ 
jectile force, by the lclillancc of the folar atmofphere ; 
fo that by degrees their gravitation towards the fun 
may be fo far iucreafed, as to precipitate their fall into 
his body. 

Other opinions on the tails of comets, arc the fol¬ 
lowing. 

Apian, Tycho Brahe, and fome others, think they 
were produced by the fun’s rays trutibnittcd through 
the nucleus of the comet, which they dippedd was 
tranfparent, and there reiraded as in a glals lens, fo 
as to form a beam of light behind the comet. Des 
Carles accounted lor the phenomenon of the tail by 
the refradion of light from the head of the comet to 
the fpedator’s eye. Mai ran fuppofes that the tails are 
formed out of the luminous matter compuiing the din’s 
atmofphere : and M. De laLande combines this hypo- 
thtfis with that of Newton recited above. But Air. 
Rowniug, not fatisiied with Newton’s opinion, ac¬ 
counts for the tails of comets in the following manner: 
It in well known, fays he, that when the iuu’s light 
paffen through the atmofphere of any body, as the 
earth, that which paffes 011 one fide, is hy the refrac¬ 
tion made to converge towards that which paffes on 
the oppofite fide; audthis convergence is not wholly ef- 
feded either at the entrance of the light into the at- 
woipherc, or at its exit on going out ; but beginning at 
a iki 
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Its <ntfflttee,' It increafel in every point of it* progrefs t 
It is alio agreed tfipt the atmufpSwrcj of the comet* 
•re very large nud donfe: be therefore fuppofea that 
by fuch time as the light of the fun tins palled through 
>« confiderable part of the atmofphere of the comet, 
the rays are fo far refracted towards each other, that 
"'they then begin fenfibly t» illuminate it, or rather the 
vapours floating in it; and fo render that part they 
■ -have yet to ptifs through, vilible to usi and that this 
portion of the atnrofphere of a comet tliirs illuminated, 
appears to us in form of a lieam of the fun’s light, and 
pafles under the denomination of a comet’s tail, Rowu- 
iug’a Nat. Philof. part 4. chap. 11. 

M. Euler, Mem. Berlin tom. 2. pa. 11 7, thfnks there 
is a great affinity between the tails of comets,, the zo¬ 
diacal light, and the aurora borealis, and that.the com¬ 
mon caufe of all of them, is the adlion of the fun's 
light on the atmofphcres of the comets, of the fun, 
and of the earth. 11c fuppofes that the impulfe of the 
rays of light on the atmofpherc of comets, may drive 
fome of t nc finer particles of that acmcfphere far beyond 
its limits j and that this force of impulfe combined 
with that of gravity towards the comet, would produce 
a tail, which would always be in opposition to the fun, 

. if the comet did not move. But the motion of the 
comet in its orbit, and about an axis, mull vary the 
polition and figure of the tail, giving it a curvature, 
and deviation from a line joining the centres of the fun 
and comet; and that this deviation will he greater, as 
the orbit of the comet has the greater curvature, and 
as the motion of the comet is more rapid. It may even 
happen, that the velocity of the comet, in its perihe¬ 
lion, may he fo great, that the force of the fun’s rays 
may produce a new tail, before the old one can follow; 
in which cafe the comet might have two or more tails. 
The poffibility of this is continued by the comet of 
1744, which was obferved to have fevcral tails while it 
was in its perihelion. 

Dr. Hamilton urges fevcral objections againft the 
Newtonian hypothecs ; and concludes that the tail of a 
comet is formed of matter which has not the power 
of iefrailing or reflecting the rays of light; hut that it 
is a lucid or felf-fliining fubflancc: and from its iiini- 
larity to the Aurora borealis, that it is produced by 
the fame caufe, and is properly an elcilricul phenome¬ 
non. l)r. Halley too fetined inclined to this hypo¬ 
thecs, when hefaid, that the Area ins of light in an Au¬ 
rora borealis fo much refcmbled the long tails of co¬ 
mets, that at full fight they might well be taken for 
fuch : and that this light leetns to have a greater affi¬ 
nity to that which the effluvia of eltilric bodies emit 
in the dark, l’bilof. Tranf. N° 347. Hamilton’s 
rhilof. Effuys, pa. 91. 

7 be Rlotion of Comets .— If it be fuppofed that tire 
paths of comets arc per fed I y parabolical, as fome have 
imagined, it will follow' that, being impelled towards 
the fun by a centripetal force, they defeend as from 
fpaces infinitely diflant; and that by their falls they 
acquire fuch a velocity as will carry them off again into 
the remotcil regions, never more to return. But the 
frequency of their appearance, and their degree of ve¬ 
locity, which does not exceed what they might acquire 
by their gravity towards the fun, feem to put it pall 
doubt that they move like the planets, in elliptic orbits, 


though exceedingly eccentric} and ft) return again after 

very long periods. 

The apparent velocity of the comet of 147a, as ob- 
ferved by Regiomontanus, was fuch as to carry it 
through 40° of a great circle in 24 hours: and it was 
obferved that the comet of 1770 moved through ruoie 
than 45; 0 in the lafl 25 hours. 

About the return ol cornets there have been different 
opinions. Newton, Ham deed, Halley, and other Kng- 
lilii allronoincrs, fcctu latisiicd of the return of comets: 
Cufl’mi and fome ot the f rench think it highly proba¬ 
ble ; but De la Hire and others oppofe it. Thole on 
the afliimative lide fuppoie that the comets deferibe cu¬ 
bits prodigioullv eccentric, info much that we can fee 
them only in a very fmall part of their revolution : out 
of this, they are loft in the immenfity of fpacc; hid 
not only from our eyes, but our telelcopes : that lit¬ 
tle part of their oibit next us puffing fometinres within 
thole of all the inferior planets. 

M. Cailini gives the following reafons in favour of 
the return of comets. 1. It is found that they move a 
confiderable time in the arch of a great circle, when re¬ 
ferred to the fixed liars, that is a circle wlrofe plane 
paftes through the centre of the earth ; deviating but a 
little Irom it chiefly towards the end of their appear¬ 
ance : a deviation however common to them with the 
planets.—2. Comets, as well as planets, appear to move 
fo much the falter as they are nearer the earth; aud 
when they are at equal diitances from their perigee, 
their velocities are nearly the fame. By fubtrading 
from their motion the apparent inequality of velocity 
occalioncd by their different diilnuce from the earth, 
their equal motion might he found: but we fhould not 
fliU he certain that this is their true motion ; beraufe 
they might have confiderable inequalities, not dilli.i- 
guiihable in that fmall part of their orbit vilible to us. 
It is rather probable that their real motion, as well a* 
that of the planets, is unequal in itfelf; and hence we 
have a reafon why theobfervations made during the ap¬ 
pearance of a comet, cannot give the juft period of 
their revolution.—3. There are no two different planets 
whole orbits cut the ecliptic in the fame angle, whofe 
nodes are in the fame points of the ecliptic, aud having 
the lame apparent velocity in their perigee: confe- 
qncnily, two comets feen at different times, yet agree¬ 
ing in all thufc three circumllauccs, can only Ik* one 
and the fame comet. Not that this exac.l agreement, 
in thefe ciicumllanccs, is ahloiutch neceffary to deter¬ 
mine tin ir identity : fur the moon herfeif is irregular 
in all of than, lo that it feems there mav he calcs in 
which the lame comet, at different periods of revolu¬ 
tion, may dilnguc in thtle points. 

As to the objections againfl the return of comets, 
the puncipa! :x ih.it of the rarity of their appearance, 
with legat'd to the uuinher of revolutions afligned to 
them. In 1707. there was a comet, or rather the t::.'l 
<■1 one, fccu at Rome, which M. Cailini takes to be the 
fame with tint ohlerved by Ariltotle, and again lauly 
in the year 160S ; which would imply a period of 74 
years: Now, it may fee nr ihauge that a liar which 
has fo flrort a revolution, and of coiifcqucnco fuch fre¬ 
quent returns. Humid lie lo fcldom feen. Again, ii\ 
April of the fame year 1702, a conu t was obferved by 
Meflis. Biayci.hu and Maraldi, which.the latter flip- 
R r 2 • nofe.lt 
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pofcd was the fame with that of 1664, both on ac¬ 
count of its motion, velocity, and diredtion. M. dcla 
Hire thought it had fome relation to another he had 
obferved in 1698, which Caifini refers to that of 1652 ; 
which would make it a period of 43 months, and the 
number of revolutions between 1652 and 1692, 14: 
now, it is hard to fuppofe, that in this age, when 
the heavens arefo narrowly watched, a ftar fhould make 
14 revolutions unperccived; efpeeially fuch a ftar as 
t his, which might appear above a month together; and 
.•onfeqnently be often difengaged from the crepufcula. 
t'or this reafon M. Caflini is very referved in maintain¬ 
ing the hypothefts of the return of comets, and only 
propofes thofe for planets where the motions are eafy 
and Pimple, and are folved without ftraining, or allow¬ 
ing any irregularities. 

M. de la H ire propofes one general difficulty againft 
the whole fyftem of me return of comets, which would 
feem to prevent any comet from returning as a planet: 
which is this; that by the difpoiition neceflarily given 
to their courfes, they ought to appear as fmall at firft 
as at laft; and always increafc till they arrive at their 
neareft proximity to the earth ; or if they fhould chance 
not to be obferved, as foon as they are capable of being 
feen, it is yet hardly poffible but they muft often fhew 
them Pelves before they have arrived at their full mag¬ 
nitude and brightnefs: but, adds he, none were ever 
yet obfervtd till they had arrived at it. However, the 
appearance of aeomet in the month of October 1723, 
while at a great diftance, fo as to be too fmall and dim 
to be viewed without a telefcope, as well as the obfer- 
vations of feveral others finee, may ferve to remove 
this obllacle, and fet the comets ftill on the fame foot¬ 
ing with the planets. 

Jt is a conjedtipe of Newton, that as thofe planets 
which are neareft to the fun, and revolve in the leaft 
orbits, are the fmalleft ; fo among the comets, fuch as 
in their perihelion come neareft the fun, are the fmall- 
«ft, and revolve in the leaft orbits. 

Of the Writings and Lifts of Comets. 

There have been many writings upon the fubjedt 
of comet*:, befide the notices of hiftorians as to the 
appearance of certain particular ones. 

Regiomontanus firft fhewed how to find the magni¬ 
tudes of comets, their diftance from the earth, and their 
true place in the heavens. His 16 problems l)c Co¬ 


mets Magnitudine, Longitodine, ac Loco, are to be 
found in a book pufelifhed in the year 1544* with the 
title of Scripts Joanni* Regiomontani. 

Peter Apian obferved and wrote upon the cornets of 
1631, 1632, &c. Other writers are Tycho Brahe, in lain 
Progymnafmata Aftronomice Inflauratae.—Kepler, of 
the comet in the year 1607, and de Cometis Libelli 
tres.—Ricciolus, m his Almageltum Novum, publifhed 
1651, enumerates 154 comets cited by hiftorians down 
to the year 1618.—Hcvclius’s Prodromus Cometicus, 
containing the hiftoiy of the comet of the year 1664. 
Alfo his Comctographia.—JLubicnietz, in a large folio 
work exjucfsly on this fubjedl, publifhed 1667, extradls, 
with immenle labour, from the paifages of all hiftorians, 
an account of 4x5 comets, ending with that of 1665.— 
Dr. Hdok, in his Pofthumous works.—M. Caffini’s lit- 
tle Tradlof Comets.—Sturmius’s Diffcrtatio de Comc- 
tarum Natura—Newton, in bis Principia, lib. 3 ; who 
firft affigned their proper orbits, and by calculations 
compared the observations of the great comet of 1680 
with his theory'.—-Dr. Halley, his Synopfis Comctica, 
in thcPhilof. Tranf. number 218, &c; who computed 
the elements and orbits of 24 comets, and who firll ven¬ 
tured to predidt the return of one in 1759, which hap¬ 
pened accordingly.—Dc la Landc, The uric des Comet es, 
1759; alfo, in nis Aftronomie, vol. 3.—Clairant, Thc- 
oriedu mouvcincut des Comctcs, 1760—D’Alembert, 
Opufculcs Mathematiqucs, vol. 2 pa. 97.—M. Albert 
Euler, 1762.—Srjoiir, Efl'ai fur let, Conutes, 1775.— 
Btfides Bofcovich, Dc la Grange, De la Place, hr if, 
I, ex cl, Barker, Hancocks, Cole, with many' others.— 
And M. Pingrt’s Comdtographic, in 2 vols. 4to, 1784; 
in which is contained the molt ample lift of fuch comets 
as have been well obferved, am! their elements computed, 
to the number of 67. And accounts of a very few more 
that have been obferved finee that time, may be feen in 
the Mem. de l’Acad. and in the Philol’. Tranf.—And 
while this work is printing, there has juft come out a 
very ingenious and ample work upon comets, by Sir 
Henry Englcfield, entitled, “ On the Determination oi 
the Orbits of Comets.” 

The whole lift of comets that have been noticed, on 
record, amount to upwards of 500, but the following 
is a complete lift of all that have been properly obferved, 
and their elements computed, the mean diftance of the 
earth from the fun being 100000. 
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8 

Ret. 

Pingre 

1301 

O lyaboui 

70 abt. 

9 about 

457c 0 

Odt. 

22 about 

Ret. 

Pingrd 

•337 

2 24 21 

32 n 

* 7 59 

40666 

June 

2 

7 

Ret. 

Halley 


2 6 22 

3 * u 

O 20 O 

64450 


1 

1 

Ret. 

Pingrd 

1456 

I 18 30 

17 56 

IO 1 O 

58550 

June 

8 

22 

Ret. 

Pingtd 

1472 

9 11 46 

5 20 

* *5 34 

54 2 73 

Feb. 

28 

*3 

Ret. 

Halley 
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Year 

Attending 

Node 

Inclin. ot 
Orbit 

| Perihelion 

Perihei. 

Dift. 

Time 0 / Perihelion 

Motion 

Calculated by 


• 

O 

/ 

0 ' 

1 


a ' 



d h 



* 53 * 

I 

*9 

*5 

17 56 

IO 

r 

39 

56700 

Aug. 

24 2 ( 

Ret. 

H alley 


2 

20 

27 

32 36 

3 

21 

7 

50010 

061 . 

19 22 

Dir. 

Halley 

x 5 33 

4 

5 

44 

35 49 

4 

*7 

16 

20280 

June 

16 20 

Ret. 

Doinvcj 

1556 

5 

*5 

4 * 

32 7 

9 

8 

50 

66590 

April 

21 20 

Dir. 

Halley 


0 

*5 

5 * 

74 33 

4 

9 

22 

18342 

06 t. 

26 19 

Ret. 

Halley 

1580 

0 

18 

57 

64 40 

3 

*9 

6 

59628 

Nov. 

28 15 

1) ir. 

Halley 

1582 

0 

*9 

8 

64 52 

3 

*9 

12 

59553 

May 

28 14 

Dir. 

Pingrc 

7 

21 

7 

61 28 

8 

5 

*3 

22570 

6 16 

Ret. 

Pingrc 


7 

4 43 

59 29 

9 

11 

27 

4006 


7 9 

Ret. 

Pingrc 






• 



* 

| New Style 



1585 

1 

7 

43 

6 4 

0 

8 

5 1 

109358 

Odt. 

7 20 

Dir. 

Ilallcy 

1590 

5 

*5 

3 i 

29 41 

7 

6 

55 

57661 

Feb. 

a 4 

Ret. 

Halley 

*593 

5 

*4 

*5 

»7 58 

5 

26 

*9 

8911 

July 

18 14 

Dir. 

I.a Caille 

1 59 6 

10 

12 

*3 

55 12 

7 

18 

16 

5*293 

Aug. 

10 20 

Ret. 

Halley . 


10 

*5 

37 

52 10 

7 

28 

3 1 

54942 


8 16 

Ret. 

Pingrc 

1607 

1 

20 

21 

17 2 

10 

2 

16 

58680 

oa. 

16 4 

Ret. 

Halley 

1618 

9 

23 

25 

21 28 

10 

18 

20 

5I2Q8 

Aug. 

1 7 3 

Dir. 

Piugre 

1618 

2 

16 

1 

37 34 

0 

2 

*4 

37975 

Nov. 

« 1 3 

Dir. 

Maflev 

1652 

2 

28 

IO 

79 28 

0 

28 

*9 

84750 

Nov. 

12 16 

Dir. 

Halley 

1661 

0 

22 

3 1 

3 2 3 6 

3 

25 

59 

44851 

Jan. 

26 24 

Dir. 

llalley 

1664 

2 

21 

J 4 

21 19 

4 

IO 

4 > 

102575 

Dec. 

4 * 2 


Halley 

1665 

7 

18 

2 

76 5 

2 

11 

55 

10649 

April 

2 4 5 

Ret. 

Halley 

1672 

9 

27 

31 

83 22 

1 

*7 

0 

^9739 

March 

i 9 

Dir. 

Halley 

1677 

7 

26 

49 

79 3 

4 

17 

37 

28o<T«J 

May 

6 1 

Rrt. 

Halley 

1678 

5 

11 

40 

3 4 

IO 

27 v 46 

123801 

Aug. 

26 14 

Dir. 

Douwes 

1680 

9 

■** 

2 

60 56 

8 

22 

40 

61 2 i 

Dec. 

lS 0 

Dir. 

Halley 


9 

2 

2 

61 7 

8 

22 

44 

617 


1 7 2 3 

. • , 

Halley 


9 

2 

59 

58 4c 

8 

23 

27 

656 


17 21 

. • • 

liuler 


9 

I 

53 

6i 20 

8 

23 

43 

592 


1S 0 

• • ■ 

N ewton 


9 

1 

57 

61 23 

8 

22 

40 

603 


18 0 

• . . 

Pingrc 

1682 

1 

21 

*7 

17 5 r» 

IO 

2 

53 

58328 

Sept. 

14 8 

Ret. 

Halley 


1 

20 

4 s 

17 42 

10 

1 

3 6 

58250 


14 22 

. • . 

Halley 

168,? 

5 

23 

23 

83 11 

2 

25 

3 ° 

56020 

July 

I 3 3 

Ret. 

llalley 

1684 

8 

28 

1? 

65 49 

n 

i 

28 

52 

06oi? 

June 

8 10 

Dir. 

Haller 

1686 

1 1 

20 

35 

31 22 

2 

*7 

1 

325OO 

Sept. 

16 15 

Dir. 

Halley 

1689 

10 

23 

45 

69 17 

8 

23 

45 

1689 

Dec. 

* *5 

Ret. 

Pingrc 

Halley 

1698 

8 

27 

44 

1 1 46 

9 

0 

5 1 

6lJ I 2 Q 

oa. 

18 17 

Ret. 

1699 

10 

21 

46 

69 20 

7 

2 

3 1 

74400 

Jan. 

*3 9 

Ret. 

Fa Caille 

1702 

6 

9 

25 

4 30 

4 

18 

4 1 

6459O 

March 

*3 *4 

Dir. 

La Caille 

1706 

0 

>3 

12 

55 »4 

2 

12 

29 

42581 

Jan. 

3 ° 5 

Dir. 

La Caille 


0 

*3 

11 

55 14 

2 

12 

3 6 

42686 

3 ° 5 

• . • 

Struyck 

1707 

1 

22 

8 

88 50 

2 

17 

4 

86350 



Dir. 

Houtteryn 


1 

22 

47 

88 36 

2 

*9 

55 

*5974 

Dec. 

12 0 

• * • 

La Caille 


1 

22 

50 

88 38 

2 

*9 

5 « 

85904 


12 0 

... 

Struyck 

1718 

4 

8 

43 

30 20 

4 

1 

30 

102655 

Jan. 

15 0 

Ret. 

La Caille 


4 

7 

55 

3 1 *3 

4 

1 

27 

102565 


*5 * 

... 

Douwes 

*723 

0 

14 

16 

49 59 

1 

12 

52 

99865 

Sept. 

27 16 

Ret. 

Bradley 

1729 

10 

10 

35 

77 2 

10 

22 

»7 

406980 

June 

23 7 

Dir. 

Douwes 


10 

10 

33 

76 58 

IO 

22 

40 

426140 


25 n 

• • • 

La Caille 


10 

10 

1 7 

76 53 

IO 

27 

22 

416927 


23 0 

m m • 

Maraldi 


10 

10 

52 

77 *9 

IO 

16 

27 

394927 

May 

22 11 

• • • 

Kies 


10 

10 

33 

77 * 

IO 

22 

37 

408165 

June 

25 9 

• • • 

Dc J'lfle 

»737 

7 

16 

22 

18 21 

IO 

25 

55 

22282 

Jan. 

3 ° 9 

Dir. 

Bradley 

x 739 

6 

*7 

18 

55 53 

3 

12 

34 

67160 

June 

17 11 

Ret. 

Zanotti 

6 

27 

2? 

55 43 

3 

12 

39 

6 735 S 


17 10 

... 

La Caille 

1742 

6 

5 

35 

67 4 

7 

7 

33 

76555 

Feb. 

8 5 

Ret. 

Struyck 

6 

5 

33 


7 

7 

B 2 

76550 


8 4 


Lc Monnier 


6 

5 

38 

66 59 

7 

7 

35 

76568 


8 5 

• • • 

La Caille 


6 

* 

43 

66 52 

7 

7 

39 

76530 


8 8 

• • • 

Zanotti 


6 

16 

9 

5<> 35 

7 

16 

42 

73766 


1 22 

. . . 

Ruler 
















COM 
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COM 


nga 


11*4 I .li. Ol 

Orbit 


5 -9 
<r 4- 
8 n 
f> zi 
5 ift 
, 5 45 
*5 4" 

>3 ■»'* , 

i; ji +7 


ft i 44 
68 14 
ft; it 
'55 51 
2 ift 
2 20 
45 4 "* 
47 9 


i ift t 
1 15 46 
1 U 48 
1 r? 49 
1 W 49 
4 2ft 58 
4 2; 19 
4 27 ly 

*• >1 f 1 

i -- y- 

7 22 46 


744 

747 

7 23 50 

I 2.1 4 * 
1 2.1 4 '> 

* 2.1 49 

1 23 49 

* 2 3 49 

1 23 4ft 

1 24 7 
» 23 45 
4 19 40 

4 *9 39 

4 19 40 

2 19 5 1 
2 19 zo 
1 18 56 

i 1 19 20 
1 18 58 
1 18 35 
1 19 2 

1 2ft 23 

4 0 5 

8 4 11 

2 14 23 


5 25 3 
5 25 7 

5 25 3 

5 25 11 

5 '9 4 1 
5 2 5 5 
5 24 42 . 
5 25 14 I 


47 >8 
47 14 

77 57 
79 7 

79 ft 
#5 27 
85 55 
87 28 

5ft 59 
12 50 

>2 59 
12 48 
12 41 
68 19 

«7 3 * 

17 40 

r 7 35 
17 3 s 
i" 39 

17 40 

•7 29 
17 4* 
79 7 
7 S 59 
79 3 
4 52 
4 42 

83 22 

84 45 
83 12 
83 40 

*5 3 
72 41 
52 54 
40 30 
11 8 

40 38 
40 43 
40 47 
40 49 
40 41 

4 « « 

29 4' 

40 41 

41 28 

40 43 


I'e.ilisiion 


7 IO 49 
7 7 35 

7 7 26 

7 7 50 

3 2 38 

3 2 42 

? ft 34 
ft 17 15 
ft 17 6 

6 17 10 
6 17 18 

6 17 19 
ft 17 12 

ft 17 13 
ft 17 15 

ft 17 ift 
910 ft 
972 
972 

7 5 1 

7 4 39 
7 5 25 
9 6 9 


10 3 14 

10 3 8 

10 3 1 ft 

10 3 ift 

10 316 
10 3 19 

JO I o 
10 3 23 

1 23 34 
1 23 24 

1 23 38 
4 18 23 
4 19 4 
3 15 22 
3 r 5 »5 
3 H 24 
3 13 43 

3 *4 3 ° 

2 24 52 
o 15 13 

4 23 13 

8 2 18 

4 24 ft 
4 24 14 
4 24 11 
4 24 11 
4 24 9 
4 24 33 
4 »3 »5 
4 24 7 
4 25 4 fi 
4 24 22 | 


I’cri !ci. 

Dift. 


73668 
76(m;o 
7662 0 
?ft ?43 

83.S 11 
83301 
52057 
222:1ft 
22322 

22156. 
22192 

22222 

22223 
22200 
2217ft 
229388 
219839 
219831 
8406ft 
84130 
84040 
63323 
33754 
33907 
33797 
35932 

21 535 
5**55 
38490 
58360 
58380 
5 S 35 ° 

58298 

59708 

582.14 

8oi 7CJ 

79851 

80208 

96599 

96180 

101415 

101249 

101063 

100686 

100986 

49876 

555*2 
50532 
33275 
12376 
12287 
12238 
12272 
12289 
12 too 
15880 
12308 
11640 
12280 


T.ruc 01 Perihelion 


d h 

7 4 

7 22 

8 5 
8 7 

10 2 f 
10 21 
20 21 
1 8 


Sept. 

March 

Marc]) 


Fil>. 

March 

April 


1 9 
28 12 


28 20 

29 1 

28 19 
18 2 


June 

March 


Nov. 

Feb. 

Feb. 

April 

oa. 


1 2 14 
12 14 
12 13 

1* 13J 
1* 15] 

12 13 

13 10 

12 13 
27 o 
27 2 

27 I 
ift 21 
lift 13 
29 o 

28 15 

29 2 


12 14 
17 <J 


16 10 
7 *4 


Euler 

Wrijrt 

Kliukctibtrg 1 

Houtteryn 

Struyck 

La Caille 

Kljnkcnberg 

Bets and Blifr 

Maraldi 

La Caille 

Zanotti 

Ohefcaux 

Euler 

Piugro 

K linkenberg 

ITiortcr 

Chcftaux 

Mai-aldi 

La Caille 

Maraldi 

Lc Mutinicr 

La Caille 

Struyck 

Bradley 

La Caille 

Pingre 

De Ratte 

Pingre 

Millin' 
l)c la l.nnde 

Mamldi 

La Caille 

La Caille 

Klinkenberg 

Klinkenberg 

Bailly 

Pinjrrc 

La Caille 

Chappe 

La Caille 

Chappe 

Maraldi 

15 c la Landc 

Bailly 

Klinkenberg 

Struyck 

Pingre 

Pingre 

Pingrt? 

Pingre 

X>c la Landc 

Wallot 

Caflin, jun. 

Profpcrin 

A udiffrcdi 

Slop 

Zanotti 

AfcKpi 

Lambert 

Widdcr 
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Year 


Inclm. of 
Oibit 

fVriheliuo 

I'enhcl. 

Dift. 



Calculated by 


• 

O 

/ 

0 / 

« 

0 ' 



d 

h 



1769 

$ *5 

3 

40 50 

4 24 16 

12264 

Oft. 

7 

15 

Dir. 

Euler 


5 

2 5 

5 

40 50 

4 24 ti 

12269 


7 

16 

4 • • 

Lex ell 


5 

25 

6 

40 47 

4 

24 16 

12274 


7 

16 

• • • 

Pingre 

* 77 ° 

4 

16 

39 

t 44 

11 

26 7 

62959 

Aug. 

9 

0 

Dir. 

Pingre 


4 

>3 39 

I 41 

11 

25 5 

65S0O 


10 

22 

• • . 

Pingre 


4 

15 29 

» 47 

11 

26 7 

629 J 5 


9 

0 

. . . 

Profperin 


4 

*5 

4 

' 45 

11 

22 51 

64456 


8 

9 

• . . 

Prolperin 


4 

>4 

3 ° 

1 23 

0 

7 >4 

71717 


2j 

2 

• • • 

Profperin 


4 

12 

56 

i 46 

11 

29 45 

64946 


12 

21 

• • • 

VViddcr 

1770 

4 

12 

0 

1 34 

11 

26 16 

67438 

Aug. 

>3 

*3 

Dir. 

Lcxell 


4 

12 

>7 

1 35 

11 

26 26 

67689 


>4 

0 

• • • 

l mgre 


4 

16 

>4 

1 45 

11 

26 13 

62872 


9 

1 


Slop 


4 

12 

0 

1 55 

11 

25 57 

631OO 


9 

4 

• • • 

Lambert 


4 

>4 

22 

1 49 

11 

26 ly 

62758 


8 

>9 

• . • 

Rittcnhuufe 

1770 

3 

18 

42 

31 26 

6 28 23 

52824 

Nov. 

22 

6 

Ret. 

Pingre 

1 7 7 1 

0 

27 

5 » 

1 1 15 

3 

13 28 

90576 

April 

18 

22 

Dir. 

Pingre 


0 

27 

5 ° 

11 17 

3 

>3 4 « 

90188 


>9 

I 

• • • 

Prolperin 

1772 

8 

12 

43 

19 0 

3 

18 r. 

IO1814 

Feb. 

18 

2 I 

Dir. 

La Landc 

>773 

4 

1 

16 

61 25 

2 

>5 36 

1 > 339 ° 

Sept, 

5 

11 

Dir. 

Pingre 


4 

3 

>5 

62 33 

2 

21 40 

123800 


2 

12 

. • • 

Lambert 


4 

3 

35 

62 36 

2 

20 43 

121550 


2 

>9 

. . . 

Schultz 


4 

1 

12 

6l 2 1 

2 

15 t6 

113010 


5 

6 

. . . 

Lexcll 


4 

I 

5 

61 10 

2 

14 58 

112530 


5 

9 

• • • 

Pingre 

>774 

6 

0 

57 

82 48 

10 

16 28 

142525 

Aug. 

*4 

4 

Dir. 

Dc Saron 


6 

0 

50 

82 49 

to 

16 48 

142525 


>4 

18 

• . . 

De Saron 


6 

! 

22 

82 21 

to 

17 2(1 

1426450 


>5 

5 

. . • 

isoleowich ■ 


6 

0 

So 

83 O 

to 

17 22 

142860 


>> 

11 

. . • 

A J cell a in 

1779 

0 

25 

3 

32 26 

2 

27 14 

71322 

Jan. 

4 

3 

Dir. 

De Saron 


O 

2 5 

6 

32 24 

2 

27 >.i 

7 >3 >3 


4 

2 

. . . 

Medium 


O 

2 5 

4 

32 26 

2 

2 7 >4 

7 1 3 1 9 


4 

2 

• • . 

D’Angos 

17S0 

4 

4 

0 

53 5 6 

8 

d 30 

9781 

Sept. 

•r* n 

.v- 1 

20 

Ret. 

Lo.cH 


4 

4 30 

53 1.5 

8 

6 19 

10047 


3 ^ 

16 

• • • 

Lexell 


4 

4 

9 

S3 4 s 

8 

6 21 

9926 


3 ° 

iS 

... 

Media: n 

1781 

2 

25 

>3 

5 16 

5 

22 17 

1027758 

March 

>3 

0 

Dir. 

Bofe.nvich 






5 

28 13 

944030 

Jan. 

2 7 

6 

• • • 

Ln Place 

1781 


.23 

I 

Hi 43 

ro 

/ 

29 11 

77586 

| ulv 

7 

5 

Dir. 

Medium 

1 7 s 1 

2 

>7 

23 

27 >3 

0 

I r > 3 

96101 

Nov. 

20 

>3 

Net. 

Mcehain • 


M. T r aeio lias fuggcfted, that fome of the comets 
Vive their nodes fo veiy near the annual orbit of the 
earth, that if the earth fhotild happen to be found in 
that part next the node at the time of a eomet’s pafT- 
*7 tier by; as the apparent motion of the ennui will be 
{ umeufcly fvvift, to it., parallax will become very feufi- 
t>le ; anti its proportion to that of the fun will be 
given : yv1ilt.cc, inch t rani'll 3 of comets will a fiord the 
bell means of determining the difiance between the 
earth and inn. 

The comcL of I -} 7 2, for inflaiiee, had a parallax 
above 70 times gieater than the lun’s: and if that of 
1618 had come down in the beginning of March to its 
ddeending node, it would have been much Hearer the 
aarth, and its parallax much more notable. Hut hither¬ 
to none has threatened the earth with a nearer appulle 
than that of 1680: for, l)r. Halley finds, by calcula¬ 
tion, that Nov. 11th, at t h. 6 min. afternoon, that 
« on let was 1 ot more than one feniidiameter of t lie earth 
to the northward of the earth's path ; at which time 
had the earth been in that part of its orbit, the comet 
would have had a parallax equal to that of the moon.— 


What might have been the confequcncc of fo near an 
appulle, a contact, or l.tillv, a fhoek of thefe bodies? 
Mr. Whilton lavs, a deluge ! 

To t'wt-nK'.in i!;i Pl.u v an A C*urfe (f a Comet. —Ob- 
ferve the dillanee ot tlie comet from two lixed liars, 
wliofe longitudes and latitudes are known : then from 
the dill.inees thus known, calculate the place of the 
comet by fpherical trigo: ometrv. 

Longoutontanus fln asati e:ily method c f finding and 
tracing out the places of a cornet mechanically, which 
is, tv) find two liars in the fame line with the comet, 
by flr-tcl;iug a thread before the ei c over ;.!! the three ; 
then do the fame by two other iters and the conut: 
this done, take a celeil.al globe, or a planifpheie, and 
draw a line upon it lit ft through the furmci two it:ir.., 
and then through the latter two; fo fhall the interfec- 
tion of the two lines be the place of the comet at that 
time. If this be repeated from time to time, and all 
the points of interleit'on commuted, 11 will ihew the 
path of the comet in the heavens. 

COMETARIUM, a machine adapted to give a re- 
prefcuUlivu of the 1 evolution of a comet about the fun. 

It 








COM 


t 3 

It is fo contrived as, by elliptical wheels, to {hew the 
unequal motion of a comet in every part of its orbit. 
The comet is reprefented by a fmall brafs ball, carried 
by a radius ve&or, or wire, in an elliptical groove about 
' the fun in one of its foci; and the years of its period 
are {hewn by an index moving with an equable motion 
over a graduated filvered circle. See a particular dc- 
feription, with a figure of it, in Fergufon’s A (Iron. 8vo. 
pa. 4C0. 

COMMANDING (Frederick), a celebrated 
mathematician and linguift, was born at Urbino in 
Italy, in 1509 ; and died in 1575 5 confequently at 66 
ears of age. He wa3 famous for his learning and 
novvledge in the fcienccs. To a great depth, and juft 
taftc in the mathematics, he joined a critical {kill in the 
Greek language; a happy conjunction which made him 
very well qualified for ttanflating and expounding the 
writings of the Greek mathematicians. And accord* 
ingly, with a tnoft laudable zeal and induftry, he tranf- 
latcd and publiflied fevcral of their works, to which no 
former writer had done that good office. On which 
account, Francis Moria, duke of Urbino, who was very 
converfant in thofe fcicnces, proved a very affectionate 
patron to him. He is greatly applauded by Biauchanus, 
and other writers; and he juftly deferved their cnco* 
miums. 

Of his own works Commandinc publifhed the follow* 
»ng: 

1. Commentaries in Planifphxrium Ptolomxi: 1558, 
in 4I0. 

2. De Centro Gravitatis Solidorums Bunon. 1565, 
in 4to. 

3. Horologiontm Defcriptio : Rom. I 562, in 4to. 

He tranfiated and illuftrated with notes the follow¬ 
ing works, moll of them beautifully printed, in 4to. by 
the celebrated printer Aldus ; 

1. Archimedis Circuit Dimenfio ; de Lineis Spirali- 
bus; Quadrature Parabola:; de Conoidibus & Sphx- 
roidibus ; de Arenx Numero : 1558. 

2. Ptolomxi Planifphxrium ; Si Planifpluerium Jor¬ 
dan! : 1558. 

3. Ptolomxi Analemma: 1562. 

4. Archimedis de iis qux vchuntur in aqua: *565. 

5. Apollonii Pergxi Conicornm libri qnatuor, una 
cum l’appi Alexandrini Lemmatibus, & Commentariis 
Eutocii Afcalonitx, &c: 1566. 

6. Machometes Bagdadinus de Superficicrum Divi- 
fionibus: 1570. 

7. Elementa Euclidis: 1572. 

8. Ariftarchu8 de Magnitudinibus & Dillantiis Solis 
8 c Lunx: 1572. 

9. Hcronis Alexandrini Spiritualium liber : 1583.' 

10. Pappi Alexandrini Colle&iones Mathematics: 
1388. 

COMMANDING Ground , in Fortification, an emi¬ 
nence, or riling ground, overlooking any poll or ftrong 
place. This is of three forts, ift, A Front Command¬ 
ing Ground, or a height oppofite to the face of the 
poft, which plays upon its front. 2dJy, A Rtvtrfe 
Commanding Ground, or an eminence that can play upon 
the rear or back of the poll. 3<Uy, An Enfilade Com¬ 
manding Ground, or an eminence in flank which can* 
with its {hot, fcour all the length of a ftraight line. 
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COMMENSURABLE Quantities, or Magnitudes, 
are fuch as have fome common aliquot part, or which 
may be meafured or divided, without a remainder, by 
one and the fame mcafure or divifor, called their com¬ 
mon mcafure. Thus, a foot and a yard arc cotnmen - 
fin able, becaufe there is a third quantity that can mea- 
furc each, viz an inch ; which is 12 times contained in 
the foot, and 36 times in the yard.—Commenfurable:; 
arc to each other, as one rational whole number is to 
another ; but incommenlurablea are not fo s And there¬ 
fore the ratio of cnmmenfurables is rational; but that 
of incomincufurablcs, irrational: hence alfo the expo¬ 
nent of the ratio of commenfurables, is a rational num¬ 
ber. 

COMMENSURABLE Numbers, whether integers, 
or fraftions, or funis, are fuch as have fome other num¬ 
ber, which will mcafure or divide them cxa£lly, or 
without a remainder. Thus, 6 and 8 are eommenfura • 
ble, becaufe 2 meafures or divides them both. And 
| and or and are commenfurable fractions, be¬ 
caufe the fraction or ,' t , &c, will mcafure them 

both ; and in this fetifc, all fractions may be fa id to be 
commenfurable. Alfo, the furds 2 v's and 3^/2 are 
commenfurable, being meafured by ^/a, or being to 
each other as 2 to 3. 

Commensurable in Power, Euclid fays, right 
lines arc commenfurable in power, when their fquares 
are meafured by one and the fame fpacc or fupcrlicies. 

COMMON, is applied to an angle, line, mcafure, or 
the like, that belongs to two or more figures, or other 
things. As, a common angle, a common fide, a com¬ 
mon bafe, a common meafure, &c. 

Common Measure, or divifor, is that which mea¬ 
fures two or more things without a remainder. So of 
8 and 12, a common meafure is 2, and fo is 4. 

3 be greatjl Common Meafure . is the greateft number 
that can mcafure two other numbers. So, of 8 and 12, 
the greateft common meafure is 4. 

7 a.find the great, f common meafure of two numbers. 
Divide the greater term by the Ids ; then divide the di¬ 
vifor by the remainder, if there be any ; and lb on con¬ 
tinually, always dividing the laft divifor by the lull re¬ 
mainder, till nothing remains; and then is the laft di¬ 
vifor the greateft common meafure fought. 

Thus, to fiud the greateft common meafure of 4 i -6 
and 1488. 

816)1488(1 

816 

672)816(1 

672 

i 4 4 ) 672<4 

Hi 

96)144(1 

96 

the common menf. 48)96(2 
96 

o 


Therefore 
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Therefore 48 i* the greateft common meafurc of 816 

and 1488,thus: 

48)8:6(17 48)1488(31 

48 144 


S 3 6 48 

33 6 48 

The common mcafurc is ufeful in frn&ions, to re¬ 
duce a fraction to its leall terms, by dividing thofe that 
tire given by their greateft common meafurc. So VVvV 
reduces to } j, by dividing 816 and 1488 both by their 
greateft common meafurc 48. 

COMMUNICATION of Motion, that a& of a 
moving body, by which it gives motion, or transfers 
it.- motion to another body. 

l ather Mallcbranche confidcrs the communication of 
in->t ion, as lbmcthing mctaphyliesl; that is, as not ne- 
ceffarily arifing from any phvftcal principles, or any 
} e. iprrticB of bodies, but flowing from the immediate 
Mgeney of God. 

The communication of motion refults from, and is an 
ciii'mea of the impenetrability and inertia of matter, 
; s j'leh ; mild's we admit the hvpothefis of the penc¬ 
il. ibiliu of matter, advanced by Dofcovich ami Micbcll, 
and afcribc to the power of tcpulfioii thofe effects which 
iiave been ufually alcvibed to its lolidity and actual re- 
fiihoiee. 

Newton (hev.•; that action and reaction arc equal and 
oppollte; fo that one body llriking or acting againft 
another and thence caufing a change in its motion, 
doe- i.l'elf m.d. ’go the very lame change in its own 
motion, the c mti..ry wav. And hence, a moving body 
ih iking directly another at reft, it lofes jnll as mucli of 
its motion as it communicates to the other. For the 
laws and quantity of motion fo communicated, either in 
flattie or nonehiftic bodies, fee Collision. 

COMMUTATION', Angie nf is the diflnncc be¬ 
tween the lun’is true place fecit from the earth, and 
the place of a planet reduced to the ecliptic : which 
thcieforc is found by taking the difference between the 
fun’s longitude and the heliocentric longitude of the 
planet. 

COMPANY, Ru!t of, or Rit.’e of VAlouJUp, in 
Arithmetic, is a rule by which are determined the true 
lhares of profit or loft, due to the fcvcral partners, or 
affociates, in any enterprize, or tiade, in due propor¬ 
tion to the ftock contributed by each, and tlie time it 
was employed. To do which pioperly, fee the Huh' f 
J'Clln'zv/hip. 

COMPARTMENT, a defign compofid of fcvcral 
different figures, difpofed with fymmttry ; to adorn a 
parterre, a cieling, pannel of joinery, or the like. 

COMP A RT 1 TI ON, the ufiful and giaeilul diftri- 
bution of the whole ground-plot of an edific., into 
rooms of office, and of reception, or entertainment. 

COMPASS, or Miiriv.cRs Cuwp.fs, ft an infliumcnt 
ufed at fca by uiarinns to diuct and afccrlain the 
courfe of their (hips. It eonliits of a circular brafs box, 
which contains a paper caul with the 32 points of the 
compafs, or winds, fixed on a magnetic needle that al¬ 
ways turns to the north, excepting a fmall deviation, 
which isvaiiable at different places, and at ;hc fame 
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place at different times. See Variation of the Cant- 
pafs. 

The needle with the card turns on an upright pin 
fixed in the centre of the box. To the middle of the 
needle is fixed a brafs conical focket or cap, by which 
the card hanging on the pin turns freely round the 
centre. 

The top of the box is covered with a glafs, to pre¬ 
vent the wind from difturbing the motion of the card. 
The whole is iticlofcd in another box of wood, where 
it is fufpended by brafs hoops or gimbals, to keep the 
card in a horizontal pofition during the motions of the 
fhip. The whole is to be fo placed in the fhip, that 
the middle fe£lion of the box, parallel to its fides, may¬ 
be parallel to the middle fection of the fhip along its 
keel. 

The invention of the compafs is ufually aferibed to 
Flavin Gioia, or Flavio of Malphi, about the year 
1302; and hence it is that the territory of Principato, 
the part of the kingdom of Naples where he was born, 
has a compafs for its arms. Fie divided his compafs 
only into 8 points. Others aferibe the invention lo 
the Chincfe ; and Gilbert, in his book Jt Magnete, af¬ 
firms that Marcus Panina, a Venetian, making a jour¬ 
ney to China, brought back the invention with him in 
1260. What flrcngthcnsthis conje&ure is, that at firft 
they ufed the compafs, in the fame manner as the Chinele 
ftill do, viz, letting it float on a fmall piece of cork, in- 
ftead of fufpendiug it 011 a pivot. It is added, that 
their emperor Chiningus, a celebrated aftrologcr, had a 
knowledge of it 11 :o years before Chrifl. The Chi- 
nefe dividq their compafs only into 24 points. Hut 
J.ndi Vcrtomanus alfirms, that when he was in the 
Eaft-Tndics, about the year 1500, he faw a pilot of a 
fhip direct his courfe by a compafs, fatlened and framed 
as thofe now commonly uled. And Bat tow, in hit 
hook called The Navigator’s Supply, anno 1597, fays, 
that in a p.ifonal conference with two Eafl-Indians, 
they affirmed, that inftcad of our compafs, they ufe a 
magnetical needle of 6 inches, and longer, upon a pin 
in a difh of while China earth, filled with water; in 
the bottom of which they have two crofs lines for the 4 
piincipal \\ inds, the roll of the divilions being left to 
the (kill of their pilots. Alfo in the fame book he fay* 
that tlie Portugueft, in their firft difeovery of the Eall- 
Indics, got a pilot of Mnhinde, who brought them from 
thence in 33 days, w ithin fight of Calient. 

But Fiiiichcttr relates i<une verfes of Guoyot de Pro¬ 
vence, who lived ii> France about the year 1 jco, which 
feein to make mention of the compafs under the name 
of marineiti, or n.^ritu r’sfmr ; which fi'tiv it was ufed in 
Fiance near too years bvfoie either the .Vlaltite or Vene¬ 
tian one. The French even lay claim lo the invention, 
fiom the flcur de lys with which moll people dillin- 
guifli the not th point of the card. With as much rca- 
lon Dr. Wallis alci iocs it to the Knglifli, from its name 
ton)pafs, by which name moll nations call It, and which 
he obferves is ufed in many pans of England to fignify 
u circle. 

The mariner’s compafs was long very rude and im- 
pcrft iff, but at length received gieal improvement from 
the invention ami expeiiir.ents of l)r. Knight, who 
difeoveredi the ufeful practice of making artificial mag¬ 
nets ; and the farther emendations of Mr. Smcatuu, and 
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Mr M'Culloch, by which the needles are larger and 
llrongcr than formerly, and inltead of Twinging in gim- 
Iials, the compafs is fupported in its very centre upon a 
prop, and the centres of motion, gravity, and magnet* 
ifm are brought almofl all to the fame point. 

After the difeovery of that moll ufeful property of 
the magnet, or loadilonc, viz, its giving a polarity to 
hardened iron or Heel, the compafs was many years in 
ufe before it was known in anytvife to deviate from the 
pules of the wmhl. About the middle of the 16th 
century, fo confident were fome perfons that the net die 
invariably pointed due north, that they treated with 
contempt the notion of the variation, which about that 
time began to he lbfpeek'd. However, careful obfer- 
vatioiu foon diicovered that in Kngland, and its neigh¬ 
bourhood, the needle pointed to the caflwatd of the 
true north line} and the quantity of this deviation 
being known, mariners became as well fatislied as if the 
compafs had none; bec.iufe the true couife could be 
obtained by making allowance for the true variation. 

From luececding obfervntions it was afterwards found, 
that the deviation of the needle from the north was not 
a ronftant quantity, hut that it gradually diminiflied, 
and at bill, namely, about the year 1657, it was found 
that the needle pointed due north at London, and has 
ever fincc been going to the wdkvard, till now the va¬ 
riation is upwards of two points of the compafs: indeed 
it was 22 0 41' about the middle of the year 1781, as 
appears by the Piiiluf. Tranf. pa. 225, for that year, 
and is piobably now fomewh it mure, which it would 
be of confequence to know ; but why Inch ufeful obfer- 
vatiuns and experiments, as thole of the variation and 
dip of the magnetic needle, luve been fo long dilconti- 
n ud, to jthc prejudice of feiem e, is bell known to the 
learned Prefident of that Society, and his Council. So 
that in any one place it may be fulpeCted the variation 
has a kind of libratory motion, travelling through the 
north, to unknown limits call ward and wcilward. But 
the fettling of this point mull be left to time and future 
experiments. See Fariuiion, alio Inclination , and Dip. 
Alfo for a farther defeription of difleicnt compafles and 
their ufes, fee that ufeful book, Robe it foil’s Naviga¬ 
tion, vol. a. p. 231. 

The Azimuth Compass differs from the common fea 
compafs in this; that the circumference of the card or 
l>ox ib divided into degrees ; and there is fitted to the 
box an index with two lights, which are upright pieces 
of brafs, placed diametrically oppofitc to each other, 
having a flit down the middle of them, through which 
the fun or liar is to be viewed at the time of obferva- 
tion. 

The Ufe of the Azimuth Compafs, is to take the bear¬ 
ing of any celcllial object, when it is in, or above the 
horizon, that from the magnetical azimuth or ampli¬ 
tude, the variation of the needle may be known. See 
Azimuth , and Amplitude, 

The figure of the compafs card, with the names of 
the 32 points or winds, are as in fig. 5, plate vi; where 
other compafles are alfo exhibited. 

As there are 32 whole points quite around the circle, 
which contains 360 degrees, therefore each point of 
the compafs contains the 3 2d part of 360, that is 
Iti degrees, or 11° 15'; confequcntly tlte half point i* 

J* 'S? 4 °"» a “d the quarter point 2* 48' 45". 


*4 ] 

The points of the compafs are otherwife called 
Rhumbs ; and the numbers of degrees, minutes and fe- 
conds made by every quarter point with tiic meridian, 
are exhibited in the following table. 


A TABLE ol Rhumbs, rtiewin;', 1 1 |.- Decrees, Minutes, and 
Seconds, that evrrv Point and yjo.u uu-j iint ol ihe C1m1p.1l'. 
mak.es with tl.r Mt riiliim. 
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Compass Di dt, are fmall dials, littu! in b, xcs, fi r 
the pocket, to llu-v the hour of the day hv the direc¬ 
tion of tile needle that indicate., bow to ph.c. them 
right, by turning the dial about till the euck or ilvlc 
Hand directly over the isndlc. lint thife tan nevci he 
very exact, becanfe of the vniation of tin: needle itfelf; 
unlefs tliat variation be allowed for, in making and 
placing the inflr.tment. 

COMPASSLS, or Pair of C-v’t\f-r r s, a mathe¬ 
matical iidlruinent for di iVrihiug circle.., n.i muring and 
dividing lines, or figures, t,c. 

The common com puffer. conlifl of two fharp-pointed 
branches or legs of iron, fuel, bials, or othta r.ut.il, 
joined together at the top by a rivet, about which they 
move as on a centre. Thole compuffi» ate of tile belt 
fort in which the pin or axle, on which the joint turns, 
is made of Heel, and alfo half the joint itfelf, ns the op 
polite metals wear more equally : the points fhuulJ alfo 
be made of hard Heel, well poli/hed : and the joint 
Ihoitld open and Hint with a fmooth, cafy, and uniform 
motion. In fome compafles, the points are both fixed; 
but in others, one is made to take out occafionally, and 
a drawing-pen, or pencil, put in its place. 

There are in ufe compafles of various kinds and con¬ 
trivances, adapted to the various purpofes they are in¬ 
tended for ; as. 

Compasses of three Legs, or Triangular Compafles; 
the conflru&ion of which is like that of the common, 
compafles, with the addition of a thiid leg’ or point, 

which 
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which has a motion every way. Tliclr ufe is to take 
three points at once, and fo to form triangles, and lay 
-down three pofitions of a map to lie copied at once. 

Beam Compasses con fill of a long Araight beam 
or bar, carrying two brafs curfors; one of theft being 
fixed at one end, the other hiding along the beam, 
with a ferew to fallen it on occalionully. To thecuifors 
may be ferewed points of any kind, whether Heel, pen¬ 
cils, or the like. To the fixed curfor is fometimes ap¬ 
plied an adjulling or micrometer ferew, by which an 
extent is obtained to very great nicity. Tlie beam 
compafies arc nfed to draw large circles, to take great 
extents, or the like. 

JJ.nv Compassls, or Hows, aie a finall fort of com- 
paffes, that Hint up in a hoop, which ferves fora handle. 
Their «fe is to deferibe aics or circumferences with a 
very finall radiur. 

Caliber Comp ass rs. See Cai.ibi s. 

Clnchind t.i Compasses aie jointed like the common 
compares, with a ijuadniut or how, like the fpriug com- 
pafies ; only of difnictit life, ferving here to keep the 
jiilfniment firm at any opening. They are made very 
fining, with the points of their legs of well-tempered 
■fled, as being tiled to draw or cut lines in palleboard, 
or copper, &e. 

CyUntlricj! and Sp’-rric:tl Compasses, confiil of four 
branches, joined in a untie, two of them being circular 
;:nd two ilat, a little bent at the ends. The ufe of 
them is to lake the diameter, tliicknclV, or caliber of 
round or cylindrical bodies ; as cannons, balls, pipes, 
ike. 

There are alfo fphcrical compafies, differing in 110- 
■1.1 dug from the common ones, but that their legs are 
arched ; ferving to take the diameters of round bodies. 

There is alio another foit of compafies lately invented, 
for rceafuring the diameter of round bodies, a:, balls, f\c, 
which cuniiil of two fiat pieces of metal fet at right 
angles on a flraigbt bar or beam of the fame ; the one 
; icee being fixed, and the other Hiding along it, fo far 
usjuil toneiivc the round body between them ; and 
then its diameter, or ditlanec between the two pieces, 
i; fhewii by the did l.ons marked on the beam. 

Elliptn <7/ C11 m ,• a s ns, are ufed to draw cllipfes or 
ovals of any khid. 'l'he inlliumeiit conlills of a beam 
All (l’hite m. fig. 6. ' about a foot long, bearing three 
curfors; to one of which may be ferewed points of any 
kind ; and to the bottom of the other two are rivetted 
two Hiding dove-tails, adjulled in grooves made in the 
erofs branches of the beam, 'l’he dove-tails having a 
motion every way, by turning about the long branch, 
they go backward and forwaid along the ends; fo that 
when the beam lias gone half way lound, one of tliefe 
will have moved the whole length of one of the 
branches; and when the beam has gone quite louiid, 
the fame dove-tail lias gone back the whole length of 
the blanch. Underhand the fame-of the other dove¬ 
tail. 

Note, the diflancc between the two Hiding dove¬ 
tails, is the diflancc between the two foci of the ellipfe; 
fo that by changing that diflancc, the ellipfe will be 
rounder or flatter. Under the ends of the branches of 
the eiofs, aie placed four fieri points to keep it fall. 

The ufe of this compuiit is cafy : by turning round 


the long branch, the pen, pencil, or other points wtU 
draw the ellipfe required. 

Its figure fhews both its ufe and conftruflion. 

German Com passes have their legs a little bent out¬ 
wards, near the top; fo that when flint, the points only 
meet. 

/fair Qompasses are fo contrived within,fide by a 
finall adjnfting ferew to one of the legs, as to take an 
extent to a hair’s breadth, or great exadlnefs. 

Proportional Compasses are thofc whofc joint lies, 
not at the end of the legs, but between the points ter¬ 
minating each leg. Tliefe are either Ample, or com¬ 
pound. In the former fort the centre, or place of the 
joint is fixed ; fo that one pair of tliefe ferves only for 
one proportion. 

Compound Proport inn a l Compasses lave the joint or 
centre moveable. They coufiii of two parts or (ides of 
brafs, which lie upon each other fo nicely as to feem 
but one when they are flint. Thefe fides cafily open, 
and move about the centre, which is itfclf moveable in 
a hollow canal cut through the greatefl part of their 
length. To this centre on each fide is fixed a Aiding 
piece, of a finall length, w’ith a fine line drawn on it 
ferving as an index, to be fet agninfl other lints or di- 
vifions placed upon the compafies on both fides. Thefe 
lines are, 1, A line of lines; 2, a line of fuperficics, 
areas, or planes, the numbers on which anfwer to the 
fquares of thofc on the line of lines ; 3, a line of folids, 
the numbers on which anfwer to the cubes of thofe on 
the line oflincs ; 4, a line of circles, or rather of polv- 
gor.stobe infcribtd in circles. Thefe lines are all unequal¬ 
ly divided, the firil three lrom 1 to 20, and the lift from 
6 to 20. The ufe of the firfl is to divide a line into any 
number of equal parts; by the 2d and 3d are found the 
fides of like planes or folids in any given proportion ; 
and by the 4th, circles are divided into any number of 
equal parts, or any polygons infciibed in them. See 
Plate vi. fig. 7. 

Compasses, or Dividers, are made of harden¬ 
ed fled, with an niched head, which by its fpring opens 
the legs; the opening being directed by' a circular ferew 
faflened to one. of the legs, let through the other, and 
worked with a tint. 

TrtfeBin" Compasses, for the Infecting of angles 
geometrically, for which purpofe they were invented 
by r M. Tarragon. 

The iiiflriimcnt confiils of two central rules, and an 
arch of a circle of 120 degrees, immoveable, with its 
radius: the radius is faflened with one of the central 
rules, like the two legs of a iVeior, that the central rule 
may he carried through all the points of the circum¬ 
ference of tlie arch* The radius and rule fhould he as 
thin as poffible ; and the rule faflened to the radius 
fhould be hamnvicd cold, to be more dnflie; and the 
breadth of 1 lie other central rule muil he tuple the 
breadth of the radius: in this rule alfo is a groove, with 
a dove-tail faflened on it, for its motion; there mull 
alio be a hole in the centre of each rule. 

Turn-up Cbf-tr Asslts, a late eontiivar.ee to fave the 
trouble of changing the points : the body is like the 
common compalles; and towards the bottom of the legs 
without fide, arc added two other points, befides the 
ufiial ones; the one carrying a drawing pen point; und 
a s 2 th« 
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the other a port-crayon; both-being adjufted to turn 
up, to be ufed or not, a» occafion may require. 

COMPLEMENT in general, is what is wanting, 
or neceffary, to complete fome certain quantity or thing. 
As, the 

Complement of an arch or a off, as of 90° or a 
quadrant, is what any given arch or angle wants of it 5 
fo the complement of 50° is 40°, and the complement of 
ico degrees is —-io°, a negative quantity.—The com¬ 
plement to 180° is ufually called the fupplcmcnt, to dif- 
tinguifh it from the complement to ()C°, propei ly lo 
called.—-The fine of the complement of au arc, is con¬ 
tracted into the word cofinc : the tangent of the com¬ 
plement, into cotangent; &c. 

Jtritbmctical Complement, is what a number or lo¬ 
garithm wasts of unity or 1 with fome number of 
ciphers. Tt is belt found, by beginning at the left-hand 
fide, and fubtrafting every figure from 9, except the lait, 
or right-hand figure, which muff be lubt rafted from 10, 
So, the arithmetical comp, of the log. y‘532y7 14, 
by fubtrafting from c/s, &o, is o’46702 86. 

The arithmetical complements are much ufed in ope¬ 
rations by logarithms, to change fubtradions into ad¬ 
ditions, which are more conveniently performed, espe¬ 
cially when there are more than one of them in the 
operation. 

Complement, in Aftronomy, is ufed for the dif- 
tance of a ilar from the zenith ; or the are contained 
between the zenith and the place of a ftar which is above 
the horizon. It is the fame as the complement of the 
altitude, or co-altitude, or the zenith dilhince. 

Complement of the Courfe, in Navigation, is the 
quantity which the courfc wants of cjo°, or 8 points, 
viz, a quarter of the compafs. 

Complement of the Curtain, in Fortification, is 
that part of the anterior fide of the curtain, which 
makes the demigorge. 

Co m element of the Line of Defence, is the remainder 
of that line, after the angle of the flank is taken away. 

Complements of a Pjrallelogiam, nr in a Parallelo¬ 
gram,- are the two lefi'er parallelograms, made by draw¬ 
ing two right lines parallel to 
each fide of the given parallelo¬ 
gram, through the fame point in 
the diagonal. So P and Q_are 
the complements in the paralle¬ 
logram ABCD. 

In every cafe, thefe comple¬ 
ments are always equal, viz, the 
parallelogram P = 

Complement of Life , a term much ufed, in the 
doftrine of Life Annuities, by De Moivrc, and, ac¬ 
cording to him, it denotes the number of years which 
a given life wants of 86, this being the age which lie 
coufidcrcd as the utmoll probable extent of life. So 
56 is the complement of 30, and 30 is the complement 
of 56. 

That author fuppofed an equal annua! decrement of 
life through all its ilages, till the age of 86. Thus, if 
there be 56 perfons living at 30 years of age, it is fup¬ 
pofed that one will die every year, till they be all dead 
111 56 years. This hypothecs in many cafes is very 
acar the truth; and it agrees fo nearly with Halley’s 
4 



table, formed from his obfervations of the mortuary 
bills of B reflaw, that the value of lives deduced either 
from the hypothefis, or the table, need not be dillin- 
guiihed ; hence it very much cafes the labour of calcu¬ 
lating them. See life Annuities, alfo De Moivrc’a 
Treatifc on Annuities, pa. 83, and Price on Rcver- 
fionary Payments, pa. 2. 

COMPOSITE Number, is one that is compounded 
of, or made up by the multiplication of two other num¬ 
bers, grcatei than t, or which can be meafured by fome 
olhtt number greater than I. As 12, which is coin- 
pofed, or compounded of 2 and (>, or 3 and 4, viz by 
multiplying together 2 and 6, or 3 and 4, both pro¬ 
ducts making the fame number 12 ; which therefore is 
a compoiiic number. 

Compofitcs arcoppofod to prime numbers, or prime?, 
which cannot be exactly mrnfmed by any other num¬ 
ber, and cannot be produced by multiplying together 
tw o other factors. 

Comj'ofite Numbers between themfelvet, are the fame 
with commcnfurable numbers, or fuch as have a com¬ 
mon mcafure or factor; as 15 and ra, which have the 
common term 3. 

The doctiine of Ptime and Com polite numbers 13 
pretty lully treated in the 7th and 8th books of Euclid’s 
Elements. 

Composite Order, in Arehittfturc, is the Ia!l of the 
five orders of columns ; and is fo called hecrtule its ca¬ 
pital is computed out of thofe of the other orders. 
Thus, it borrows a quarter-round from the Tiifcan and 
Doric; a double row of leaves from the Corinthian ; 
and volutes from the Ionic. Its cornice has fingle mo- 
dillions, or dentils ; and its column is ao diameter--, in 
height. 

This order is alfo called the Roman order, and Italic 
order, as having been invented try the Romans, like as 
the other ordcis are denominated from the people among 
whom they had their rife. 

COMPOSITION, is a fpecics of rcafonlng l.y which 
we proceed fioiu things that are known and givin, flep 
by ftep, till we airivc at inch as were- before unknown 
or required; viz, proceeding upon piinciples lVil-evi- 
dent, on definitions, pullulates, and axiom,- , v, itii a jn- 
vioufly demonitrated feries of propolitmns, flep hv f l 'p, 
till it gives a clear knowledge of the thing to In- known 
or demon 11 rated. Compoiitiou, othcrwifc tailed the 
fyntheticalmethod, isoppofed to Rcfululion, 01 the ana¬ 
lytical method, and is chiefly ufed by the at.Jcuts, 
Euclid, Apollonius, Sic. See P.ippiia; alio the term 
Slnahfts. 

Composition of forces, or of motion, is the union rr 
affcmblugc of feveral forces or motions that are obliquo 
to one another, into an equivalent one in another dota¬ 
tion. 

1. When feveral forces or motions are united, 
that aft in the fame line of direftion, the combined 
force or motion will he in the fame line of direction 
Hill. But when oblique forces are united, the com¬ 
pounded force takes a new direction, different from 
both, and is either a right line or a curve, according to. 
the nature of the forces compounded. 

2 . If two compounding motions be both equable 
ones, whether equal to each other or not, the line of the 

. compound 
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tompouncl motion will l>d a ftrarglit line. Thus, if the 
one equable in the direction A B be 
fufficient to carry a body over the 
fpace AB in «nv time, and the other 
motion fuflk’uut to pafs over AC in c 
the fame time; then by the coin* 
otmd motion, or both aiding on the 
ody togtllni, it would in the fame 
time pals over the diagonal Al) of 
the paralleled rftm A 1 JDC. For bc- 
cauli* the minions are uniform, any 
fpaces A/', Ac parted over in the fame time, are proper- 
tiuiuil to the velocities, or to AB and AC; and confe- 
cjuentlj all tli- points A, d, d, D, of the path are in the 
fame light line. 

3. And though the compounding motions be not 
equable, but vai table, cither accelerated or retarded, 
juuviiUd tiny do but vary in a finiilar manner, the com¬ 
pounded motion will Hill he in a ftraight line. Thus, 
iunpofe, for iullarice, that the motions both vary in 
fucii a manner, as that the fpaees parted over in the 
lame time, whether they be equal to each other or net, 
are both as the fame power n of the time ; then AB n : 
AC 11 : : Ah": Ac", and hence AB : AC : : A l>: Ac, 
and thciefoie, as before, AA/l) is ftill a light line. 

4- But if the compounding motions be not ihr.ilar to 
cadi other, as when the one is equable and the other 
variable, or when they aie varied in a diflhnilar m 111- 
J'cr ; then the compounded motion is in fume curve 
li.v . So il the motion in the one direction EF be in a 
his propoit ion, with ixlpecl to tin time, than that in tire 
direction Ft* ie, then the path will 
be a curve line 1 /II coueavc to 
wauls FI - ’; but il the motion in 
KF be in a grearer proportion titan 
that in EG, thru the path of the 
((impound motion will l>e a curve 
Kill convex lowauls KF: that is, 
in genet al, the cut vilincal path is 
convex towauls that direction in 
which the motion is in the lefs pro¬ 
portion to the time. Hence, for a 
particular iiiilance, if the motion in 
the direction F f be a motion of projection, which is 
an equable motion, and the motion in the dircdliou EG 
that r.n'ling from gravity, which is a uniformly accele¬ 
rated motion, or in ptoportion to the fquarcs of the 
timis; then is EG as GH’, and J’.j* as gh'~, that is 
KG : Kjt : ; G 1 I 2 :A-, which is the property of the 
j arabola; and therefore the path h/jH of any body pro¬ 
jected, is the common parabola. 

5. 11 there be three forces united, or a fling again ft 
the fame point A at the fame time, viz, the force or 
weight If in the dircfliori AB, and the forces or teu- 
fions in the directions AC, AD ; and if tliefe three 
forces mutually balance each other, fo as to keep the 
common point A in cquilibrio ; then are the fe forces 
(lircdtly proportional to the refpeftive lides of a triangle * 
formed by drawing lines parallel to the directions of 
tliefe forces; or indeed perpendicular to thole direc¬ 
tions, or making any one and the fame angle with them. 
Bo that, if BE be drawn parallel, for initance, to AD, 
iiud meet CA produced iu K, forming the triangle 




ABE; then are the three force* in the direftiont AB f 
AC, AD, refpeftively proportional to the iides AB* 
AE, BE. 



And this theorem, with its corollaries, Dr. Keil ob- 
ferves, is the foundation of all the new mechanics of 
M. Varignon: by help of which may the force of the 
mufelcs be computed, and molt of the mechanic theo¬ 
rems in Borelli, De Motu Animalium, may immedi¬ 
ately be deduced. 

See more of the Compofition of Forces under the ar¬ 
ticle Collision, 

Composition of Numbers and Quantities, See Com¬ 
bination. 

Composition of 'Proportion, according to the 15th 
definition of the 5th book of Euclid's Elements, is 
when, of four proportionals, the fum of the ill and ad 
is to the ad, as the fum of the 3d and 4th is to the 4th; 

:it> if it be a : b : : c : d , 

then by compofition u + b : b : : c+d : d. 

Or, iu mimbeis, if 2 : 4 :: 9 : 18, 

then by compofition 6 : 4 :: 27 : 18. 

Composition of K.t.'ics, is the adding of ratios to¬ 
gether : which is performed by multiplying together 
their correfpomling terms, viz, the antecedents together, 
and the confequents together, for the antecedent and 
confequeut of the compounded ratio; like as the addi¬ 
tion of loginithms is the fame thing as the multiplica¬ 
tion of their correfpouding numbers. Or, il the terms 
of the ratios be placed fraction-wife, then the addition 
or compofition of the ratios, is performed by multiply¬ 
ing the fractions together. 

Thus, the ratio of a : b, or of 2 : 4, 

added to the ratio of c : d, or of 6 : 8, 

makes the ratio of ae : Id, or of 12 : 325 and fo 

the ratio of a r to Id is faid to be compounded of the 
latios of ii to b , and c to d. So likewife, if it were re¬ 
quired to compound together the tlnee ratios, viz, of a 

, . . , . , n e r 1 tee , 

to b, c to ii, and e toy ; then - X - X - — — . are the 

terms of the compound ratio; or the. ratio ol art to l,If 
is compoun.itd, 01 made up ol the latios of a to l, 1 to 
d , and e to f. 

lienee, if the confequeut of each ratio be the fame as 
the antecedent of the preceding ratio, then is the ratio 
of the firli. tcim to the la(l, compounded, or made up of 
all the other ratios, viz, the ratio of a to r, equal to the 
fum of all the ratios of u to b, of i> to c, of c to d, and 

--- the terms or expo¬ 
nents of the compounded ratio. 


c . ah c d 

of d to e 1 for - r x ~ X -; X ~ 

o c d e 


Hence 
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Hence alfo, in a feries of continual proportionals, 
tthe ratio of the firft term to the third is double of the 
ratio of the firft to the fecond, 
and the ratio of the ift to the 4th is triple of it, 
and the ratio of the id to the 5th is quadruple of it, 
and fo on ; that is, the exponents are double, triple, 
quadruple, &c, of the firft exponent: as in the feries 
l, a, a 1 , a 3 , a*, &c ; where the ratio 1 to a~ is double, 
of I to ti 3 tiiple, &c, of tbe ratio of 1 to n ; or the cx» 
ponent of a', a 3 , a*, &C, double, tiiple, quad, uplc, &c, 
of a. 

COMPOUND INtf. rest , called alfo Tn'.cr-Jl vftin 
lahrtfli is that which is reckoned not only upon the 
principal, but upon the intcreft it fel f foibom, winch thus 
becomes a fort of fecondary principal. 

if r be the amount, of J pound for 1 year, tliat is 
the fum of the principal and intereft together for one 
year; then is r z the amount for 2 years, 
and r* the amount for 3 yems, 

and in general r* the amount for / year-:; that is »' is 
the fum or total amount of all the principals and in- 
tcreils together of 11. for the whole time or tiumher of 
yeais t j confequcntly, if /* he any other principal fum, 
rorbom for / years, then its amount in that time at com¬ 
pound intcrift, is a = pi*. 

The Rule therefore in words is tin’:, to one pound 
add its intereft for one yea', or half year, or for the full 
time at which the interell is reckoned; rnife the fum r 
to the power denoted by the time or number of term.;; 
then this power multiplied by the principal, or full 
fum lent, will produce the whole amount. 

l'or example, To find how much 50I. will amount 
to in 5 years at 5 per cent, per annum, compound 

interell.-Here the intereft of 1 1 . for 1 year is 

•oj, and therefore r ~ i*oj ; hence the 5th power 
of it for 5 years, isr 5 =r 1 *27 62 8 &.c; 
multiply this by p or - 50 

gives the amount pt* or 63*8141. 

or 631. tbs. 34d. for the amount fought. 

But Compound Intereft is beft computed by means 
•of fuch a table as the following, being the amount;, of 
1 pound for anv number of years, and at fcveral rates 
of compound intereft. 

As an example of tbe ufc of this table, fnppnfc it 
were required to find the amount of 2joI. for 35 yeais 
at 4 per cent, compound intereft. 

In tiic column of 4 per cent, and line of 3$ years, 




is 


which multiplied by the principal 


3*94609, 
250 


TABLE ot the Amount of il. at Compound Intereft for m*n^ 
Years and feveral Kates oflntcrcft. 



at ^ per 

*t 3 i per 

at 4 per 

at 4} per 

at 5 per 

at 6 per 

i/i 

cent 

cent 

cent 

cent 

cent 

cent 

1 

1'C.VJOCO 

1 *05500 

IT4000 

I ’0450c 

1*05000 

1-0640c 

2 

l■06090 

1*07113 

1 *081610 

i*0910, 

1•10250 

1-12360 

y 

1*09273 

1 *1:872 

t • 12486 

1*14117 

1*15763 

I • 19 J 0? 

A 

1*1255. 

1*1475: 

1•16986 

1*19252 

1 * 21,-51 

1-26248 

c 

1 • 1 *9*7 

1 • 1876(1 

i*21665 

1*24618 

r *27628 

1*33823 

fl 

i*194c5 

1 *22921' 

1 *16532 

t *30126 

1■3401C 

i* 4>852 

•» 

! 

1*22987 

1*27*28 

1*3159; 

1*36086 

1*40710! I • 150361 

8 

1 *26677 

1-31681 

»• 36357 

1 *4Z!!C 

I*47746 

1 *5^385 

<J 

.*3047; 

1 *3620011 -42*41 

1*48612 

1*55133 

■i *68948 

l" 

1*24292 

1 *4 ic(v> 

1*48024 

1*55297 

1 *62891 

1 *79084 

li 

1■ 3 ^ 4 -i 

1-4,997,1*53945 

I * 02 7.^5 

1-71034 

1 *69831- 

12 

1*42576 

1*51107! 1-60103 

1*69588 

1-79586; 2 *0 17 

n 

1 *46853 

1 • c6;c/» 

I *66507 

1 * 7 / 7 . 2 ; 


2*1329; 

>4 

«' 5«*59 

1*61869 

1 *73168 

1*85194 

1-47993 

2 • 260:1' 

f I 

1 \5 579 " 

i •67535; 1 

1 • 9 3 5 2 h 

2-07805 

2 * 34656 

10 

t *60471 

t *7 2299 ; i*8v.’i(8 

2 * C 2 2 3 - 

2 *iSlS ; 

- * 54 *' 3 ■ 

17 

1 -65285 

1*79468 

1*947 

2’« I. 3 . 3 S 

2*29202 

2*69--- 

1^ 

1-70243 

1 »5749 2*C2^b2 

1 * 2.-848 

2*4,662 

■ •’•'•54 54 

in 

1*75351 

1*922;' 

2 • ictS5 

2*3 7 M 

2■52693 

3-0:46. 

t 

1 -Xo6i 1 

1*98979 

.I’lQllI 

2*411-1 

2*6:335 

X'2 7IJ 

s 1 

l *86, 2 9 

2-05942 

1*27877 

2 - 52 , .*4 

2*',’8 5 *>*‘ 

3 • 34-156 


» ’ 131 *1 

2*3699; 

2*63365 

2 * 9 52 6 

3 *’•.' 3:4 

!; 

1 '973 

1*20611 

2*464’2 

2*75217 

3*0-13.’. 

3-819* 


; • 05 * 7 ri.a , 2 »? 3 ? 

2 * 56330 

2*87601 

7*22 51 - 

4*048(13 


2 -(.0378 

l ■ 26 124,2 -06.-,S4 

3*00 54 ; 

7 * 3X6,3 

4*29,8- 

2 b 

2 • 1 c*'5<, 

2-44591, 

2*77247 

3*1406s 

3 * 55 , 6 - 

9* 549 58 

’7 

: m 2 2 \ 2i) 

2-1515;- 

2'Sh 3 37 

3*lS.*oi 

3 - 7?346 

4 - 8 -': 35 

** 

2-23795 

; *6201*’ 

2 * t»tl 'S~ » 

3 ' 4 : 97 *- 

rt 101 ; 

5* I 1 16., 

7 f) 

2 • 35°57 

2*7118s 

VII uti; 

> “ *♦ 4 

411614 

5 ' 4 1 

V' 

1 *42726 2 *#- 0 

3 * 2434 -•>; 3*745 2 ’ 

4 * 3 ’-i '’-7 

5 ' 74:44 

; 1 

2 • 5 ocx 8 

2 * OC ", n 

3'37 3 1 ’ 

3-91 ;86 

4‘53804 

6*. SSl, 

77 

r 57503 

3 67 j 

3*^c'S o l 4 , '-'> )l rj 6 

4 '7649-1 

4.4-3 3,'I 

5 i 

2-65234 

3*12 tw4 3-04^3’ 

4-274, 5 

5 *o. 3*9 

6 *8. 

34 

1 ‘73191 

V'~ 

3-7943214-466;(. 

j • V* i ’ 

7*2-1 .. 


2-X 1386)2-223", 

3-946 9 

:*(;'» 7 ; ^ 

s * 5 1 61 ,.* 

7 *68,6 ,9 

5 " 

;*8(,SiS; 3-45 >27 

4*1^*9; 

4 *?.-;,S 

5-79182 

S-,4-2. 

r 

2-0,35:2 

3 ‘ 571 ’3 

|*2f.8 'j 

.,*.968' 

6*08141 

8*6,6 , 

3* 

2 -07478 2 *6,,6- 1 

4-4 >- v1 

3*3:62: 

6*38548 

9-1542: 

VI 

2*16702 

.3 -'-2 5 

4-6163- 


f - 7 ' 473 

9 " 7 {j 3 ;i 

4 ' 

r 2 ^ 2 ' , 4 i v i i* 

4 - 8 m '2 

; • S i ;i» 

* *- 3 ' 9 , 

f C j • ’> C - ‘ 

41 

2 ‘ .2 599 'l4*.,o-i ;l4* t ;9 *,( 6 

6 -07b t- • 

V 59194 

I-09- 28 , 

4 - 

2-46070:4*24126 

5 * 1727 S 6*3 5162 

7*70 1 S 

1 1 • 

4 : 

2*5645114* 2 M17- 

5*4 ijt, 

9 * 6 - -44 

8 * 1496- 

12 04c 

44 

2*67145:4- 54 ? 3 -i 

3*61632 

6*931,1 - 

8*5371: 

la ■4'- 54 ‘ 

4 ? 

,78.6-. 

4 * 7 _> i ./> 

r*S 4 i.S 

J - *t ' - *’ 

5 *i)S:r 1 

13*76461 

4 '- 

j-Xg;, 4j4*S(,C>y 74.82 

7*:-44 

9 *4 5426114* 59041, 

47 

fo. I 90 J 5 - 0172 V, 

*5 - *31 7 S i 

7 * 9 1 5 -*■ 7 

9 ’ 4 "’ 59 T 

15*4659: 

48 

I'M*- 2 55 ' 2 i 3 5 <i |6 • 5 7 ,’5 2 

b -?.7 i 4 Mr >*4 -127 

16* 3938- 

4 9 

4-2562? 

5 * 39 fioO|(j *b 

b • 64^67 

10*9313, 

17*3774, 

T 

f ’ V' 29 * 

5-38493 

7 * u 66H 

■>•<*, 3264 

• 1 -4679' 

18*42015 


gives .... 986*52250 

or - - - 986/ 1 ox 5 \ (I % 

which is the amount fought. 

Note, By a bare infpe&ion of this fable, it appears 

how many years are required for any fum of money to . 

double itfelf, at any rate of compound intereft; viz, .. perceived, that all curvilinear motion is compound, or 
- , . 1 . ’ -rr..£ 1 ___ .... 


COMPOUND JlhlLn, that motion which is the 
effect of feveral conlpiring powers or forces, viz, fuch 
forces as ate not dirtflly oppolitc to each olli«r : as 
when the radius of a circle is confidercd as rtvolving 
about a centre, and at the fame time a point as mov¬ 
ing ftraight along it ; which produces a kind of a 
fpiral for the path of the point. And hence it is catily 


by looking in the columns when the amount becomes 4 c ^" e ^ two or nu>rc forces ; although every coui- 
the number 2. So it is found that at the feveral rates P olint | motion is not curvilinear. 

the refpe£livc times requifite for doubling any fum. It is a popular theorem in Mechanics, that in uni- 
are nearly thus : viz, form compound motions, the velocity produced by the 

Rate 3 3J 4 Ai S 6 confpiring powers or forces, is to that of either of the 

Years 23* 20J 17! 15$ 144- 12 two compounding powers feparalely, as the diagooal 

of 
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of a parallelogram, according to the direftion of whofe 
fidea they aft feparntely, is to either of the Aides. See 
Composition of Motion , and Colmsion. 

Compound Numbers, thofe com poled of the mul¬ 
tiplication of two or move numbers; as 12, compofed 
of 3 times 4. See Composite. 

Compound Pen.tu’urn, that which eonfifls of feveral 
weights cinftantly keeping the fame dill mice, both 
from each other, and from the centre about which they 
ofeiilute. 

Compound 'il'iies, are fucli as arc connefted 
together by the ligns + or —. Thus, a -1- b, or a — c + d, 
or an — Zii, are compound cjnantities. 

Compound quantities arc difliiiguiflied into binomials, 
trinomials quathinomiul-i, See, .icc oi thug to the num¬ 
ber of Urnvi in them ; viz, the binomial having two 
tr-T's; the tiinomi' 1 , three ; the quadrinomial, 4; See. 
AIfu, thofe that li.ue more than two term:,, ate called 
by the general name of multinomials, as alfo polyno¬ 
mials. 

CoMporsii Ratio, is that which is made by adding 
t'-o ur more ratios together ; viz, by multiplying all 
their antecedents together for the antecedent, and all 
the confequents together for the cotifequeut of the 
compound ratio, tio 6 to 72 is a ratio compounded of 

6 2 3 

the ratios of 2 to and t to 12; bccaufe — = - X —: 

J 72612 

.di«. nb to cd is a ratio compounded ot the ratio of 
a 10 r, and b to d; for —— — x —• Sec Comi osi- 

Cii f it 


Timk of Ratios. 

C< ■'Ml’isESNlOK, the aft of prefling, ot Ar.iteying 
A s, cliiii'g, A 1 as to Icing :ts parts nearer together, and 
jr.-'kc it t-iViipy 1 ds fppee. 

Cninpreiiioti dilfc , from condenfation as tlie caufe 
fi.iin the clue:, ctimpi.liioii icing the action of any 
force on a 1-tulv, without regrtiling its t fie rts ; wheteas 
t ondenfjti'.m clcn.-us ti.e !l«te of a body that is actu- 
,;!!y itduced into a It f» built, and is an til’ict of ct.in- 
prtlliiui, Mn-ugh it nr.'.v he 1 dieted ;:1A> nv other means. 
K: v :th' Uls, compi tllitm and coudcntation are often 

ii.irndtil. 

Pumps, whieh the :nuu tits imagined to aft by dic¬ 
tion. do in -talitv art by cmnpr. flion ; tin jiitlcv, in 
working in the nut row pipe, cetViprelle.t the inclnitd 
air, io as to manic it, by the force of its mereafed elaf- 
ticitv, to raife the val-e, and make its if cape; upon 
width, the balance being dcltivycd, the preflure of the 
atinolphcie on the llagmmt inrfacc, fort es tip 11»c uater 
in the pipe, thus ev.ue.ated of its air. 

. It was long thought that water was not compreffhle 
iuto lefs bulk : and it was believe d, till lately, that after 
the air bad been purged out of it, no att or violence was 
able to prefs it into lefs fpaee. I11 an experiment made 
by the Academy del Cimento, water, when violently 
Iqueezed, made its way tlmiugh the fine ports of a 
globe of gold, rather than yield 10 the comprcllion. 

But the ingenious Mr. Canton, attentively confi¬ 
de ring this experiment, found that it was not fuf- 
ficicntly accurate to juflify the conclufion which had 
always been drawn from it; fince the Florentine phi- 
lofophers had no method of determining that the al¬ 
teration of figure in their globe of gold, occafioucd 


fuch a diminution of its internal capacity, as was ex- 
aftly equal to the quantity of water forced into its 
pores. To bring this matter therefore to a more ac¬ 
curate and dccifive trial, he procured a fmall glafs tube 
of about two feet long, with a ball at one end, of an 
inch and a quarter in diameter. Having filled the ball- 
ami part of the tube with mercury, and brought it ex¬ 
actly to the heat of 50° of Fahrenheit's thermometer, 
lie marked the place where 1 he mercury flood in the 
tube, which was about fix inches and a half above the 
ball; he then railed the mercury by heat to the top of 
the tube, and there ft-alcd the tube hermetically ; then 
upon reducing the mercury to the fame degree of heat 
as before, it flood in the tube -,^*3 of an inch higher 
than the mark. The fame experiment was repeated 
with water exhauftedbf air, inflead of meremy, and the 
water flood in the tube of an inch above I fie mark. 
Since the weight of the atmofphcre tin the outlidc of 
the ball, without any counterbalance from witldn, will 
comprefs the ball, and equally raife both the mercury 
and water, it appears that the water expands of an 
inch more than the mercury by removing the weight 
of the atmofphcre. Having thus determined that water 
is really compreliiblc, lie proceeded to cflimale the 1I2- 
grcc of eomprcHi-.m correfponding to any given weight. 
For this purpofc he prepared another ball, with a 1 
tube joined to it ; ami finding that the mercury in f V'r 
of an inch of the tube was the Imtulnd thoufandth 
part of that contained in the ball, he divided the tube • 
accordingly, lie then filled the ball and part of the 
tube with water cxhaulled of air ; and leaving the tube ' 
open, placed this apparatus under the receiver of an 
air-pump, and oldened the degree of cxpunlion of the 
water aufwt ring to any drgice of ran faction of the 
air: and again l:v pulling it into the glafs receiver of 
a couth riling inline, he noted the degree of eom- 
prefliou of tne utter cunefpondirg to any degree of 
condenfation of the air. He thus found, by repeated 
trials, that, ill a temperature of 50°, and when the 
mercury has been at its mum height in the barometer, 
the water expands one part in 2 1 740 ; and is as much 
coatpitfled by the weight ol an additional ntinolplure; 
or tiie c-unprelhon oi water by twiee the weight of tho 
atiuofpherc, is one part in 10S70 of its wltolc bulk, 
hhoultl it be objected, that the compiiflibility of the 
water tva, owing to any air which it might be fuppofeil 
to contain, he unfit ers, that move air would make it 
more compreliiblc ; he therefore let into the hull a bub¬ 
ble of air, and found that the water was not more 
comprefied by the fame weight than before. 

In fomc further experiments of the fame kind, Mr. 
Canton found tfr.it wafer is more comprcllible in winter 
than in fumtner; hut he olif’erved the cuutraty in lpirit 
of wine, and oil of olives. 

The following table was formed, whin the barometer 
was at 29 inches and a half, and the thermometer at 
50 degrees. 


Comprcllion of 

Millionth 

parts. 

grav. 

Spirit of wine 

66 

84 6 

Oil of olives 

- 48 - 

918 

Rain water 

- 46 - 

JCOO 

Sea water 

40 

1028 

Mercury 

3 

* 3595 „ 
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He infer* that thefe fluids arc not only comprelfible, 
but elaftic ; and that the comprefllons of them, by the 
fame weight, are not in the inverfe ratio of their den* 
fities, or fpecific gravities, as might be fuppofed. Phil. 
Tranf. vol. lit* 176a. art. 103. and vol. liv. 1764. 
art. 47. . 

The comprcilion of the air, by its own weight, is 
furprifingly great: but the air may be ftill further 
■cotnprefTed by art. See Elafiicity of Air. 

This immenfe comprefiion and dilatation, Newton 
obferves, cannot be accounted for in any. other way, 
but by a repelling force, with which the particles of 
air are endued ; by virtue of which, when' at liberty, 
they mutually fly each other. 

This repelling power, he adds, is ftronger and more 
fen Able in air, than in other bodies; becaufc air is ge¬ 
nerated out of very fixed bodies, but not without great 
difficulty, and by the help of fermentation : now thofe 
particles always recede from each other with the great- 
eft violence, and are comprefled with the greateft dif¬ 
ficulty, which, when contiguous, cohere the moft 
ftrongly. See Air, Attraction, Cohesion, Di¬ 
latation, and Repulsion. 

COMPUTATION, the manner of accounting and 
-efttmating time, weights, meafures, money, See. See 
Calculation, which it is alfo ufed for. 

CONCAVE, an appellation ul'ed in fpeaking of the 
inner furface of hollow bodies, more efpecially of fplie- 
-rical or circular ones. 

• Concave glafles, lenfes, and mirrors, have cither 
one fide or both Tides concave. 

The property of all concave lenfes is, that the rays 
of light, in palling through them, are deflefted, or 
■made to recede from one another ; as in convex lenfes 
they are . inflected towards each other ; and that the 
more as the concavity or convexity has a fmallcr radius. 
Hence parallel rays, as thofe of the fun, by palling 
-through a concave lens, become diverging; diverging 
rays are made to diverge more ; and converging rays 
-are made cither to converge lefs, or to become parallel, 
or go out diverging. And hence it is, that objects 
-viewed thtough concave lenfes, appear diminimed; 
and the more fo, as they arc portions of lefs fpheres. 
Sec Lens. 

Concave mirrors have the contrary effedt to lenfes: 
they reflect the rays which fall on them, fo as to make 
them approach more to, or recede from each other, 
than before, according to the fituation of the object; 
and that the more as the concavity is greater, or as the 
radius of concavity is lefs. Hence it is that concave 
mirrors magnifying objcdls that arc prefented to them ; 
and that in a greater proportion, as they are portions 
of greater Inheres. And hence alfo concave mirrors 
have the eftedt of burning glafles. See Mix a or, and 
Burning Glass. 

CONCAVITY, that'fide of a figure or body which 
is hollow. 

An arch of a curve has its concavity turned all one 
way, when the right lines that join any two of its 
points arc all on the fame fide of tne arch. 

Archimedes, intending to include in his definition 
fnch lines as have rediltnear parts, fays, a line has its 
concavity turned one way, when the right linos that 
join any two of its points, are either aU upon one fide 


of it, or while fome. fall upon the line itjfelf, none fall 
upon the oppoftie fide. Arclu'm. de Spnxr. et Cyl. 
Def. 2, and Maclaurin'a Fluxions, art. 180. 

When two lines that have their concavity turned the 
fame way, have the fame extremes, and the otic in¬ 
cludes the other, or lias its concavity towards it, the 
perimeter of that which includes, is greater than that 
which is included. Archim. ib. ax. 2. 

CONCENTRIC, having the fame centre. It is op. 
pofed to cxcentric, orhaviug different centres. 

The word is chiefly ufed in fpeaking of round bodies 
and figures, fucli as circular, and elliptic ones; but 
it may likewife be ufed for polygons that are drawn 
parallel to eacli other, from the fame centre. 

Nonnius’s method of graduating in liniments confifts 
in deferibing with the fame quadrant 45 concentric 
arches, dividing the outermoft into 90 equal putts, 
the next into 89, and fo on. 

CONCHOID, or CoNCim.FS, the name of a curve 
invented by Nicomcdes. It was much ufed by the an¬ 
cients in the conllruflion of folid problems, as appears 
by what Pappus fays. 

It is thus con Articled : AP and BD bring two lines 
interfering at right angles; from P draw a number 
of other lines PFJDE, &c, on which take always 1 ) 1 *. rr 
1 )F = AB or BC; fo (hall the curve line drawn 
through all the points i, E, E, be the iirft conchoid, 
or that of Nicomcdes; and the curve drawn through 
all the other points l-', F, F, is called the fecond con¬ 
choid ; though in reality, they arc both but parts of 
the fame curve, having the fame pole P, and four in¬ 
finite legs, to which the line Dili) is a common afyinp* 
tote. 



The inventor, Nicotnedes, contrived an inftrument 
for deferibing bis conchoid by a mechanical motion : 
thus, in the rule Al) is a channel or groove cut; fo 
that a finooth nail, firmly fixed in the moveable rule 
CB, in the point F, may Aide freely within it: into the 
rule EG is fixed another nail at K, for the moveable 
rule CB to Hide upon. If therefore the rule BC be fo 
moved, as that the nail F pafles along the canal A I); 
the ftyle, or point in C, will deferibe the firft con¬ 
choid. 

To determine the equation of the curve 1 pnt AB 
s= BC = 1)E = DF = a, PB = BG = EH = e, 
and GE s= BH = y ; then *he equation to the firft con- 

ohoid 
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choid will be x* X b V ; l 1 + x* y* = a • X 4 + x)*, 
or .v 4 + zbx$ + b* .v* -f- a*/* 1 + »a r bx + a*.**; 

and, changing only the fign of x, as being negative 
in the other curve, the equation to the 2d conchoid 

will he x* X 1 -*> + x? y* ~ a* X b — x) z , or 
x* — 2 bx 3 + b z x z + x z y z — crb' — 2 a % bx ■+■ n’.v*. 

Of the whole conchoid, cxprefTcd by tlicfc two equa¬ 
tions, ov rather one equation only, with different figns, 
there are three cafes or fpecies; as firft, 
when EC is lefs than BP, the conchoid will be as in fig. i; 
when BC is equal to BP, the conchoid will be as in fig. 2 ; 
atul when BC is greater than BP, the conchoid will be 
as in lig. 3. 

Norton approves of the life of the conchoid for tri- 
fccting angles, dr finding two mean proportionals, or 
for conilructing other folid problems. Thus, in the 
.1 .inear Conitruflion of equations, towards the end of Ids 
Univerfal Arithmetic, he fays, “ The autients at firil 
endeavoured in vain at the trifedlion of an angle, and 
the finding of two mean proportionals by a right line 
and a circle. Afterwards they began to coniider feve- 
ral other lines, as the conchoid, the ciflbid, and the conic 
feftions, and by fome of thefe to folve thefe problems.” 
Again, “ Either therefore the trochoid is not to be ad¬ 
mitted at all into geometry, or elfe, in the conllruCtion of 
problems, it is to be preferred to all lines of a more diffi¬ 
cult defeription : and tlWe is the fame rea/on for other 
curves; for which rcafon wc approve of the trifefliuns of 
an angle by a conchoid, which Archimedes in his Lem¬ 
mas, and Pappus in his Collections, have preferred to the 
inventions of all others in this cafe ; bccaufe wc ought 
t ither to exclude all lines, befides the circle and right line, 
out of geometry, or admit them according to the limplici- 
ty of their deferiptions, in which cafe the conchoid yields 
to none, except the circle.” Laltly, “ That is arith¬ 
metically more fimple which is determined by the more 
fituple equations, but that is geometrically more fimple 
which is determined by the more fimpledrawing of lines; 
and in geometry, that ought to be reckoned bell which 
is geometrically moft fimple ; wherefore I ought not to 
he blamed, if, with that prince of mathematicians, 
Archimedes, and other antients, I make ufe of the con¬ 
choid for the conftrudtion of folid problems.” 

CONCH ETE Numbers are thofe that are applied to 
exprefs or denote any particular fubjedt; as 3 men, 2 
pounds, &c. Whereas, if nothing be connected with a 
number, it is taken ahftradtedly or univerfally; thus, 
4 lignifics only an aggregate of 4 units, without any 
regard to a particular fubjedt, whether men or pounds, 
or any thing elfe. 

CONCUR RING,'«jr‘CoNC 5 RUENT Figures, in Geo¬ 
metry, are fitch as, being laid upon one another, do ex- 
adtly correfpond to, and cover one another, and confe- 
quently mud be equal among themfelves. Thus, tri¬ 
angles having two fidcs and the contained angle equal, 
each to each, are equal to each other in all refpedts. 

CONDENSATION, is the comprelfing or reducing 
of a body into a lefs bulk or fpace; by which means it 
is rendered more denfc and compndt. 

Wolfius, and fome other writers, reitrain the ufc of 
the word conJenJatian to the adtion of cold : that which 
is done by external application, they call compreffion. 

Condcnfation however, in general, confills in bring- 

Voi. L 


mg the parts ciofer to each Other, and tncrcafing theTr 
contadt, whatever he the means by which it is effected: 
in oppofition to rarefaction, which renders the body- 
lighter and loofer, by fettirig the parts farther afunder, 
and diiuinifliing their contact, and of confequeuce their 
cohefion. 

Air eafily condenfes, either by cold, or by preflure, 
hut much more by the latter; but moft of all by che¬ 
mical proerfs. Water condcnfca alio both by cold and 
by prelfure ; but it fuddeuly expands by congelation : 
indeed almbft ail matter, both folid: and fluids, has 
the fame property of condcnfation by thofe means. 
See CoMi'Kt ssion. So alio vapour is condenfed, or 
converted into water, by distillation, or naturally in the 
clouds. Thu way in which vapour commonly conden- 
fis, is hv the application of fome cold fiibitance. On 
touching it, the vapour parts with its heat which it 
had before alifo'bcd : and on doing fo, it immediately 
lofcs the proper eh.11 ac t unities of vapour, and becomes 
water. But though tin’s be the moft common and ufual 
way in which we obferve vapour to be condenfed, na¬ 
ture certainly proceeds after another manner ; lince wc 
often obferve toe vapours moft plentifully condenfed 
when the weather is really warmer than at other times. 

CONDENSER, a pneumatic engine, or fyringe, by 
which an extraordinary quantity of air may be crowded 
or pulhed into a given fpace ; fo that frequently ten at- 
mofphercs, or ten times as much air as the fpace na¬ 
turally contains, without the engine, may be thrown in 
by means of it, and its egrefs prevented by valves pro¬ 
perly difpofed. 

The condenfer is made cither of metal, or glafs, ami 
cither in a cylindrical or globular form, into which the 
air is thrown with an injecting fyringe. 

The receiver, or veffel containing the condenfed air, 
ftiould be made very ftrong, to bear the force of the 
air’s elafticity thus increaicd ; for which rcafon it is 
commonly made of brafs. When glafs is ufed, it will 
not l4Rir fo great a condcnfation of air; but then the 
experiment will be more entertaining, as the effect may 
be viewed of the condenfed air upon any fubjedt put 
within it. 

CONDUCTOR, in Electricity, a term firft intro¬ 
duced in this feience by Dr. Dcfaguliers, and ufed tp 
denote thofe fubftauccs which are capable of receiving 
and tranfmitting electricity; in oppofition to defines, 
in which the matter or virtue of defin'd ty may be ex¬ 
cited and accumulated, or retained. The former are 
alfo called non-tlciirics , and the latter mn-cotu.'uclors. 
And all bodies are ranked under one or other of thefe 
two clafl'es, though none of them are perfect eleRries, nor 
perfect conilutturs, fo as wholly to retain, or freely and 
without refilianco to tranirnit the eleftric fluid. 

To the clafs of coududlors, belong all metals and 
femi-mctals, on s, and all fluids (except air and oils), to¬ 
gether with the fuhilances containing them, the efflu¬ 
via of flaming bodies, ice (unlefs very haul frozen), and 
fnow, moft falinc and ftony fubftauccs, charcoals, of 
which the belt are thofe tiiat have been expofed to the 
greateft heat, fmokc, and the vapour of hot water. 

It forma probable that the eleftric fluid paites through 
the fiibitance, and not merely over the furfaces of me¬ 
tallic conductors; becaufc, if a wire of any. kiud of 
metal be covered with ionic eleftric l’ubftance, as refill 
T t foaling- 
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feaKog-wax, &c, and ajar be difcharged through it, the 
charge will be' conducted as well as without the elec¬ 
tric coating. 

It has afia been alleged, that electricity will pervade 
a vacuum, and be tranunitted through it almoit as free¬ 
ly as through the fubitance of the bell conductor: 
but Mr. Walfh found, that the cleCtric fpark or fhock 
would no more pafs through a perfect vacuum, than 
through a Rick of folid glafs. In other inftances how¬ 
ever, when the vacuum has been made with all polfible 
sare, the experiment has not fucceeded. 

It may alio be obierved, that many of the foremen- 
tioned fubRanccs are capable of being electrified, and 
tiiat their conducting power may be defiroyed and re¬ 
covered by different proceffes: for example, green wood 
is a conductor; but baked, it becomes a non-conduc¬ 
tor ; again its conducting power is reitored by charring 
it; and laltly it is defiroyed by reducing this to alhes. 

Again, many electric fubRanccs, as glafs, refin, air, 
&c, become conductors by being made very hot: how¬ 
ever, air heated by glafs nnifi be excepted. 

See, on this fubjen, Pricftley’s Hilt, of EleCtricity, 
vol. i; Franklin’s Letters See, pa. 96 and 262 edit. 
1769; Cavallo’s Complete Treat, of EleCtr. chap. 2 ; 
Henley’s Exper. and Obfer. in EleCtr. alfo Philof. 
Tranf. vol. 67 pa. 122 ; and elfewhere in the different 
volumes of the TranfaCtions. 

Prime Conductor, is an infulated conductor, fo con¬ 
nected with the electrical machine, as to receive the 
eleCtricity immediately from the excited elcCtric. 

Mr. Grey lirft employed metallic conductors in this 
way, in 17345 and thefe were feveral pieces of metal 
fufpended on filken firings, which he charged with 
eleCtricity. Mr. Du Fay taficned to the end of an iron 
bar, which he ufed as his prime conductor, a bundle 
of linen threads, to which he applied the excited tube: 
fcut thefe were afterwards changed for fmall wires fuf¬ 
pended from a common gun-barrel, or other metallic 
rod. 

In the prefent advanced Rate of the fcience, this part 
of the eleCtrical apparatus has been confiderably im¬ 
proved. The prime conductor is made of hollow brafs, 
and Ufually of a cylindrical form. Care fhould be 
.taken, that it be perfectly fmooth and round, with¬ 
out points and (harp edges. The ends of the conduc¬ 
tor are fpherical j and it is neceflary, that the part moil 
remote from the cleCtric fhould be made round and much 
larger than the reft, the better to prevent the cleCtric 
matter from efcaping, which it always endeavours molt 
to do at the greatefi difiance from the ele&ric: and 
the other end fhould be furnifhed with feveral pointed 
wires or needles, either fufpended from, or fixed to an " 
open metallic ring, and pointing to the globe or cylin¬ 
der, or plate, to colled the fire. It is heft fupported 
by pillars of folid glafs, covered with fealing-wax or 
good varnifh. Prime conductors of a large fixe are 
ufually made of pafte-board, covered with tin-foil or 
gilt paper ; thefe being ufcful for throwing off a longer 
and denfer fpark than thofe of a fmaller fizc: they 
fhould terminate in a fmaller knob or obtufc edge, at 
which the fparks fhould be folicited. Mr. Nairne pre¬ 
pared a conductor 6 feet in length, and t foot m dia¬ 
meter, from which he drew eleCtrical fparks at the dif- 
Uocc of 16,17, or 18 inches j and Dr. Van Marum 


(tin far exceeded this, with a conductor of 8 inches di*. 
meter, and upwards of 30 feet long, formed of different 
pieces, and applied to the large electrical machine in 
Teyler’s Mulcum at Harlem, the moll powerful ma¬ 
chine of the kind ever yet conif ruCted. hut the fize of 
the conductor is always limited by that of the cleCtric, 
there being a maximum which the fize of the former 
fhould not exceed; for it may be fo large, that the dif- 
fipation of the eleCtricity from its iurface may be 
greater than that which the eledtric is capable of Ap¬ 
plying. 

Dr. Priclllcy recommends a prime conductor of po¬ 
liced copper, in the form of a pear, fupported by a pil¬ 
lar and a firm halts of baked wood : this receives its fire 
by a long arched w ire of foft brafs, which may be eafily 
bent, and mi fed or lowered to the globe : it is terminat¬ 
ed by an open ring, in which fome fhaip-pointed wire* 
are hung. In the body of this conductor are holes for 
the infevtion of metalline rods. This, he fays, culled* 
the fire pcrfeCUy well, and retains it equally everywhere. 
Philof. Tranf. vol. 64, art. 7. Hilt. F.lcft. vol. 2, § 2. 

Mr. Henly has contrived a new kind of prime con¬ 
ductor, which, from its ufe, is called the luminous con¬ 
ductor. It confifts of a glafs tube 18 inches long, and 
2 inches diameter. The tube is furnifhed at l>oth ends 
with brafs caps and ferules about 2 inches long, cement¬ 
ed and made air-tight, and terminated by brafs balls. 
In one of thefe caps is drilled a fmall hole, which is co¬ 
vered by a ftrong valve, and ferves for exhaufting the 
tube of its air. Within the tube at each end then- is 
a knobbed wire, projecting to the diftanee of 2 inches 
and a half from the brafs caps. To one of the balls is 
annexed a fine-pointed wire for receiving and collecting 
the eleCtricity, and to the other a wire with a knob or 
ball for difeharging it. The conductor, thus prepared, 
is fupported on pillars of fealing-wax or glafs. 13 1fide 
the common purpofes of a prime conductor to an elec¬ 
trical machine, this apparatus ferves to exhibit and af- 
certain the direction ol the eleCtric matter in its paffage 
through it. Ste a figure of this conductor in the 
Philof. Tranf. with a description of experiments, &c. 
with it, vol. 64, pa. 403. 

Conductors of Lightning, are pointed metallic rod# 
fixed to the upper parts of buildings, to fccure them 
from ftrokes of lightning. Thefe were invented and 
propofed by Dr. Franklin for this purpofe, foon after 
the identity of eleCtricity and lightning wasafeertained; 
and they exhibit a very important and ufcful application 
of modern difcovcrics in this fcience. This ingenious 
philofopher, having found that pointed bodies are bet¬ 
ter fitted for receiving and throwing off the cleCtric fire, 
than fuch as are terminated by blunt ends or flat fur- 
faces, and that metals are the readied and bell conduc¬ 
tors, foon difeovered that lightning and eleCtricity re- 
femblcd each other in this and other difiinguifhing pro¬ 
perties : he therefore recommended a pointed metalline 
rod, to be raifed fome feet above the higheft part of a 
building, and to be continued down into the ground, or 
the ncareft water. The lightning, fhould it ever come 
within a certain diftanee of this rod or wire, would be 
attracted by it, and pafs through it preferably to 
any other part of the building, and be conveyed into 
the earth or water, and there ailfipated, without doing 
arty damage to the building. Many faCts have occur- 
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red to evince the utility of this Ample and feemingly 
trifling apparatus. And yet fome cleftricians, of whom 
Mr. Wilfon was the chief, have objefted to the pointed 
termination of tin’s conductor ; preferring rather a blunt 
end: becaufe, they pretend, a point invites the elec¬ 
tricity from the clouds, and at t rafts it at a greater dif- 
tance than a blunt conductor. Philof. Tranf. vol. 54, 
pa. 234; vol. 63, pa. 4g ; and vol. 68, pa. 232. 

This fubjeft has indeed been very accurately examin¬ 
ed and difciifled; and pointed conductors are almoft uni- 
verfally, and for the bell reafons, recommended as the 
mofl proper and eligible. A (harp-pointed conduftor, 
as it attrafts the cleftric fire of a cloud at a greater dif- 
tancc than the other, draws it ofT gradually: and by 
conveying it away gently, and in a continued dream, 
prevents an accumulation and a droke ; wliereas a con¬ 
duftor with a blunt termination receives the whole dif- 
charge of a cloud at once, and is much more likely to 
be exploded, whenever a cloud comes within a (trik- 
ing didance. To this may be added experience ; for 
buildings guarded by either natural or artificial conduc¬ 
tors terminating in a point, have very feldom been 
dmek by lightning ; but others, having flat or blunt 
terminations, have often been druck and damaged by 
it. 

The bed conduftor for this purpofe, is a rod of iron, 
or rather of copper, as being a better conduftor of elec¬ 
tricity, and lefs liable to l ull, about 3 quarters of an inch 
thick, which is either to be fadened to the walls of a 
building by wooden cramps, or fupported by wooden 
pods, at the didance of a foot or two from the wall ; 
though lefs may do: the upper end of it (hould ter¬ 
minate in a pyramidal form, with a (harp point and 
edges ; and, when made of iron, gilt or painted near 
the *op, or life pointed with cupper ; and be elevated 5 
or 6 feet above the highell part of the building, or 
chimneys, to which it may be fadened. The lower end 
flm'ilil be drive n j or 6 feet into the ground, and di- 
rcft.rd awry from the foundations of the building, or 
continued tii! it communicates with the neared water: 
and if this part be made of lead, it will be lefs apt to 
d'-cay. When the conduftor is formed of different 
pieces of metal, care fhoiild be taken that they are 
well joined : and it is farther recommended, that a com¬ 
munication be made from the conduftor by plates of 
lead, 8 or 10 inches broad, with the lead on the ridges 
and gutters, and with the pipes that carry down the rain 
water, which fhould be continued to the bottom of the 
building, and be made to communicate cither with wa¬ 
ter or moifl earth, or with the main pipe which ferves 
the houfe with water. If the building be large, two, 
three, or more conductors (hould be applied to differ¬ 
ent parts of it, in proportion to its extent. Philof. 
Tranf. vol. 64, pa. 403. 

Chains have been ufed as conduftors for preferving 
(hips; but as the cleftric matter does not pafs readily 
through the links of it, copper wires, a little thicker 
than a goofe quill, have been preferred, and arc now 
generally ufed. They (hould reach 2 or 3 feet above 
the higheft mall, and be continued down in any con¬ 
venient direftion, fo as always to touch the fca water. 
Philof. Tranf. voj. 52, j>a. 633. See alfo Franklin’s 
Letters &C 1769, pa. 65, 124/479, 5 a «d Cavallo’s 

Lie ft r. chap. 9. 


For the ConJhruSim and management of EleHricaL 
Kites , and Ctndudors or Machines for drawing eleftricity 
from the clouds, fee Prieftley’a Hift. of Eleftr. voL 2, 
pa. 103 edit. 1775. 

CONE, a kind of round pyramid, or a folid body 
having a circle for itsbafe, and its Tides formed by right 
lines drawn from the circumference of the bate to a 
point at top, being the vertex or apex of the cone. 

Euclid defines a cone to be a; folid figure, whofe 
bafe is a circle, and is produced by the entire revolution- 
of a right-angled triangle about its perpendicular leg, 
called the axis of the cone. If this leg, or axis, be 
greater than the bafe of the triangle, or radius of the 
circular bafe of the cone, then the cone is acute-angled , 
that is, the angle at its vertex is an acute angle ; but if 
the axis be lefs than the radius of the bafe, it is an obtvfe- 
angled cone ; and if they are equal, it is a right-angled 
cone. 

But Euclid’s definition only extends to a right cone, 
that is, to a cone whofe axis is perpendicular or at right- 
angles to its bafe; and not to oblique ones, in which 
the axis is oblique to the bafe, the general definition,or 
defeription of which may be this: ~ 

If a line VA continually pafs ^ /g 
through the point V, turning up- Y / 

on that point as a joint, and the \ / / 

lower part of it be carried round \ \ / 

the circumference ABC of a cir- jV 

cle i then the fpace inclofed be- VTV 

tween that circle and the path of / / \ 

the line, is. a cone. The circle / f \ 

ABC is the bafe of tHe cone ; —/——A 

V is its vertex ; and the line VD, -A ^ - ■ jp jftg 
from the vertex to the centre of the 
bafe, is the axis of the cone. Alfo the other part of the 
revolving line, produced above V, will deferibe another 
cone Yacb, called the oppofite cone, and having the 
fame common axis produced 1>W, and vertex V. 

Properties of the Cone. — 1. The area or (surface of 
every right cone, exclufive of its bafe, is equal to a 
triangle whofe bale is the periphery, and its height the 
flant fide of the cone. Or, the curve fuperficies of a 
right cone, is to the area of its circular bafe, as the 
flant fide is to the radius of the bafe. And therefore, 
the fame curve furfiice of the cone is equal to the feftor 
of a circle whofe radius is the flant fide, and its arch 
equal to the circumference of the bafe of the cone. 

2. Every cone, whether right or oblique, is equal to 
one-third part of a cylinder of equal bafe and altitude; 
and therefore the folid content is found by multiplying 
the bafe by the altitude, and taking J of the produft 5 
and hence alfo nil cones of the fame or equal bafe and 
altitude, arc equal. 

3. Although the folidity of an oblique cone be ob¬ 
tained in the fume manner with that of a right one, it 
is otherwife with regard to the furface, fince this can¬ 
not be reduced to the meafure of a feftor of a circle, be¬ 
caufe all the lines drawn from the vertex to the bafe 
are not equal. See a Memoir on this fubjeft, by M. 
Euler, in the Nouv. Mem. de Peterlburgh vol. 1. Dr. 
Barrow has demonftrated, in his Leftiones Geometric*, 
that the folidity of a cone with an elliptic bafe, form¬ 
ing part of a right cone, is equal to the produft of its 
furface by a third part of one of the perpendiculars 
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drawn from the point in which the axis of the right cone 
interfefts the ellipfc; and that it is alfo equal to | of 
the height of the cone multiplied by the elliptic bafe: 
confequcntly that the perpendicular is to the height of 
the cone, as the elliptic bafe is to the curve furface. 
For the curve furface of all the oblique parts of a cone, 
fee my Menfur. pa. 234 &c. 

4. To find the Curve Surface of "the Frtt/lum of a Cone. 
Multiply half the fum of the circumferences of the two 
ends, by the llant fide, or difiance between thefe cir¬ 
cumferences. 

5. For the Solidify of the Frujlum of a Cone , add into 
one fum the areas of the two ends and the mean pro¬ 
portional between them, multiply that fum by the 
perpendicular height, and of the product will be the 
folidity. See alfo my Menfuration, pa. 189. 

6. The Centre of Gravity of a cone is £ of the 
axisdiilant from the vertex. 

CoN.es of the Higher Kinds, arc thofe whofe bsfes arc 
circles of the higher kinds ; and arc generated, like the 
common cone, by conceiving a line turning on a point 
or vertex on high, and revolving round the circle of the 
higher kind. 

Cone of Rays, in Optics, includes all the fcveral rays 
which fall from any point of a radiant objeft, on the 
furface of a glafs. 

Double Cone, or Spindle, in Mechanics, is a fo- 
lid formed of two equal cones joined at their bales. If 
this be laid on the lower part of two rulers, making an 
angle with each other, and elevated in a certain degree 
above the horizontal plane, the cones will roll up to¬ 
wards the raifed ends, and feem to afeend, though in 
reality its centre of gravity defeends perpendicularly 
Jower. 

CONFIGURATION, the exterior furface or fhape 
that bounds bodies, and gives them their particular 
figure. 

Configuration of the planets, in Allrology, is a 
certain diftance or fittiation of the planets in the zodiac, 
by which it is fuppofed that they alfift or oppofc each 
other. 

CONFUSED Vifion. See Vision. 

CONGELATION, or Freezing, the aft of fix¬ 
ing the fluidity of any liquid, by cold, or the applica¬ 
tion of cold bodies : in which it differs from coagula¬ 
tion, which is produced by other caul'es. See Freez¬ 
ing, Frost, and lei. 

CONGRUITY, in Geometry, is applied to lines 
and figures, which exactly correfpoml when laid over 
one another ; as having the fame terms, or bounds. It 
is a (Turned, as an axiom, that thofe things are equal and 
limilar, between which there is a congruity. Euclid, 
and mod geometricians after him, dcmonflrate great 
part of their elements from the principle of congruity : 
though Leibnitz and Wolfius fubftitutc the notion of 
Similitude inftead of that of congruity. 

CONIC Sections, are the figures made by cutting 
a cone by a plane. 

2. According to the different pofitions of the cutting 
plane, there aril'c five different figures or feftions, viz, a 
triangle, a circle, an r/lipfe, a parabola, and an hyperbola t 
the laft three of which only are peculiarly called conic 
feftions. 


3. If the eutthig plane pafs 
through the vertex of the cone, 
and any part of the bafe, the fcc- 
tion will- evidently be a triangle ; 
as VAB. 



4. If the plane cut the cone 
parallel to the bafe, or make no 
angle with it, the feftion will be 
a circle, as AbD. 


5. The feftion DAB is an eU 
lipfe, when the cone is cut ob¬ 
liquely through both tides, or 
when the plane is inclined to the 
bafe in a lefs angle than the iidc 
of the cone is. 



6 . The feftion is a parabola, 
when the cone is cut by a plane 
parallel to the lidc, or when the 
cutting plane and the lidc of the 
cone make equal angles with the 
bafe. 



7. The feftion is an hyperbola, 
when the cutting plane makes a 
greater angle with the bafe than 
the tide of the couc makes. And 
if the plane be continued to cut 
the oppofitc cone, this latter fic¬ 
tion is called the oppolite hyper¬ 
bola to the formei ; as ii\\e. 

8. Tlie viit:c s of any feftion, 
are the point! where the cutting 
plane meets the oppofite Tides of 
the i'onc, or the lilies of tnc verti¬ 
cal triangular feftion; as A a.id B. 

—Hence, the dlipicaud the oppo¬ 
fite hyperbola-, have each two ver¬ 
tices; but the parabola only one ; 
uidefs we eon filler the other as at an infinite diftnitcc. 

Cj. The axil, or tranfiorfr diameter of a conic feftion,. 
is the line or difiance AB between the vertices.-— 
Hence the axis of a paiubola is infinite in length. 



EUipie. Oppof. Hypcrb. Parabola. 



10. The centre C is the middle of the axis.—Hence 
the centre of a parabola is infinitely difiant from the 
vertex. And of an eliipfc, the axis and centre lie with¬ 
in the curve ; but of an hyperbola, without* 

11. A 
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11. A Diameter is any right line, as AB or DE, 
drawn through the centre, and terminated on each fide 
by the curve: and the extremities of the diftmeter, or 
its interfertions with the curve, are its vertices. —Hence 
all the diameters of a parabola are parallel to the axis, 
and infinite in length; becaufc drawn through the 
centre, a point at an infinite diilance. And hence alfo 
ever)' diameter of the ellipfe and hyperbola have two 
vertices ; but of the parabola, only one; unlcfs we con- 
fider the other as at an infinite difiance. 

12. The conjugate to any diameter, is the line drawn 
through the centre, and parallel to the tangent of the 
curve at the vertex of the diameter. So FG, parallel 
to the tangent at 1 ), is the conjugate to DE ; and HI, 
parallel to tlie tangent at A, is the conjugate to AB. 
—Hence the conjugate HI, of the axis AB, is perpen¬ 
dicular to it ; hut the conjugates of other diameters are 
oblique to them. 

13. An ordinate to any diameter, is a line parallel to 
its conjugate, or to the tangent at its vertex, and ter¬ 
minated by the diameter ami curve. So DK and EL 
are ordinates to the axis AB; and MN and NO ordi¬ 
nal es to the diameter DE.—Hence the ordinates of 
the axis are perpendicular to it ; hut of other diame¬ 
ters, the ordnntes are oblique to them. 

14. An abmfs i, a part of any diameter, contain¬ 
ed between its vertex and an ordinate to it; as AfC 
or Bi\, and DN or EN.—Hence, in the cllipfc and 
liypcrlvla, ever) ordinate has two abfcifl’es; but in the 
p ii .dm' , onlv une ; the other vertex of the diameter 
being 11..1 nti ly ddtant. 

1;. The fa'',m.-trr of any diameter, is a third propor¬ 
tional to that diameter and its conjugate. 

it’. , \ie I'.-:/, is the point in the axis where the or¬ 
dinate is eq i.d to half the parameter: as Kami I., 

wh- .' L)i\ .a L. L is equal to the feinipararaeter.- 

Hence, the cllipfc and hyperbola have each two foci ; 

but the parah'da only one.-The foci, or burning 

points, were lo called, beeaufe all rays arc united or le- 
lleoted into one of them, which proceed from the other 
focus, and are reflected from the curve. 



17. if DAE, 1 'liU be two oppolite hyperbolas, 
having AB for their lirit or tvaniverfe axis, and alt 
for their lecond or conjugate axis; and if Jar, Jog he 
two other oppolite hyperbolas, having the tame axis, 
but in the contraiy order, vi/, ah their lirll axis, and 
AB their fecund ; then thefe two latter curves dae, 
fig, are called the conjugate hyperbolas to the two former 
DAE, FBG ; and each pair of oppolite curves mutu¬ 
ally conjugate to the other. 

18. Anil if tangents be drawn to the four vertices of 
the curves, or extremities of the axis, forming the in- 
feribed redtangle HIKL; the diagonals I 1 CK and 1 CL, 
of this rectangle, are called the afymptotes of the curves. 

19. Scholium. The redangle inferibed between the 


four conjugate hyperbolas, is finular to a reftangle cii* 
cumfcribcd about an cllipfc, by'drawing tangents, in 
like manner, to the four extremities of the two axes ) 
alfo the afymptotes or diagonals in the hyperbola; are 
analogous to tho/e in the ellipfe, cutting this curve in 
fimilar points, and making the pair of equal conjugate 
diameters. Moreover, the whole figure, formed by the 
four hyperbolas, is, as it were, an ellipfe turned infide 
out, cut open at the extremities D, E, F, G, of the 
faid equal conjugate diameters, and thofe four points 
drawn out to an infinite diftance, the curvature being 
turned the contrary way, but the axes, and the reft- 
angle palling through their extremities, remaining fixed, 
or unaltered. 

From the foregoing definitions are cafily derived the 
following general corollaries to the fe&ions. 


Ellipfe. Hyperbola. Parabola-. 



20. Carol, i„ In the ellipfe, the femiconjugate axis, 
CD or CE, is a mean proportional between CO and 
CP, the paits of the diameter OP of a circular fed ion 
of the cone, drawn through the centre C of the ellipfe, 
and parallel to the hale of the cone. For DE is a 
double ordinate in this circle, being perpendicular to 
OP as well as to AB. 

2t. I11 like manner, in the hyperlmln, the length of 
the femiconjugate axis, Cl) or CE, is a mean propor- * 
tional between CO and CP, drawn parallel to the bafe, 
and meeting the tides of the cone in O and P. Or, if 
AO' be drawn parallel to the fide VB, and meet PC 1 pro¬ 
duced in O', making CO' = CO ; and on this diame¬ 
ter O’P a circle be drawn parallel to the bale; then 
the femiconjugate CD or CK will be an ordinate of 
this circle, being perpendicular to OB’ as well as to 
A B. 

Or, in both figumi, the whole conjugate axis-DE is 
a mean proportion.d between QA and BR, parallel to 
the hate of the cotie. See my Conic Sections, pa. 6. 

In the parabola, both the I ran I verfe ami conjugate 
are infinite ; for AB and BE are both infinite. 

2 2. Cucl. Z. In all tiie lections, AG will he equal 
to the parameter of the axis, if Qgl be drawn m ixing 
the angle AQG equal to the angle BAR. In like 
Manner By will be equal to the fame paiaineter, if Eg- 
be drawn to make the angle 1Jlijp — the angle AllQ^ 

2 -$. Corel. 3. Hence the upper hyperbolic faction, 
or ledioi* of the oppolite cone, is equal and fimil.o to 
the lower one. For the two lections have the lame 
tranfverfe or lirll axis AB, and the fame conjugate or 
fecond axis DE, which is the mean proportional be. 
tween AQ__aud RB ; and they have alio equal parame¬ 
ter*. 
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ters AG, Bjf. So that the two opposite feftions make, 
as it were, but the two oppofite ends of one entire fec- 
tion or hyperbola, the tiro being every where mutually 
equal and ftmilar. Like the two halvea of an ellipfe, 
with tlicir ends turned the contrary way. 

24. Coral. 4. A nd hence, although both the tianf- 
Ycrfe and conjugate axis in the parabola be infinite, yet 
the former is infinitely greater than the latter, or has 
an infinite ratio to it. For the tranfverfc has the fame 
ratio to the conjugate, as the conjugate has to the pa¬ 
rameter, that is, as an infinite to a finite quantity, 
which is an infinite ratio. 

The peculiar properties of each particular curve, will 
be beft referred to the particular words Ellipse, Hv 
rraaoLA, Parabola ; and therefore it will only be 
proper here to lay down a few' of the properties that 
are common to all the conic feftions. 

Some other General Properties. 

2?. From the foregoing definitions, ftc, it appears, 
that the conic feftions are in thcmfclves a fyflcm of re¬ 
gular curves, naturally allied to each other ; and that 
one is changed into another perpetually, when it is 
either increafed, or dimini filed, in infinitum. Tims, 
the curvature of a circle being ever fo little increafed or 
diminifhed. pafTes into an ellipfe ; and again, the centie 
of the ellipfe going off infinitely, and the curvature 
bring thereby diminifhed, is changed into a parabola; 
and laftly, the curvature of a parabola being ever fo lit¬ 
tle changed, there arifeth the firft of the hyperbolas; 
the innumerable fpecics of which will all of them arife 
orderly by a gradual diminution of the curvature ; till 
this quite vanifhing, the laft hyperbola ends in a right 
line. From whence it is manifdt, that every regular 
curvature,"like that of a circle, from the circle itfclf to 
a right line, is a conical curvature, and is diflinguifhcd 
with its peculiar name, according to the divers degrees 
of that curvature. 

26. That all diameters in a circle and ellipfe inter- 
feft one another in the centre of the figure within the 
feftion : that in the parabola they arc all parallel among 
thcmfclves, and to the axis; but in the hyperbola, they 
interfeft one another, without the figure, in the com¬ 
mon centre of the oppofite and conjugate feftions. 

27. In the circle, the lotus re ft urn, or parameter, is 
double the diftance from the vertex to the focu9, which 
is alfo the centre. But in cllipfcs, the parameters are 
in all proportions to that diftance, between the double 
and quadruple, according to their different fpccies. 
While, in the parabola, the parameter is juft quadruple 
that diftance. And, laftly in hyperbolas, the parame¬ 
ters arc in all proportions bryond the quadruple, ac¬ 
cording to their various kinds. 

28. The firft general property of the conic feftions, 
with regard to the abfeiffes and ordinates of any diame¬ 
ter, is, that the reftangles of the abfeiffes arc to each 
other, as the fquares of their correfponding ordinates. 
Or, which is the fame thing, that the fqnare of any 
diameter is to the fquare of its conjugate, as the reft- 
angle of two abfeiffes of that diameter, to the fquare of 
the ordinate which divides them. That is, in all the 

the left. AC . CB : reft. AE. EB :: Cl)* : EF* : 

7 



But as, in the parabola the infinites CB and EB are 
in a ratio of equality, for this curve the fame property 
becomes AC : AE :: CD* : EF*, that is, in the para¬ 
bola, the abfeiffes arc as the fquares of their ordinates. 

Or, when one of the ordinates is the femiconjugate 
GH, dividing the diameter equally in the centre, the 
fame general property becomes, 

AG . GB or AG* ; AC . CB :: GH* : CD*, 
or AB* : HI* :: AC . CB : Cl)*. 

29. From hence is derived the equation of the curves 
of the conic feftions; thus, putting the diameter AB 
= ei, its corjugate HI yx. c, abfeifs AC = x, and its 
ordinate CD —y ; then is the other abfeifs CB — rl—x 
in the ellipfe, or d + .r in the hyperbola, or d in the 
parabola; and hence the la ft analogy above, becomes 
d l : c 1 ;: x . d q; x or dx qp x* : j>*, 

or dy-y 1 = r* . dx :p a * is the general equation for all 
the conic feftions; and, in particular, it is 

d l y * = c* . dx — a* in the ellipfe, 

d\y* — r* . dx + a* in the hyperbola, and 

</*y* = c*dx, or dy* = c l x in the parabola : Or the three 

equations may he otherwife exprcli’ed thus: 

f 1 ■ __ 

>•* = — • dx—x* in the ellipfe, 

c * -- 

y 1 — — .</*+ a** in the hyprrhola, and 
c * 

= * or = px in the parabola, where the para- 

<•* 

meter p == — the third proportional to the diameter and 

its conjugate, by the definition of it. 

And from this one general propofition alone, which 
is eafily derived from the feftion in the folid cone itfelf, 
together wiih the definitions only, as laid down above, 
all the other properties of all the feftions may calily be 
derived, without any farther reference to the cone, and 
without mechanical deferiptions of the curves in piano; 
as is done in my Treatife on Conic Seftions, for the 
ufe of the Royal Mil. Acad.; in which alfo all the 
fimilar propofitions in the ellipfe and hyperbola are car¬ 
ried on word for word in them both. 

The more ancient mathematicians, before the time of 
Apollonius Pcrgieus, admitted only the right cone into 
their geometry, and they fuppofed the feftion of it to be 
made by a plane perpendicular to one of its fides ; and 
as the vertical angle of a right cone may be either right, 
acute, or obtufe, the fame method of cutting thefe fc- 
veral cones, viz, by a plane perpendicular to one fide, 
produced all the three conic feftions. The parabola 
was called the feftion of a right-angled cone; the el¬ 
lipfe, the feftion of the acute angled cone; and the hy¬ 
perbola, the feftion of the obtufe-angled cone. But 
Apollonius, who, on account of hie writings on this 

• fubjeft, 
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fubjedt, obtained tbe appellation of Magnut Geometra, 
the Great Geometrician, obferved, that thefe three fee* 
lions might be obtained in every cone, both oblique 
and right, and that they depended on the different in¬ 
clinations of the plane of the fettiun to the cone itfelf. 
Apollon. Con. Halley’s edit. lib. 1, p. 9. 

Inftead of con tide ring thefe curves as fedtions cut 
fiom the folid cone, which is the true genuine way of 
all the ancients, and of the iriofl elegant writers among 
the moderns, Defcan.es, and fonre others of the mo¬ 
derns, have given arbitrary conflnidtions of curves on a 
plane, from which conftrudtioiis they have dcmontlrated 
the properties of thefe, and have afterwards proved that 
fume principal property of them belongs to fuch curves or 
fedlions as are cut from a cone ; and lienee it is inferred 
by them that thofe curves, fo described on a plane, are 
the fame with the conic fedtions. 

The doftiinc of the conic fedior.s is of great ufe in 
phyfical and geometrical altronomy, as well as in the 
phyfico-mathematical fciences. The dodtrine lias been 
much cultivated by both ancient and modern geometri¬ 
cians, who have left many good treatifes on the fubjedt. 
The molt ancient of theJe is that of Apollonius l’cr- 
gseus, containing 8 books, the fir ft 4 of which have 
often been publifhed ; buc Dr. Halley’s edition has all 
the eight. Pappus, in his Collect. Mathcm. lib. 7, 
fays that the firil four of thefe were written by Euclid, 
though perfcAed by Apollonius, who added the other 4 
to them. Among the moderns, the chief writers are My- 
dorgius de Sedtionibus Conicis; Gregory Si. Vincent’s 
Quadrature Circuli & Scdtionum Coni; He la Hire de 
SeZtionihus Conicis j Trcvigar Elem. Scdtiou. Con.; De 
Witt’s Elcmenta Curvarmn; Dr. Wallis’s Conic Sec¬ 
tions ; De l’Hofpital’s Anal. Treat, of Louie Sections} 
Dr. Simfon’s Section. Con.; Milne’s Elcmenta Sec¬ 
tion. Conicarum; Muller’s Conic Sections; Steel’s 
Conic ScAions ; Dr. Hamilton’s elegant treatife ; my 
own treatife, above cited ; and at the writing of this, 
any friend Mr. Abram Robertfon of Oxford is prepar¬ 
ing a curious work on this fubjedt, containing at the 
fame time a treatife on the fcience, and a hittory of the 
writings relating to it. 

CONICS, that part of the higher geometry, or geo¬ 
metry of curves, which confiders the cone, and the fe- 
veral curve lines ariling from the fedtions of it. 

CONJUGATE slxii, or Diameter, in the Conic 
-Srdtions, is the axis, or a diameter parallel to a tangent 
to the curve at the vertex of another axis, or diameter, 
to which that is a conjugate. Indeed the two are mu¬ 
tually conjugates to each other, and each is parallel to 
the tang* lit at the vertex of the other. 

Conjugate Hyperbolas, alfo called Adj.icent Hy¬ 
perbolas, are fuch as have the lame axes, but in the con¬ 
trary order, the firff or principal axis of the one being 
the ad axis of the other, and the ad axis of the former, 
the iff axis of the latter. See art. 17 of Conic Sec¬ 
tions. 

CONJUNCTION, in Aftronomy, is the meeting 
of the liars and planets in the fame point or place in 
the heavens ; and is cither true or apparent. 

True Conjunction is when the line drawn through 
the centres of the two liars paffea alfo through the cen¬ 
tre of the earth. And apparent Conjunction is when 
that line does not pafs through the earth’s centre. 


CONOID, is a figure refcmbllng a cone, except that 
the flant fides from the bale to the vertex are not- 
ftraight lines as in the cone, but curved. It is gene¬ 
rated by the revolution of a conic feci ion about its axis ( 
and it is therefore tin enfold, anfwcring to the three fee- 
tions of the cone, viz, the Elliptical Conoid , or fpheroid, 
the Hyperbolic Conoid, and the Parabolic Conoid. 

If a conoid be cut by a plane in any pofition, the 
fedtion will be of the hgure of fome one of the conic 
fedtions; and. all parallel fedtions, of the fame conoid, 
ate like tfnd fimilar figures. When the fedtion of the 
folid returns into itfelf, it is an eltipfe; which is always 
the cafe in tbe fedtions of the fpheroid, except when it 
is perpendicular to the axis; which pofition is alfo to 
be excepted in the other folids, the fedtion being al¬ 
ways a circle in that pofition. In the parabolic conoid, 
the fedtion is always an rllipfc, except when it is paral¬ 
lel to the axis. And in the hyperbolic conoid, the fcc- 
tion is an cllipfe, when its axis makes with the axis of 
the folid, an angle greater than that made by the faid 
axe of the folid and the afymprotc of the generating 
hypetbola ; the fedtion being an hyperbola in all other 
calcs, but when thofe angles are equal, and then it is & 
parabola. 

But when the fedtion is parallel to the fixed axis, it 
is of the fame kind with, and fimilar to the generating 
plane itfelf; that is, the fedtion parallel to the axis, in 
the fpheroid, is an cllipfe fimilar to the generating el- 
liple ; in the parabolic conoid it is a parabola, fimilar 
to the generating one ; and in the hyperbolic conoid, 
it is an hypetbola fimilar to the generating one. 

The ledtion through the axis, which is the generat¬ 
ing plane, is, in the fpheroid the gu-att.ll of the paral¬ 
lel fedtions, but in the hyperboloid it is the lead, and in 
the paraboloid thofe parallel ledtious are all equal. 

The aualogy of the fidtions of the hyperboloid to 
thofe of the cone, are very remarkable, all the three 
conic fedtions being formed by cutting an hvperkoloid 
in the fame poll tions as the couc is cut. Thus, let an 
hyperbola and its afyinptotc be revolved together about 
the tranfvrric axis, the former licit tilling an hypcibo- 
loid, and the latter a cone circim.lctibmg it: then let 
it be fr.ppoicd that they arc both mil by one plane in 
any pofition ; fo (hall the two ltdliom be like, fimilar, 
and concentric figures : that is, if the plane cut both 
the fides of each, the lections u ill he concentric and 
fimilar ellipfes 5 but if the cutting plane be parallel to 
the afymptote, or to the fide ot the couc, the fedtions 
will be parabolas; and in all other pofitinns, the lec¬ 
tions will be fimilar aud concentric hyperbolas. 

Ami this analogy of the led ions will not feem 
ft range, when it is confidered that 4 cone is a lpecies of 
the hyperboloid ; or a triangle 4 fpecits of the hyper¬ 
bola, the axes being infinitely final], bee my fUenfu- 
ration, prop. 1, part 3, led. 4, pag. 265 edit. 8vo. 

CONON {of Samos), a rtipedahle mathematician 
and pluloiophcr, who flouriii ed about tlit- 130th olym¬ 
piad, being a contemporary and friend of Archimedes, 
to whom Comm communicated las writings, and fent 
him fome problems, which Archimedes received with 
approbation, faying they ought to be pttblilhed while 
Comm was living, lor he oompichtmls them with cafe, 
and can give a pioper dtinonitration ut them. 

At another time he laments the lofs ui Conon, thus 

admiring 
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admir'mg his genius. “ How many theorems m geome¬ 
try, fays he, which at fird feemed iinpoOiblc, would in 
time Jiavc been brought to pcrfc&ion ! Alas ! Conon, 
though he invented many, with which lie enriched 
geometry, had not time to perfect them, but left many 
in the dark, being prevented by death.*’ He had an 
uncommon (kill in mathematics, joined to an extraor¬ 
dinary patience and application. This i> farther con¬ 
firmed by a letter feni to Archimedes by a friend of 
Conon*;;. “ Having heard of Conon’s death, with 
whofc fricndlhip I was honoured, and with whom you 
kept an inrimatc correfpoodcnce ; as lie was thoroughly 
verfed in geometry, I greatly lament the loi's of a lin- 
cere friend, and a perion of furpriling knowledge in 
mathematics. I then determined to fend to you, as 
I had before done to him, a theorem in geometry, 
hitherto obferved by no one.” 

Conon had fotnc difputes with Nicotcles, who wrote 
againd him, and treated him with too much contempt. 
Apollonius confcflcs it ; though he acknowledges that 
Conon was not fortunate in his demonstrations. 

Conon invented a kind of volute, or fpiral, different 
from that of Dynoiltatus; but beeaufe Archimedes ex¬ 
plained the properties of it more cleaily, the name of 
the inventor was forgotten, and it was hence called 
Archimedes’s volute or fpiral. 

As to Conon’s aflrologieal or aflronomical knowledge, 
it may in fome meafure be gathered from the poem of 
Catullus, who dtfevihes it in the beginning of his verlcs 
on the hair of Berenice, the fiftcr and wife of Ptolomy 
Euergetes, upon the occafion of Conon having given 
out that it was changed into a condcllation among 
the ftars, to confolc the queen for the lofs, when it was 
ftolcn out of the temple, where fhe had confecrated it 
to the gods. 

CONSECTARY, or Corollary, a confequence de¬ 
duced from fome foregoing principles. 

CONSEQUENT, is the latter of the two terms of 
a ratio ; or that to which the antecedent is referred 
and compared. Thus, in the ratio a : b, or a to />, 
the latter term b is the confequent, and a is the antece¬ 
dent. 

CONSISTENT Bodies, is a term much ufed by Mr. 
Boyle, for fuch as are ufually calledor fixed bodies ; 
in oppofition to fluid ones. 

CONSOLE, in Architecture, is an ornament cut 
upon the key of an arch, having a projedture or jetting, 
and occafionally ferving to fupport fmall cornices, bulls, 
and bafes. 

CONSONANCE, in Mufic, is commonly ufed in 
the famefenfe with concord, viz, for the union or agree¬ 
ment uf two founds produced at the lame time, the one 
grave, the other acute, which is compounded together 
by fuch a proportion of each, as proves agreeable to 
the car. 

An unifon is the fird confonance, an eighth is the 2d, 
a fifth is the 3d; and then follow the fourth, with the 
third and fixths, major and minor. 

CONSTANT Quantities are fuch as remain inva¬ 
riably the fame, while others increafc or deer cafe. 
Thus, the diameter of a circle is a conttant quantity ; 
for it remains the fame while the abfeiffer, and ordinates, 
or the fines, tangents, &c, are variable. 

Thefe arc fometimes called given, or invariable or per¬ 
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manent quantities j and in algebra il is now ilfual to fe- 
prefent them by the leading letters of the alphabet, 
a, b, c, &c } while the variable ones arc denoted by the 
lull latl ers, as, y, x, See. 

CONSTELLATIONS, certain imaginary figures 
of birds, beads, fifhes, and other things in the heavens, 
within which are arranged certain liars. Thefe afietn- 
biages are alfo fomttimo.; called alKnilms. 

'Hie ancients portioned out the firmament into feve- 
ral parts, or coudellations ; reducing a certain number 
of liars under the reprefentation of certain images, to 
afliil the imagination and memory, to cov.erive or re¬ 
tain their number, order, and d'lpotirion, or even to 
didinguilh the virtues they attribut'd to them. 

The divifion of the hcaven.spinto er .)(* . '1 'ti-ms is verv 
ancient; being known to the moll e irlv an:b 'ic.v'n then 
iaered or profane. I11 the bock of | !• , lie in nos of 
fome of them are mentioned; wit.i.l.; t’ut fubi-we , 

I n >11 illation, Ciltijl thou I'efniit' tbe f't'n' o ■//'/." v t't lie 
’lciadcs, or loojen the b-wds off. >rio.i ? Aml tin feme 
may be obferved of the oldeii among the ln-tllum \»rir- 
ers, Hefiod and Homer. 

The divilion of the ancients look, in onlv the w’nl.h 
firmament, or fo much as came under their notice, as vi 
lible to the naked eve. Tile lird or envlieil of thefe, is 
contained ill the catalogue of Ptolomy, given in the “th 
book of his Almagcd, prepared, as lie allures us, from 
his own obfervations, compared with thole of Hipjiur. 
elms, and the other ancient adronomers. In this entu- 
loguc Ptolomy has formed 48 coudellations. Of thefe, 
12 are about the ecliptic, commonly called the 12 iigns; 
21 to the north of it ; and 15 to the foutli. The iwtth¬ 
em condellations are, the I.ittle Bear, the Great Bear, 
the Dragon, Ccphcus, Bootes, the Northern Crown, 
Hercules, the Harp, the Swan, CafTiopeia, Peileus, 
Auriga, Ophiucus or Serpentary, the Serpent, th- 
Arrow, the Eagle, the Dolphin, the Horfe, Pcgal’us, 
Andromeda, and the Triangle. 

The condellations about the ecliptic are Aries, 'Tau¬ 
rus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio. 
Sagittarius, Capricorn, Aquarius, and Pifccs: or ac¬ 
cording to the Englifh names, the Ram, the Bull, the 
Twins, the Crab, the Lion, the Virgin, the Balance, 
the Scorpion, the Archer, the Goat, the Water heart f, 
and the Fiihes. 

The Southern condellations are, the Whale, Orion, 
the Eridanns, the Hare, the Gnat Dog. the Little 
Dog, the Ship, the Hydra, the Cup, the Raven, the 
Centaur, the Wolf, the Altar, the Southern Crown, 
and the Southern Filh. 

'The other liars not comprehended under thefe cmi- 
dcllations, yet \ifihlc to the naked eye, the ancients 
called i'lformcs , or /parades, fome of winch the modern 
adronomers have finee reduced into new figures, or con¬ 
dellations. Ptolomy has fet down the longitude and 
latitude of all thefe liars to about the year of Chi id 
137, amounting to the number of 1022, viz. 


in the northern condellations - - 360 

in the zodiacal condellations - - 346 

in the fouthern condellations - - 316 

in all of Ptolomy’s catalogue - - 1022 


Among the modern adronomers, Tycho Brahe is the 

tied 
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firft who determined, with exa&nefs, and In confequence 

Ins own obfcrvatlons, the long, and lat. of the fixed 
ftars, out of which he formed 45 conftellations; of thefe, 
4^ were of the old ones deferibed by Ptolomy, to which 
Tycho added the Coma Berenices, and Autinous ; but 
he omits 5 of the old fouthern conftellitions, viz, the 
Centaur, the Wolf, the Altar, the Southern Crown, 
and Southern Fifli ; which he could not obterve, be- 
caufe of the high northern latitude of Uranihourg. 

After Tycho, Bayer gave the* figures of 60 con¬ 
ftellations, very exactly reprefeuted, and with tables an¬ 
nexed, having added, to the 4ft old ones of Ptolomy, 
the following 12 about the feuth pole, viz, the Pea¬ 
cock, the Toucan, the Crane, the Plnrnix, the Dorado, 
the Flying Fi(h, the Hydra, the Chameleon, the Bcc, 
tlie Bird of Paradife, the Triangle, ami the Indian. 
B elides accurately diftiiiguifliiug the relative (ize and 
the fituatiun of every liar, Bayer marks the liars in each 
- conflell.ition with the letters of the Greek and Roman 
alphabets, fetting tile firft letter to the lit It or prin¬ 
cipal liar in each conftellatioii, p to the 2d in order, 
y to the 3d, and fo on ; a very ufeful method of noting 
and dcfci'ibing tiie liars, which has been ufed by all af- 
tronomers lim e, and who have fat ther enlarged this me¬ 
thod, by adding the ordinal numbers 1, 2, 3, Sre, to the 
other ftms di I covered fince Ms lime, when any eonftel- 
lation contains more than can he marked by the two 
alphabets. The number and orde, of the liars,, as men¬ 
tioned by Bayer, are, 

of the lit magnitude - 17 

of the 2d magnitude - - 63 

of the 3d magnitude . I 96 

of the 4th magnitude - - 415 

of the 5th magnitude - - 348 

of the 6th magnitude - 34« 

of the unformed liars - - 326 

in all - 1 706 

After Bayer, a catalogue, with new conftellations, 
■was puhlilhcd hy Schille-,’in 1627, in a work called 
Coehim Stdlatum Chiiftianum, the Cbnllian Starry 
Heaven, in which he fuhllitutes, very improperly, other 
figures of the conftellations, and names, taken from the 
facred feriptures, htllcad of the old ones. 

In the year lf.fiy, Riceioli puhlilhed his Aftronomy 
Reformed, containing a catalogue of the liars in 62 
conftellations, viz, the 60 of Bayer, with the Coma 
Berenices and Antiruis of Tycho. lie diffributes the 
ftars ill all the conftelliitions into four 1 Iriks. In the 
firft of thefe clalfes are contained thole It ms determined 
hy his own obfervations, and thofe of Grimaldi. Tn the 
fecond arc tliofe liars which had been aferrtaim d hy 
Tycho Brahe and Kepler. In the 3d are the liars de¬ 
termined by Hipparchus and Ptolomy. And the 4th 
clafs ronfifts of thole of the fouthern hemifphere dilco- 
vered by Navigators, who have afeertaimd their places 
in a more or kfa accurate manner ; in which he has 
marked the longitudes and latitudes for the year 1 yco, 
the period to which he lias reduced all his obfervations. 
This catalogue was.followed by a number of cehftial 
fehemes ana maps of the heavens, puhlilhcd in 1673 by 
Bardies, who has reprefentrd very cart fully all the con¬ 
ftellations, with the llat3 they contain. After this, Vi- 
* V0*.. I. 


tab’s publifhed a catalogue of the fixed liars in his Tables 
of the Primum Mobile, in which their longitudes and 
latitudes, with the right-afeenfions and declinations are 
fet down for the year 1675. 

Some time after this, Royer publilhed maps of the 
heavens, reduced into 4 tables, with a catalogue of the 
fixed ftars for the year 1700. To the jlars marked by 
Bayer, he adds a number of ftars not before feen, witn 
others taken from the tables of Riceioli, and not men¬ 
tioned hy Bayer: he alfo forms, out of the unformed 
ftars, eleven other conftellations. Five of thefe are to 
the north, and are called the Giraffe, the River Jordan, 
theltiver Tigris, the Sceptre, and the Flower-de-luce} 
with 6 on the fouth part, which are the Dove, the 
Unicorn, the Crol's, the Great Cloud, the Little Cloud, 
and the Rhomboide. To this work Royer has joined 
the catalogue of the fouthern ftars obferved by Dr. 
Halley at the iff and of St. Helena. 

Hevclius has alfo improved upon the labour^ of thofe 
who went before him, and colledted together fevcral 
ftars of the before unformed clafs into iome new con¬ 
ftellations. Thefe are, the Unicorn, the Camcloparda. 
lis, deferibed by liartfchius, the Sextant of Urania, the 
Dogs, the Little .Lion, the Lynx, the Fox and Gool'c, 
the Sobiefki’s Crown, the Lizard, the Little Triangle, 
and the Cerberus ; to which Gregory' has added the 
Ring and the Armilla. Some of thefe new' conftella- 
lions however anfwcr to thofe of Royer, as the Came- 
lopardal to the Giraffe, the Dogs to the River Jordan, 
and the Fox to the River Tigris. The latitudes and 
longitudes are added for the year 1700. 

Finally', Flamftecd has given a catalogue of the fixed 
ftars, not only much more corredt, hut much largiV 
than thofe of all that went before him. H«; has let 
downthe longitude, latitude, right afeenfion, and polar 
diftance of 2934 liars, as they were at the begiuningof 
l6yo, all determined from his own obfervations. He 
diilinguifhes all the ftars into feven clalfes, or orders 
of magnitude, dillinguilliiug thofe of Bayer by his 
letters, and marking their variation in right afcenlionv 
for (hewing their fituation in the fuccecding years. See 
the term Catai.ogu£. 

This catalogue was followed by an Atlas Cocleilis, 
puhlilhcd at London in the year 1729, dtfciibing, in 
icveral fchemes, the figures of the conftellations fee.-, in 
our liemifphciv, with the exact pofitiun of the fixed liars, 
with refpect to the circles ot the lpliere, as retailing 
from the kill catalogue coiredled by r Flamllced. And 
ftill lat it obfervations, made with farther improved te- 
lefiaipes, have greatly enlarged the number and accura¬ 
cy of the ftars ; but the number of the conftellations 
remains the lame as above deferibed, except that an at¬ 
tempt bar. lately berm made bv Dr. Hill to add to tin; 
lift 14 new ones, formed out of more of the cluflers of 
unformed liars. 

Betide the literal marks of the ftars introduced by 
Bayer, it is ufual alfo to diftluguilh them by that pint 
of the conftellatioii in which they are placed ; and many 
of them again have their peculiar names; as Ardhirus, 
between the knees of Bootes; Gemin.i, or Lucida, in 
the Corona Septentrionalis, or Northern Crown ; Palili- 
tiutn, or Aldcbaran, in the Bull’s eye, Pleiades in his 
neck, and Hyades in his forehead ; Caltor and Pollux in 
the heads of Gemini; Capella, with the Hccdi in the 
U u ihouldc r 
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fhoulder of Auriga j Regulus, or Cor Leonis, the 
Lion’s Heart; Spica Virgmis in the hand, and Vindc- 
miatrix in the Ihouldcr of Virgo; Antares. or CorScor- 
pionis, the Scorpion’s Heart; Fomalhaut, in the 
mouth of Pifcis Auftralis, or Southern Filh ; Regel, in 
the foot of Orion ; Sirius, in the mouth of Cam's Ma¬ 
jor, the Great Dog; Procyon, in the hack of Canis 
Minor, the Little Dog; and the Pole Star, the laii in 
the tail of Uri’a Minor, the Little Bear. 

The Greek and Roman poets, from the ancient the¬ 
ology, give wild and romantic fables about the origin 
of the conftellations, probably derived from the hiero¬ 
glyphics of the Egyptians, and tranfinitted, with fomc 
alterations, from them to the Greeks, who probably 
obfeured them greatly with their own fables. See 
Hyginus’s Poeticon Aftron.; Riccioli Ahnagcil. lib. 
6. cap. 3, 4, J } Shelburne’s Notes upon Manilius; 
Baflly’s Antient Aflronomy; and Gehelin’s Monde 
Primitif, vol. 4: from the whole of which it is made 
probable, that the invention of the figns of the zodiac, 
and probably of moft of the other conftellations of the 
fphere, is to be aferibed to fome very ancient nation, 
inhabiting the northern temperate zone, probably what 
is now called Tartary, or the parts to the northward 
of Perfia and China; and from thence tranfinitted 
through China, India, Babylon, Arabia, Egypt, 
Greece, &c. 

It is a very probable conje&ure, that the figures of 
the figns in the zodiac, are deferiptive of the feafons 
of the year, or months, in the fun’s path: thus, the 
firft fign Aries, denotes, that about the time when the 
fun enters that part of the ecliptic, the lambs begin to 
follow the ihcep ; that on the fun’s approach to the ad 
conllellation, Taurus, the Bull, is about the time of the 
cows bringing forth their young. The third fign, now 
Gemini, was originally two-kids, and fignified the time 
of the goats bringing forth their young, which are 
ufua’ly two at a birth, while the former, the fheep and 
cow, commonly produce only one. The 4th fign, Can¬ 
cer, tbe Crab, an animal that goes fide-ways and back¬ 
wards, was placed at the northern fold ice, the point 
where the fun begins to return back again from the 
north to the foutbward. The 5th fign, Leo, the Lion, 
as being a very furious animal, was thought to denote 
the heat and fury of the burning fun, when he has left 
Cancer, and entered the next fign Leo. 'Hie fucceed- 
ing conilcllution, the 6th in order, received the fun at 
the time of ripening corn and approaching harveft; 
which was aptly expreffed by one of the female reapers, 
with an ear of corn in her hand ; viz, Virgo the maid. 
The ancients gave to the mxt fign Scorpio, iwo of the 
12 divifions of the zodiac: Autumn, which affords fruits 
in great abundance, affords the means and caufes of 
difeafes, and the fuccccding time is the molt unhealthy 
of the year ; expreffed by this venomous animal, here 
fpreading out his long claws into the one fign, as 
threatening mifehief, anil in the other brandifliing his 
tail to denote the completion of it. The fall of the 
leaf was the feafon of the ancient hunting ; for which 
reafon the dais which marked the fun’s place at this 
feafon, into the conflellation Sagittary, a huntfman with 
his arrows and his club, the weapons of drilruftion 
for the laige creatures he purfued. The reafon of the 
Wild Goal’s being chofen to mark the fouthem fol- 


ftice, when the fun has attained his extreme limit that 
way, and begins to return and mount again to the 
northward, is obvious enough; the chara&er of that ani¬ 
mal being, that it is inoltly climbing, and afeending 
fume mountain as it browzes. There yet remain two 
of the figns of the zodiac to be coniidvred with regard 
to their origin, viz, Aquarius and Pifces. As to the 
former, it is to be conlidered that the winter it a wet 
and uncomfortable feafon ; this therefore was expreffed 
by Aquarius, the figure of a man pouring out water 
from an urn. The lull of the zodiacal conllellations was 
Pifces, a couple of iifiies, tied together, that had been 
caught: The leffon was, the fevere feafon is over, 
your flocks do not yet yield their ftore; but the feas 
and rivers arc open, and there you may take filh in 
abundance. 

Through a vain and blind zeal, rather than through 
any love for the fciencc, fome perfons have been moved 
to alter cither the figures of the conllellations, or their 
names. Thus, venerable Bede, inilead of the profane 
names and figures of the twelve zodiacal conllellations, 
fubflituted thofe of the 12 apollles ; which example 
was followed by Schiller, who completed the reforma¬ 
tion, and gave feriptnre names to all the conllellations 
in the heavens. Thus, Aries, or the Ram, was changed 
into Peter ; Taurus, or the Bull, into St. Andrew ; An¬ 
dromeda, into the Sepulchre of Chritl; Lyra, into the 
Manger of thrift ; Hercules, into the Magi coming 
from the Eaft ; the Great Dog, into David ; and fo on. 
And Wcigelius, profeflor of Mathematics in the uni 
verfity of Jena, made a new order of conllillations ; 
changing the firmament into a Ceelum Hcraldicum; an<I 
introducing the arms of all the princes in Europe, by 
way of conftellatiomi. Thus I’rl’a major, the Great 
Bear, he trnnslutmcd into the elephant of the kingdom 
of Denmark ; the Swan, into the Rtita with fvvoiifi. of 
the Houle of Saxony ; Opliiuchus, i.sto the Crol's of Co¬ 
logne ; the Triangle, into Compafles, which he calls the 
Svmhol of Aitibeer.i: and the Pleiades into the Abacus 
l’ythagoricu:., which he calls that of merchants ; &c. 

But the more judicious among aflnuioiucrs never ap¬ 
proved of lucli innovations ; as they oi ly tend to in* 
troducc confufion into altronomy. The old conftcl- 
lations are therefore Hill retained; both bccaufc bet¬ 
ter could not he fubllitutcd, and likewife to keep up 
the greater correspondence and uniformity between the 
old aftronomy and the new. See C.v r.uuout. 

CONSTRUCTION, in Geometry, the ait or man¬ 
ner of drawing or de-ferihing a figure, fchenic, the lines 
of a piohlesu, or fucii like. 

Construction of Equations, in Algebra, is the find¬ 
ing the root:, or unknown quantities of an equation, by 
geometrical coullructioii of right lines or curves ; or 
the icducing given equations into geometricaf figures. 
And this is ciicifted by lines or curves according to the 
order or rank of the equation. 

The roots of any equation may be determined, that 
is, the equation may be conllnRtcd, by the interleitions 
of a 11 might line with another line or curve of the fame 
dimenfions as the equation to be conftrucied : for the 
roots of the equation are the ordinates of the curve at 
the points of interfedtion with the right line ; and it is 
well known that a curve may be cut by a right line iu 
as many points as its dimenfions amount to. Thus, 

then. 
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then, a Ample equation will be conftr udied by tbe in- 
terfeftion of one right line with another: a quadratic 
equation, or an affe&ed equation of the 2d rank, by the 
interfedlions of a right line with a circle, or any of the 
conic fedtions, which are all lines of the 2d order; and 
which may be cut, by the l ight line, in two points, 
thereby giving the two roots oi the quadratic equation. 
A cubic equation may be conftrudlcd by the inUrfec- 
lion of the right line with a line* of the 3d order : and 
fo on. 

But. if, in Read of the right line, fome other line of 
a higher order be nfed ; then the 2d line, whofe inter¬ 
red! ione with the former are to determine the roots of 
the equation, may he taken as many dirneniions lower, 
as the h rn.er is. taken higher. And, in general, an 
equation of any height will he eoulindted hj the inter* 
fed!ions of two lines whofe dhrcnAons, multiplied to¬ 
gether, produce the diniecf'on <r‘ the given equation. 
Thus, the ti.lerfci irons of a circle with the conic lec¬ 
tions, or of thefe with each other, will couftrudl the bi¬ 
quadratic equations, or tin fe of the qth power, be- 
caufc 2 X t r: 4; and the interftdlions of the circle 
or conic fifli >ns with a line cf tire 3d order, will con- 
ftruft the cq cat ions of the 5th and 6th power; and fo 
on.—For example, 

Tn cotijiruc: a b'hajdr V.qvatb'n* This is done by re- 
folving the g'\ ;i: Ample cqua'.niM into a p report urn, or 
finding a third or qth propcrt'onal, Ae. Thus, i. If 

the equation l>c ax — lc ; then a : b : : c : x ——, 

a 

thi fourth proportional to a, b, c. 


: [• : x - 1 a thii d 

a 

fir.ee l- — c~ — b + c 

b + c X b — c 
c : x=z . . , 


2 . If o.v “ l-; then a : b : 

proportional to a ar.d h. 

3. If ax ~ l~- — c 7 ; then, 

X b — c, it will be a : b + c : : l — 

a fourth proportional to a, b -f* c and b — c. 

4. 1 f ax — b l + c z ; then conftrudt 

the right-angled t riangle A BC, whofe 

fcttfe is l, and perpendicular is r, fo 

(hall the fquarc of the hypothenufc 

be b'- -f- i l , which call b 7 ; then the 

• • 1- 1 h 7 

equation is ax — b~, and .\- = — a 

third proportional to a and b. 


C 


H 


To cer./truff a Quadratic Equation. 

1. If it be a Ample quadratic, it may he reduced 

to this form x" — at; and hence a : x : : x : l, 
or x = \^ab a mean proportional between a and l. 
Therefore upon a (Iraight line take I>. 

AB ~ a, and BC —- h ; then upon 

the diameter AC dt (bribe a fcnii- 

eircle, and rv„if«. the perpendicular - n h 

BD to meet it in D ; fo (hall BD 

U = x the mean proportional fought between AB and 

BC, or between a and b. 

2. If the quadratic be affidled, let it firft be 
*’ -J- 2 ax — l 1 ; then form the right-angled triangle 
whofe bale AB is a, and perpendicular BC is b ; and 
with the centre A and radius AC deferibe the feroi- 


circle DCE; fo (hall DB and BE be the two roots of 
the given quadratic equation x 1 + 2 ax = b 7 . 

3. If the quadratic be x 7 — lax = l 7 , then the con* 
ftruflion will be tlic very fame as of the preceding one 
x 7 + 2 ax = l*’. 



4. But if the form be 2«.v -— x 7 — l 7 : form a right- 
angled triangle whofe hypothenufe FG is a, and per¬ 
pendicular till is l ; then with the radius FG and 
centre F deferibe a femi-circlc IGK ; fo (hall IH and 
HK be the too roots of the given equation 2 ax — x % 
— b 7 , or x z — 2/.\\- = — l 7 . Bee Macluurin’s Algeltfa, 
part 3, cap. 2, and Simpfou’s Algebra, pa. 267. 

7 a con/httH Cubic and Biquadratic Equations.— 
Thefe are conilrufted by the interfettious of two conic 
fetlions; for the equation will rife to 4 dimsnfions, by 
which arc determined the ordinates from tire 4 point* 
in which thefe conic fedtions may cut one another; 
and the conic fedtions may be alfumed in fuch a man¬ 
ner, as to make this equation coincide with any projrofed 
biquadratic: fo that the ordinates from thefe 4 inter¬ 
ferons will be equal to the roots of the propofed biqua¬ 
dratic. When one of the intcrfections of the conic fee* 
tion falls upon the axis, then one of the ordinates va- 
niilies, anil the equation, by which thefe ordinates are 
determined, will then be of 3 dimeniions only, or a cu¬ 
bic ; to which any propofed cubic equation may be ac¬ 
commodated. So that the three remaining ordinates 
will be the roots of that propofed cubic. The conic 
lections for this purpofe fliottld be fuch as are mod 
caiily dtferibed ; the circle may be one, and the pa¬ 
rabola is ufually a (fumed for the other. 

Vieta, in his Canonica Receniione Effedtionum Gco- 
metricamm, and Glu-taldus, in his Opus Pofthumum de 
Refolutione Ik. Oumpofitione Mathematica, as alfo l)es 
Cartes, in his Geornelria, have (hewn how to con- 
llruct Ample and quadratic Equations. Des Cartes has 
alfo (hewn how to conftrudt cubic and biquadratic equa¬ 
tions, by the interfedtion of a circle and a parabola : 
And thef fame has been dime more generally by Baker 
in bis Claris Geornctriea, or Geometrical Key. But the 
genuine foundation of all thefe condnritioiis was firft 
laid and explained by Siufiir.-. in hi: Mefolabium, part 2. 
This dodtrinc is alfo pretty will handled by I)e la Hire, 
in s (mail treat ife, called J,u Conitrudtion des Equations 
Analytrques, annevid to his Conic Sections. Newton, 
at the end of his Algebra, has gheii the conftruction 
if cubic and biquadratic equations rmclianically ; as alfo 
by the conchoid and chfoid, as well as the conic fec- 
tioris. See alfo Or. lialky’.. Conit ruction of Cubic r.nd 
Biquadratic Equations; C'olfon's, in the Philof. Tranf.; 
the Marquis de I’Hofpital’s Traile Aualytique des Sec¬ 
tions Coniqncs ; Maclau:ill’s Algebra, part 3, c. 3 &c. 

CONTACT, the relative Rate of two things that 
touch each other, but without cutting or enuring; 
or whofe fur faces join to each other without any irr- 
t li ft ice. 

U u 2 The 
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The contact of curve lines or furfaccs, with either 
ftraight or curved ones, is only in points ; and yet thefc 

E oints have different paoportions to one another, as is 
lewn by Mr. Robartcs, in the Philof. Tranf. vol. 27 
pa. 470; or Abr. vol. 4. pa. 1. 

Becaufe few or no furfaces are capably of touching 
in all points, and the cohefion of bodies is in proportion 
to their contaft, thofe bodies will adhere faiieft to¬ 
gether, that are capable of the greateil contact. 


Angle of Contact is the opening 
between a curve line and a tangent 
to it, particularly the circle and 
its tangent} as the angle formed 
at A between BA and AC, at the 
point of couta& A. 



It is demonfhated by Euclid, that the line C A {land¬ 
ing perpendicular to the radius DA, touches the circle 
only in one point: and that no other right line can be 
drawn between the tangent and the circle. 

Hence, the angle of contact is lefs than any rectili¬ 
near angle j and the angle of the femi-circle between 
the radius DA and the arch AB, is greater than any 
rectilinear acute angle. 

This feeming paradox of Euclid has exercifed the 
wits of mathematicians: it was the fubjeft of a long 
controverfy between Peletarius and Clavius; the former 
of whom maintained that the angle of contact is heter¬ 
ogeneous to a rectilinear one; as a line is to a furface ; 
the latter maintained the contrary. 

Dr. Wallis has a formal treatife on the angle of con- 
taft, and of the femi-circkj where, with other great 
mathematicians, he approves of the opinion of Peleta¬ 
rius. 

CONTENT, a term often ufed for the meafurement 
of bodies and furfaccs, whether folid or fuperficial; or 
the capacity of a veffel and the area of a fpace ; being 
the quantity either of matter or fpace included within 
certain bounds or limits. 

CONTIGUITY, the relation of bodies touching 
one another. 

CONTIGUOUS, a relative term, under Rood of 
things difpofed fo near each other, that they join their 
lurfaces, or touch. 

Contiguous Angles , ere fjcli as have one leg or 
iide common to each angle; and are othcrwiTe called 
adjoining angles ; in contradidirction to thofe made by 
continuing their legs through the point of contadt, 
which arc called opptfiic or verticalar.gles. 

CONTINENT, a terra firma, main-land, or a large 
extent of country, not intern.pted by ftas: 10 cul/cd, 
in oppofition to iilarid, peninsula, See. 

The world is ufually divided into two grand conti¬ 
nents, the old and the new: the cld continent enm- 
preli"Tids Europe, Aha, and Africa; the new. North 
and South Ameiica. Since the difceivcry of New Hol¬ 
land and New South Wales, it is a doubt with many 
whether to call that v-ifl country an i flare! or a continent. 

CONTINGENT Line, the fame with tangent line 
in Dialling, being the interfeflion of the planes of the 
dial and equinoctial, and at right angles to the fubftilar 
line. 


CONTINUAL Proportionals, are a feries of 
three or more quantities compared together, fo that the 
ratio is the fame between every two adjacent terms, viz 
between the lit and 2d, the 2d and 3d, the 3d and4th, 
&'«*. As i, 2, 4, 8, |6, &c, where the terms continu¬ 
ally inercafe in a double ratio; or 12, 4, f, where 
the terms dccrcafe in a triple ratio. 

A feries of continual or continued proportionals, is 
otherwife called a progrcjjvm. , 

CONTINUED i'hinntily, or Hotly, is that wliofe 
parts are joined and united together. 

CONTINUED Proportion, is that in which the con- 
fequent of the firlt ratio is the fame with the antece¬ 
dent of the fecond; as in thefc, 3:6:16: 12. See 
Continual Proportion. 

On the contrary, if the confequent of the firil ratio 
be different from the antecedent of the fecond, the pro* 
portion is called difcrcte : as 3 : 6 :: 4 : 8. 

CONTRA-Harmonical Propirtion, that relation 
of three terms, in which the difference of the firlt and 
fecond is to the difference of the 2d and 3d, as the 3d 
is to the firfl. Tluis, for inltance, 3, ?, and 6, are 
numbers contra-harmonically proportional; for 2 • 1 
1:6:3. 

CONTRA-Murf, in Fortification, is a little wall 
built before another partition wall, to itrcngthen it, fo 
that it may receive no damage from the adjacent build- 

CONTRATE-Wh k V: is that wheel in watches 
which is next to the crown, wliofe teeth and hoop lie 
contrary to thofe of the other wheels; from whence 
comes its name. 

CONTRA VALUATION, Line of, in Fortification, 
is a trench, guarded with a parapet; being made by the 
befitgers, between them and the place belieged, to fe- 
cure themfelves on that fide, and flop the {allies of the 
garrifon. It is made without muflcct-fiiot of the town ; 
fometitnes going quite around it, and fometimes not, as 
nccafion may require. The befiegers lie between the 
lines of circumvallation and contravafiation: but it u 
now feldom ufed. 

CONVERGING Curves. Sec Curvf. 

Converging, or Convergent Lines, in Geometry, 
are thofe that continually approximate, or whole dis¬ 
tance becomes continually lefs and Ids the farther tluy 
arc continued, till they meet: in oppofition to dn\rgens 
lines, wliofe diflauce becomes continually greater. 

Lints that converge the one way, diverge the other. 

Converging Pays, in Optic!., are Inch as incline 
towards one another in their paiiage, and in Dioptrics, 
are thofe lays which, in their paiiage out id one nit - 
diurn into another of" a different dcuiity, arc rcfradlcd 
towards one another; fo that, if far enough continued, 
they will meet in a point or focus. 

Converging Serits, a feries of terms or quantities, 
that always dccrcafe the farther they proceed, or which 
tend to a certain magnitude or limit: in oppofition to 
diverging feries, or fuch as become larger and larger 
continually'. See Series. 

CONVERSE. A propofition is faid to lie the com 
verfe of anothe r, when, after drawing a conelufion from 
fomethiiig iirft fuppofed, we return again, and, making 
a fuppofition of what hatl before been concluded, draCv 
from thence as a conelufion what before was made the 

fuppoliiiqn. 
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fuppofition. Thus, when it is fuppofed that the two 
fides of a triangle are equal, and thence demonftrate or 
conclude that the two angles oppolite to thofe fides are 
equal alfo ; then the converfe is to fuppofe that the two 
angles of a triangle are equal, and tlience to prove or 
conclude that the fides oppofite to thofe angles are alio 
equal. 

Converse Dtrellion, in Aftrology, is ufed in oppo- 
fition to dircit direction ; that is, by the latter the pro¬ 
moter is carried to the fignificator, according to the 
order of the figns: whereas by the other it is carried 
from eaft to weft, contrary to the order of the figns. 

CONVERSION, or C'onvfrtendo, is when there 
arc four proportionals, and it is inferred, that the firil 
is to its excefs above the 2d, as the third to its excefs 
above the 4U1: according to Euclid, lib. 5, dcf. 17. 
Thus, if it be - - - 8 : 6 :: 4 : 3, 

then convertcndo, or by converfion, 8:2 :: 4:1. 
Or if there be - - a : b :: c : d, 

then convertemlo, or by converfion, a : a — b :: c:c — d. 

CONVEX, round or curved and protuberant out¬ 
wards, as the outfide of a globular body. 

Convex Lens, Mirror , &c. See Lens, Mirror, 
&c. 

CONVEXITY, the exterior or outward furface of 
a convex or round body. 

COPERNICAN, fomething relating to Copernicus. 
As, the 

Copfrnican Sj>fsert. See Sphere. 

Co per nic an Sv/htn, is that fyftcm of the world, in 
which it is fuppofed that the l'un is at reft in the centre, 
and the earth and planets all moving around him in 
their own orbits. 

Here it is fuppofed, that the heavens and liars arc 
at reft; and the diurnal motion which they appear to 
Lave, from eaft to well, is imputed to the earth’s diurnal 
motion from weft to call. 

This fyftcm was maintained by many of the an- 
tien'ts; particulaily F.cphantus, Seleucus, Ariftar- 
rhas, Philolaus, Ckanthcs Samius, Nicetas, Ileraclidcs 
Ponticus, Plato, and Pythagoras ; from the Lift of 
Whom it was anciently called the Py thagoric, or Pytha¬ 
gorean Syftern. 

This fyftcm was alfo held by Archimedes, in his 
l ook of the number of the Crains of Sand ; but alter 
him it became neglected, and even forgotten, for many 
ages; till about 300 years fince, when Copernicus re¬ 
vived it; from whom it look the new name of the Cu- 
pernican Syftcm. See the next article. 

COPERNICUS (Nicholas), an eminent aftrono- 
mer, was bom at Thorn in Pruffia, January 19, 1473. 
lie was ir.flreeled in the Latin and Greek languages 
at home; and afterward fent to*Cracow, where he 
ftudied philofi-phy, mathematics, and medicine : though 
his genius was naturally turned to mathematics, which 
he chiefly ftudied, and purfued through all its various 
Lr,'inches. 

He fet out for Italy at 23 years of age ; flopping 
at Bologna, that he might converfe with the celebrated 
aflronomer of that place, Dominic Marin, whom he 
affifted for fome tirnciu making his obfervations. From 
hence he parted to Rome, where he was pnfently con- 
fidered as not inferior to the famous Regiomontanus. 
Here he foon acquired fo great a reputation, that he 


was chofen profe/Tor of mathematics, which he taught 
there for a long time with the greateft applaufc ; and 
here alfo he made fome allronomical observations about 
the year 1500. 

Afterward, returning to his own country, he began 
to apply his fund of obfervatious and / mathematical 
knowledge, to correcting the fyllem of aftronomy which 
then prevailed. lie fet about collecting all the books 
that had been written by philofophers and altronomers, 
and to examine all the various hvpothefes they had in¬ 
vented for the folution of the ceJeftial phenomena; to 
try if a more fymmetrical order and eonllitution of the 
parts of the world could not be difeovered, and a more 
juft and exquifite harmony in its motions dlabliibcd, 
than what the allronomcrs of thofe timer, fo eafily ad¬ 
mitted. But of all their hvpothefes, none plealed him 
fo well as the Pythagorean, which made the fun to be 
the centre of the fyftcm, and fuppofed the earth to 
move both round the fun, and alfo round its tnvn axis. 
He thought lie difeerned much beautiful order and pro¬ 
portion in this; am] that all the embarraflment and 
perplexity, from epicycles and excentries, which attend¬ 
ed the Ptolemaic hypothefes, would here be entirely re¬ 
moved. 

Thin fyftcm he began to confider, and to write upon, 
when he was about 35 years of age. He carefully con¬ 
templated the phenomena ; made mathematical calcula¬ 
tions; examined the obfervations of the antients, and 
made new ones- of his own; till, after more than 20 
years chiefly fpent in this manner, he brought his fcheir.e 
to perfection, eltablilhing that fyllem of the world 
which goes by his name, and is now univerfally received 
by all philofophers. 

This fyftcm however was at firft looked upon as a 
moil dangerous herefy, and his work had, long been 
finifhed and perfected, before he could be prevailed upon 
to give it to the world, being ftrongly uiged to it by 
his friends. At length yielding to their intreaties, it 
was printed, and he had but juft received a perfect copy, 
when lie died the 24th of May 1543, at 70 years of 
age; hy which it is probable he was happily relieved 
from the violent fanatical perfecuticns of the church, 
which were but too likely to follow the publication of 
his allronomical opinions; and which indeed v/.is after¬ 
ward the l'ate of Cf allien, for adopting and defending 
then:. 

The above work of Copernicus, firft printed at No- 
rimberg in ft.ivq 1543, and of which tliere have been 
other editions finer, is intitled l)e Revd-tionibus Vrliu'n 
Caid!dm, being a large body of aftronomy, »u 6 books. 

When Rheticus, the difciple of our author, returned 
out of Pruffia, he brought with him a trait of Coper¬ 
nicus, on plane and fphrrfcul trigonometry, which he 
had printed at Norimberg, and which contained a table 
of fines. It was afterward printed at the end of the 
ft ft book of the Revolutions. An edition of our au¬ 
thor’s great work was alfo publiflu'd in 4to at Amfter- 
dam in 1 w:7, under the title of Jf/lroncmui Injlauritta, 
illultrared with notes by Nicolas Miller of Groningen. 

COPERNICUS. the name of an aiironomical itiflru- 
ment, invented by Whifton, to /hew the motion and 
phenomena of the planets, both primary and fecondary. 
It is founded■ upon the Copermcan fyftcm, aud there¬ 
fore called by fils name. 
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COR Caroli,C harles's Heart, an extra-eonftellatcd 
(lar of the 2d magnitude in the northern hcmifphcre, 
between the Coma Berenices and Urfa Major; fo 
called by Sir Charles Scarborough, in honour of king 
Charles I. 

Cor Hydra:, the Hydra’s Heart, a liar of the 2d 
magnitude, in the Heart of the conilcllation Hydra. 

Cor Lkonjs, Lion’s Heart, or Regains, a Aar of 
•the firft magnitude in the conilcllation Leo. 

Cor Scorpii. See Antarks. 

CORBEILS, in Fortification, are little bafleets about 
a foot and a half high, 8 inches broad at the bo*tom, 
and 12 at the top; which being filled with earth, are 
fet againft one another on the parapet, or elfewherc, 
leaving certain port-holes, from whence to fire under 
cover upon the enemy. 

CORBEL, in Architecture, the rrprefcnt.Jtion of 
a balkct, fometimes feen on the heads of caryatides. 

Corbel, or Corbil, is alfo ufed, in Building, for 
a fliort piece of timber placed in a wall, with its end 
projecting out 6 or 8 inches, as occalion i’erves, in the 
manner of a (hmildcring-piocc. 

CORBET, the fame as Corufi.. 

CORDON, in Fortification, a row of floncs jutting 
out between the rampart and *lie halls of the paiapet, 
like the tore cf a column. The cordon ranges reuuJ 
the whole fbrtrefs, and ferves to join the rampart, wh<oh 
is aflope, and the parapet, which is perpendicular, more 
agreeably together. 

Ir. fortifications railed of earth, this fpacc is filled up 
with pointed Hakes, infteaelof a wu-don. 

CORDS, in Millie, are the founds produced by a:i 
inllrument or the voice. 

CORIDOR, or Corridor, in Fortification, i, the 
covert-way'lying round about the whole con pats -f tic 
works of a place, between the outfule of tin moat as.J 
the pallifadoes, being about 20 yards broad. 

Coridor is alfo ufed, in Arch it eft ure, for a gallery, 
or long ailo, around a building, leading to fevenil cham¬ 
bers at a didauce from each other, fometimes wholly 
im lofi d, and fometimc', open on one fide. 

CORINTHIAN Order, of Architecture, is the 4th 
in order, or the 5th and lail according to Scatnozz: and 
I.e Clcrc. 

This order was Invented by an Athenian ArchiteO, 
and is the ricbcft and mod delicate of them all; its ca¬ 
pital being adorned with rows of i-aves. and of 8 volu- 
tar, which flip port the abacus. The height of its <v- 
lurrn is to diameters, and its cornice is fupported by 
moditlions. 

CORNEA Tunica , the fecor.d coat of the eye ; fo 
called from its fub fiance refembltag the h -rn < t a lan¬ 
tern. This is fituated in tl e f: r> -p oi ; and h ! .. 

■rd by the fclerotba. It has a greater co iv. 7 than 
the reft of the eye, and is a portion < 1 a loi iii 
cr rather fj herofd, and eonfoud; t,-;. t-.e whn>.- eye. 

CORNICE, Cornu hf, or Ccssit: e thud and 
uppermoft part of the nit-.filature a coinum, o: the 
up perm oft ornament of any wainfeot: log, fee. 

COROLLARY, or Comsjctarv; a coafequence 
drawn from feme proportion or principles aheady ad¬ 
vanced or dt-monllratcd, and without the aid •.!' any 
other pronofitii.ii: as if from this tlieoum, 7 it.: a 
triangle which hat two equal Juli lei; cl.'c live 'qua! 


angles, tlsia eor.fequence fhould be drawn, that a triangh 
which hath the three Jidts equal, hai alfo its three angles 
equal 

CORONA, Crown or Crowning, in Architeflure, the 
flat and moft advanced part of tne cornice ; fo called, 
beeaufe it crowns the cornice and entablature t by the 
workmen it is called the drip, as fervieg by its projec- 
ture to fcrcen the reft of the building from the rain. 

CORONA, in Optics, a luminous circle, ufually co¬ 
loured, round the fun, moon, or largeft p Janets. See 
Halo. 

Corona Borealis, or S.ftentrionelis, the Northern Crown 
or Car!at:,I, a conftellation of the northern hcmifphcre, 
being one of the 48 old ones. It contain* 8 ftars ac¬ 
cording lo the catalogue of Ptolemy, Tycho, and Re- 
v-Ji .is; but according to the Britannic Catalogue, 21. 

Corona Aujlralts, or Meridional}* , the Southern 
Crrwv., a conftellation of the fouthern hemifphere, 
whole ftars in Ptolemy's catalogue are 13 ; i.i the 
Brithh Cetiloguc, : 

CORPUSCLE the diminutive of corpus, ufed to 
expiefi, the rnirnte parte, or particles, that confattite 
natural bodies ; meaning much the fame xs atoms. 

Newton In civs a method of determining the files of 
t! e carnufcles of bodies, fixim their colours. 

CORPUSCULAR PkVnfopby, that ichsrac or fyf- 
tein of phylies, in which the phenomena of bodies are 
B'.-eoerter! for, ftom ti e :v..»t ion, reft, petition, $ c, cl 
the corpuleles or atoms of which bodies confift. 

The Corpufeu! ir philofophy, which i:u»v flourifl.e* 
under the name of the mechanical philofophj, is very 
ancient. Leucippus and Democritus taught it in 
Greece ; from them Epiturus received it, and improve d 
it; and fiera him it was called the Fpir. rccn Pvlr/lpbx. 

Leucppus, it is find, received it from one Mocha;, 
a Plifnieian plu’lsologift, hcferc the time of the Trojan 
t\ ir, and the firft who p'uiofephized about atoms : 
which Moduli; is, according to the opinion of fume, the 
Moles oi the Sciiptures. 

AfUr Epicurus, the corpufcular pbilofophv gave 
way to the peripatetic, which became the popular fyf- 
lem. Thus, inllcad of atoms, v ere introduced fpeci- 
fic and fiibllantial forms, qualities, /empathies, &c, 
which amufed the world, till Gaffchdus, Charleton, 
Dcfcail.es, Boyle, Newton, and others, retrieved the 
corpuleidurian hypothefes ; which is now become the 
baiis of the mechanical and rjeperhn'*ntal philofophy. 

Boyle reduces the principles of the corjiufcular phi- 
Iofopiiv to the 4 following 1 heads. 

s. That there ii. but one rniveifal kind of matter, 
v/lii.h is an extended, impenetrable, and ciiwltbh fub- 
ilanec, common to £ll bodies, and culpable ofallferms. 

•—Ga this head, Newton finely remarks thus: “ All 
things ccr.fielered, it appears probable to me, that God 
in the beginning created matter in foil’d, bind, in pene¬ 
trable, moveable particles; of fuch lives and figures, 
md with iudi other propertvs, as moil eoiidrccd to 
the end for which he formed them : and that thefe pri¬ 
mitive particles, being folids, are incomparably harder 
than any cf the fcnfihlc porous bodies compounded of 
them ; even fo hard as never to wear, or break in 
pieces: no other power being able to divide what 
God made one in the firft creation. While thefe eor- 
pufclis remain entire, they ir.ay compofe bodies of one 
3 and • 
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and the fame nature and texture In all ages: but fhould 
they wear away, or break in pieces, the nature of 
things depending on them would he changed: water 
and earth, compofcd of old worn particles, of frag¬ 
ments of particles, would not be of the fame nature 
and texture now, with water and earth compofcd of 
entire particles at the beginning. And therefore, that 
nature may be lulling, the changes of corporeal things 
are to be placed only in the various feparations, and 
new aflociations, of theft- permanent corpufcles.” 

2. That this matter, in order to form the vail va¬ 
riety of natural bodies, mull have motion in fome, 
or all its afiignable parts ; and that this motion was 
given to matter by God, the creator of all things ; 
and has all manner of directions and tendencies.— 
“ Thcfe corpufcles, fays Newton, have not only a vis 
inertias, accompanied with fucli paffivc laws of motion 
as naturally refult from that force; but alfo are moved 
by certain a&ive principles ; fuch as that of gravity, and 
that which caufes fermentation, and the cohelion of bo¬ 
dies.” 

3. That matter mull alfo be actually divided into 
parts ; and each of thcfe primitive particles, fragments, 
or atoms of matter, mull have its proper magnitude, 
figure, and fttape. 

4. That thcfe differently fixed and lhaped particles, 
have different orders, pofitions, fituations, and pof- 
titres, from whence all the variety of compound bodies 
arifes. 

CORRIDOR. Sec Coridor. 

CORVUS, the Raven, a fouthern conflellation, 
fabled by the Greeks, as taken up to heaven by 
Apollo, to whom it tattled that the beautiful maid 
Coronis, the daughter of Phlegeos, and mother of 
Efculapius by Apollo, played the deity falfe with 
Ifehys, under a tree upon which the animal happened 
to be perched. 

The liars in this conflellation, in Ptolomy’s and 
Tveho’s catalogues are 7 ; but in the Britannic cata¬ 
logue, 9. 

COSECANT, COSINE, COTANGENT, CO¬ 
VERSED SINE, are the 1 ’ecant, fine, tangent, and 
verfed fine of the complement of an arch or angle ; Co 
being, in this cafe, a contraction of the word comple¬ 
ment, and was firil introduced by Gunter. 

COSMICAL Aspect, among aflrologers, is the 
ufpeft of a planet with refpett to the earth. 

Cosmic a l Ri/ttg, or Setting, is faid of a flar when 
it riles or fets at the fame time when the fun riles. 

But, according to Kepler, to rife or fet cofmicully, 
i? only fimply to rife or fet, that is, to afeend above, 
nr defeend below, the horizon } as much as to fay, to 
rife or fet to t he world. 

COSMOGONY, the fcience of the formation of 
the tmivcrfe ; as diflinguifhed from cofmographv, which 
is the fcience of the parts of the univtrfc, fuppofing 
it formed, and in the Hate as we behold it; and from 
eofmology, which reafons on the actual and permanent 
fiate of the world as it now is; whereas cofrnoguny 
rcafons on the variable Hate of the world at the time 
of its formation. 

COSMOGRAPHY, the defeription of the world ; 
or the art that teaches the conftruction, figure, difpo- 
fition, and relation of all the parts of the world, with 


the manner of reprefenting them on a plane. It con- 
fifls chiefly of two parts ; viz, jfjlronomy, which fliewa 
the flru&ure of the heavens, with the difpofition of the 
liars; and Geography, which Ihews thofe of the earth, 

COSMOLOGY, the fcience of the world in ge¬ 
neral. 

COSS, Rule of, meant the fame as Algebra, by 
which name it was for fome time called, when firil in¬ 
troduced into Europe through the Italians, who named 
it Regola tie Cofa, the Rule of the thing ; the unknown 
quantity, or that which was required in any qitcilion, 
being called cofa, the thing ; from whence we have 
Cofs, and Coflic numbers, &c. 

COTES (Roger), a very eminent mathematician, 
philofophcr, and aftronomer, was horn July to, 1682, 
at Burbach in Lcicellcrfhire, where llis lather Robert 
was rector. He was lirfl placed at Leiccfter fchool; 
where, at 12 years of age, he difeovered a ltrong in¬ 
clination to the mathematics. This being obferved 
by his uncle, the Rev. Mr. John Smith, he gave him 
all the encouragement lie could ; and prevailed on his 
father to fend him for fume time to his houfe iu Lin- 
rolnfhire, that lie might affilt him in thole ftudies : and 
here he laid the foundation of that deep and ex ten five 
knowledge in that fcience, for which he was afterward 
fo deferred!y famous. He was hence removed to St- 
Paul’s fchool, London, where he made a great pro- 
grefs in clafiical learning; and yet he found fo much 
Icifurc as to fupport a conflant correfpondcnce with his 
uncle, not only in mathematics, but alfo in meta- 
phyfics, philosophy, and divinity. His next remove 
was to Trinity College Cambridge, where he took his 
degrees, and became fellow. 

Jan. 1706, lie was appointed profeflor of ailronamy 
and experimental philoiophy, upon the foundation of 
Dr Thomas Plume, archdeacon of Rochclter; being 
the fail that enjoyed that office, to which he was 
unauimoufly chofcn, on account of his high reputa¬ 
tion and merits. I le entered into orders in 1713 ; and 
tiie fame year, at the defire of Dr. Bentley, he pub- 
liihed at Cambridge the feeond edition of Newton’s 
Mathcmaticii Priucipia; inferring all the improve¬ 
ments which the author had made to that time. To 
this edition he prefixed a moll admirable preface, in 
which he pointed out the true method of pliilofo- 
philing, flicwing the foundation on which the New¬ 
tonian philoiophy was railed, and refuting the objec¬ 
tions of the Cart efians and'all other philosophers agaiult 
it. 

The publication of this edition of Newton’s Prin¬ 
cipia added greatly to his reputation ; nor was the 
high opinion the public now conceived of him in the 
lealt ditninifhed, but rather much increafed, bv fevc- 
ral productions of his own, which afterward appeared, 
lie gave in tin l’hiiof. TranfavStions, two papers, viz, 

I, Logometria, in vol. 29; and a Defeription of the 
gn at fiery meteor that was feen March 6 , 1716, in 
vol. 31. 

This extraordinary genius in the mathematics died, 
to the great regret of the university, and all the lovers 
of the fciences, June 5, 1716, in the very prime of 
his life, being not quite 34 years of age. 

Mr. Cotes left L hind him fome very ingenious, and . 
indeed admirable tracts, part of which, with the Lo- 

gomeuia- 
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gometria above mentioned, were publilhed, in 1722, 
by Dx. Robert -Smith, his coufln and fucccffor in bis 
profcfTorfhip, afterward mailer of Trinity College, un¬ 
der the title of Harmonia Menftirarum,- which contains 
, a number of very ingenious and learned works: fee 
the Introduction to my Logarithms. He wrote alfo 
a Compendium of Arithmetic ; of the Refolution of liqua¬ 
tions } of Dioptrics s and of the Nature of Curves, lle- 
iide thefe pieces, he drew up, in the time of his lec¬ 
tures, a courfe of Hydrqflatieal and Pncumatical I.efUtrcs , 
in Englifh, which were publiihed alfo by Dr. Smith in 
8vo, 1737, and are held in great eftimation. 

So high an opinion had Sir Ifaac Newton of onr 
author’s genius, that he ufed to fay, ** If Cotes had 
'lived, we had known fomething.” 

COTESIAN theorem , in Geometry, an appellation 
ufed for an elegant property of the ch-cle difeovered by 
Mr. Cotes. The theorem-is this : 

If the faCtors of the binomial a c 4 - \ c he requited, 

CO 

the index c being an integer number. With the cen¬ 
tre Q, and radius AO = a, deferibe a circle, and di¬ 



vide its circumferanec into as many equal parts ns there 
are units in 2r, at the points A, 11 , C, D, &c ; then 
in the radius, produced if ncccflary, take OP — .v, 
and from the point P, to all the points of divilion in 
the circumference, draw the lines PA, Pll, PC, fee ; 
fo flail thefe lines taken alternately be the fail era 
fought 5 viz, 

>B x PD x PF t<c s= + * c , 

and PA X PC X PK &c =■ o' ce « c , viz, * c — x r or 

x c —a c , according as the point P is within or without 
the circle. 

For inflance, if c — 5, divide the circumference into 
to equal paits, and tin point P being within the circle, 
then well OA> + OP* = BP X DP X FP X HPX KP, 
and OA s — OP* = AP x Cl’ y KP x GP X IP. 

In like manner, if c = 6 , having divided the cir¬ 
cumference into 12 equal parts, then will 

C)A‘-|-OP # = llP x DP x FP x HP x KPx MP, 

OA ft —OP ft ~AP x CP x EP x GP x IP x KP. 

The demonftration of this theorem may he feen ir. 
Dr. Pemberton’s Epifl. de Cotefii inventis. flee alfo 
I)r. Smith’s Thcoremata Logometriea and Tiigouo- 
mctrica, added to Cotes’s Harm. Mtnf. pa. ’ 14 ; De 
Moivre Mifcel. Anulyt. pa. 17 ; and Waring’s Letter 
to Dr. P.ovvell, pa. 39. 

By means of this theorem, the acute and elegant 
author was enabled to make a farther progrefs in the 
inverfc method of Fluxions, than had hern done be¬ 
fore. But iu the application of his ililcovery there 


ftill remained a limitation, which was removed by Mr. 
De Moivre. Vide ut fupnu 

COVERT-Way, in fortification, a fpaccof ground 
level with the adjoining country, on the outer edge of 
the Hitch, ranging quite round all the works.- This 
is otherwife called the corridor, and has a parapet 
with its banquette and glacis, which form the height 
of the parapet. It is foinetimes alfo called the counter- 
fcarp, becaufe it is on the edge of the fcarp. 

One of the greateft difficulties in a liege, is to make 
a lodgment on the covcit-way; becaufe it is ufual 
for the befieged to palifade it along the middle, and 
undermine it on all fides. 

COVING, in Building, si when houfes arc built 
projecting over the ground plot, and the turned pro¬ 
ject me formed into an arch. 

Coving Cornice, is one that has a large cafemate or 
holknv in it. 

COUNT-Wheel, is a wheel in the linking part of 
a clock, moving round once in 12 or 24 hours. It is 
loinetiiues culled the locLing-w/heel, becaufe it has ufually 
11 notches in it at unequal diilauecs from one another, 
to make the clock llrikc. 

COUNTER-Approaches, in Fortification, lines 
or trenches made by the befieged, wheic they come out 
to attack the lines of the befiegers in form. 

Counter-Battery, a battery railed to play on 
another, to dilinount the guns, &c. 

Count f.r-Brf.ast-Wurk, the fame as Faujfe-Brayc. 

Coun iir-Forts, JSuttreJfis , or Spurt, are pillars of 
mafonry ferving to prop or fuilaiu walls, or terraces, 
fukjcfl to bulge, or be thrown down. 

Counter-Fugue, in Mafic, is when fugues pro¬ 
ceed contrary to one another 

Counti r-Gcard, in Fortification, a work com¬ 
monly ferving to cover a hJlion. It is cornpofed of 
two facer, forming a falicut angle before the Hanked 
angle of a bail ion. 

Counter-IIarmonical. See Coktra-Harmo* 

NtCAI.. 

Counter-Mint-, a fubterraneous paflage, made by 
the befieged, in fearch of" the enemy’s mine, to give 
air to it, to take away the powder; or by any other 
means to frufirate the effedi of it. 

Counter-Part, a term in Mufic, only denoting 
that one part is oppofite to another, fo, the bafs and 
treble are counterparts to each other. 

Counter-Point, in Mufu\ the art of enmpofing 
harmony; or difpofmg and concerting fever al parts fo 
togitber, as that they may make an agreeable whole. 

Counter-Poise, any thing ferving to weigh againft 
another; particularly apiece of metal, uliially of bra Is 
or iron, making an apjKiidagc to the Ron.an Jlatcra, 
or Hcel-vard. It is contrived to Hide along the beam ; 
and from the divilion at which it keeps the balance mi 
cquilibrio, the weight of the body is determined) It 
is fornetimes called the pear, on account of its figuie ; 
and nsnfs, by reafon of its weight. 

Rope-dancers make ufe of a pole by way of counter- 
poife, to keep 1 heir bodies in equiiibrio. 

COUNTER.SC ARP, is that lide of the ditch that 
is next the country ; or properly the talus that fup- 
ports lire earth of the covcrt-way: though by this 
word is often underiluod the whole covert-way, with 

its 




c R A [ 337 ] C R E 


its parapet and glacis. And lo if mull be understood 
when it is laid, The enemy lodged themfelves on the 
eounterfcarp. 

Counter- swailows-tail, is an outwork in For¬ 
tification, in form of a Angle tenaille, wider' towards 
the. place, or at tlfe gorge, than at the head, or next 
the country. 

Counter-tenor, one of the mean or middle parts 
of mufic : fo called, as being oppofite to the tenor. 

. COURSE, in Navigation, the point of the com- 
pafs, or horizon, which a fhip fteers on ; or the angle 
which the rhumb line on which it fails makes with the 
meridian ; being fometimcs reckoned in degrees, and 
fometimes in points of the compafs. 

When a flop fails either due north or fouth, (he fails 
on a meridian, makes no departure, and her diilance 
and difference of latitude are the lame. 

When (he fails due eaft or well, her courfe makes 
right-angles with the meridian, and file fails either 
upon the equator, or a parallel to it; in which cafe 
ihe makes no difference of latitude, but her diilance 
and departure are the fame. 

But when the Ihip fails between the cardinal points, 
on a courfe making always the fame oblique angle with 
.the meridians, her path is then the loxodromic curve, 
being a fpiral cutting all the meridians in the fame 
angle, and terminating in the pole. 

COURTAIN. See Curtin. 

CRAB, in Mechanics, an engine ufed for mount- 
lug guns on their carriages. Sec Gin. 

Crab, on Ship-board, is a wooden pillar, whofe 
lower end is let down through the (hip’s decks* and 
veils upon a focket like the capilan : in its upper end 
are three or four holes, at different heights, through 
the middle of it, above one another, to receive long 
bars, againll which men aft by pufhing or thralling.—. 
It is employed to wind in the cable, and for other 
pumofes requiring a great mechanical power. 

The Crab with three claws is ufed to launch fiiips, 
aad to heave them into the dock, or off the key. 

t^RANE, a machine ufed in building, and in com¬ 
merce, for railing large Hones and other weights. 

M. Perrault, in his notes on Vitruvius, makc6 the 
crane the fame with the corvus, or raven, of the an¬ 
cients. 

The modern crane confifts of feveral members or 
pieces, the principal of which is a ftrong upright beam, 
or arbor, firmly fixed in the ground, and fuilaincd by 
eight arms, coming from the extremities of four pieces 
of wood laid acrofis, through the middle of which the 
foot of the beam paffes. About the middle of the ar¬ 
bor the arms meet, and are jportifed into it: its top 
ends in an iron pivot, on which is borne a tranfvcrfe 
piece, advancing out to a good diilance like a crane’s 
neck ; whence the name. The middle and extremities 
of this are again fuRained by arms from the middle of 
the arbor; and over it comes a rope, or cable, to one 
end of which the weight fs fixed ; the other is wound 
about the fpindlc of a wheel, which, turned, draws the 
rope, and that heaves up the weight; to be afterwards 
applied to any fide 01* quarter, by the mobility of the 
traufverfc piece on the pivot. 

Several improvements of this ufeful machine are 
mentioned in Defagulierg’s Exper. 1 ’bilof. pa. 178 Sc 
. Vol. L ■ * 


feq. particularly how to .prevent the inconvenience# 
anfing from hidden jerks, as well as to increafc its 
force by ufing a double axis in peritrochio, and two 
handles. 

The Crane is of two kinds $ in the firft kind, called 
the rat-tailed cranes the whole machine, with the load, 
turns upon a ftrong axis: in the Second kind, the gib¬ 
bet alone moves on its axis. See DeSagulkrs, as above, 
for a particular account of the different cranes, and 
of the gradual improvements they have received. See 
alfo the Supplement to Fergufon’s Ledlures, pa. 3, &c, 
or Philof. Tranf. vol. 54, pa. 24, for a defenption of a 
new and fafe crane, with four different powers adapted 
to different weights. 

Crane is the name of a foutbern conftellation. See 
Gaus. 

Crane is alfo a popular name for a fyphon. 

CRANK, a contrivance in machines, in manner of 
an elbow, only of a fquare form ; projecting out from 
an axis, or fpindlc; and ferving, by its rotation, to 
raiie and fall the piftons of engines for railing water, or 
the like. 

CRATER, tbe Cup, a conftellation in the fouthem 
hemifphere; whofe ftars, in Ptolomy’s catalogue, are 
7; in Tycho’s, 8 ; in Hevelius’s, 10; and in tbe 
Britannic catalogue, 31. 

CREEK, a part of a haven, where any thing i» 
landed from the fea. It is alfo faid to be a (hore or 
bank on which the water beats, running in a {mail 
channel from any part of the fea. 

CREPUSCULUM, Twilight; the time from the 
firft dawn or appearance of the morning, to .the riling 
of the fun-; and again, between the fetting of the fun, 
and the lull remains tif day. * 

The Crcpufculum, or twilight, it is fuppofed, ufually 
begins and end# when the fun is about 18 degrees be¬ 
low the horizon; for then the ftars of the 6th mag¬ 
nitude difappear in the morning, and appear in the 
evening. It. is of longer duration in the lulftices than 
in the equinoxes, and longer in an oblique fphere, than 
in a right one ; bccaufe, m thofc cafes the fun, by the 
obliquity of his path, is longer in aicending through 
18 degrees of altitude. 



Twilight is occasioned by the fun’s rays refradted ih 
our atmofphere, and reflected from the particles of it 
to tlie eye. For let A be the place of an obferver on 
the earth ADI., AB the feufible horizon, meeting in 
B the circle CBM bounding that part of the atmo* 
fphere which is capable of rcfvadting and refledting light 
to the eye. It is plain that when the fun is under thy 
X x horizon 
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horizon, no direct rays can come to the eyeat A: 
but the fun being in the rcfiraftcd iiae CG f the parti* 
dc C will be illuminated by the direft Tajrs of the fun { 
and that particle may refleft thofe rays to A, where 
they enter the eye of the fpeftator. And thus the 
fan’s light illuminating an innumerable multitude of 
particles; may be all reflefted to the fpeftator at A— 
From li draw BD touching the circle ADL in D ; 
and let the fun be in the line BD at S : Then 1 the ray 
SB will be reflected into BA, and will enter the eye, 
becaufe the angle of incidence DBE is equal to the 
angle of reflection ABE: And that will be the firft 
ray that reaches the eye in the morning, when the 
dawning begins; or the lall that falls upon the eye 
at night, when the twilight ends: for when the fun 
goes lower down, the particles at B can be no longer 
illuminated. 

Kepler indeed ailigns another caufe of the crepuf- 
ctilum, viz, the luminous matter or atmofphcre about 
the fun ; which, ariling near the horizon, in a circu¬ 
lar figure, exhibits the crepufculum; in no wife, he 
thinks, owing to the refraftion of the atmofphere.-—. 
The fun’s luminous atmosphere indeed, though neither 
the foie nor principal caufe of twilight, may lengthen 
its duration, by illuminating our air, when the fun is 
too low to reach it with his own light. Gregor. Aftr. 
lib. 2, prop. 8. 

The depth of the fun below the horizon, at the beginning 
of the morning , or end of the evening twilight , is deter¬ 
mined in the fame manner as the arch of vifion ; viz, 
by obferving the moment when the air firft begins to 
flu'nc in the morning, or ceafcs to-lhine in the evening; 
then finding the fun’s place for that moment, and 
thence the' tttqc till his riling in the horizon, or from 
bis fetting in it in the evening. It is now.generally 
agreed that this depth is about 18 degrees upon an 
average.—Alhazen found it to be 19°; Tycho, 17 0 ; 
Rotbmann, 24 0 ; Stevenius, 18 0 } Carnni, 15 0 ; Riccioli, 
in the equinox in the morning 16 0 , in the evening 20° 
30'; in the fummer folftice in the morning 21 0 25', in 
the winter folftice in the morning 17 0 25 . 

Nor is this difference among the determinations of 
aftronomers to be wondered at; the caufe of the cre¬ 
pufculum being inconftant: for, if the exhalations in 
the atmofphere be either more copious, or higher, than 
ordinary ; the morning twilight will begin fooncr, and 
the evening hold longer than ordinary : for the more 
copious the exhalations are, the more rays will they 
refleft, confequcntly the more will they fhme; and the 
higher they are, the fooncr will they be illuminated by 
the fun. On tins account too, the evening twilight is 
lbnger than the morning, at the fame time of the year 
in the fame place. To this it may be added, that in 
a denier air, the refraftion is greater; and that not 
only the brightnef* of the atmofphere is variable, but 
alfo its height from the earth; and therefore the twi¬ 
light is longer in hot weather than in cold, in fummer 
turn in winter, and alfo m hot countries than in cold, 
other circumftances being the fame. But the chief 
differences arc owing to the different Situations of- 
places upon the earth, or to the difference of the fun’s 
place in the heavens. Thus, the twilight is longcft in 
a parallel fphere, and fhorteft in a right fphere, and 
longer to places in an oblique fphere in proportion as they 


are nearer to one-of the pclitq* circtlmftaiWe which af¬ 
fords relief to the inhabitants ofthe more northern coun¬ 
tries, in their long winter nights. And the twilights are 
longcft in all places of north latitude, when the tun is in 
the tropic of cancer j and to thofe Jn fouth latitude, 
when he is in the tropic of-capricorn. The time of the 
fhorteft twilight is alfo different in different latitudes ; 
in England, it is about the beginning of Oftober and 
of March, when the fun is in the figns and X- 
For the method of determining it by trigonometry, 
fee Gregor. Aftron. lib. 2,prob. 41. See alfo Robert- 
fon’s Navigation, book 5, prob. 12.—-Hence, when, 
the difference between the fun’s declination and the 
depth oflhc equator is lefs than 18°, fo that the fun- 
does not defeend more than 18° below the horizon ; 
the crepufculum will continue the whole night, as is 
the cafe in England from about the zxd of May to the 
22d of July. 

Given the latitude of the place , and the fun's declina¬ 
tion s to find the beginning of the morning, and end of the 
evening twilight .—In the oblique-asglafli fpherical tri¬ 
angle EPS, are given ZP the colatitude, PS the 
codeclination, and ZS = xo8°, being the fum of 90° 
the quadrant and l8° the depreffion at the extremity 
of the twilight. Then, by fpherical trigonometry, ■ 
calculate the angle ZPS the hour-angle from noon'; 
which changed into time, at the rate of 15 0 to the 
hour, gives the time from noon at the beginning or 
end of twilight. See Robertfon, ubi fupra. 

Of the Height of the fenfible Atmofphere, as de¬ 
termined from the duration of twilight, fee Keii’s 
Aftroh. Left. left. 20, pa. 235, ed. 1721 ; or Long’s 
Aftron. vol. 1, pa. 260; where it is determined that tne 
height where the atmofphere is denfe enough to reflect 
the rays of light, is about 42 miles. 

Crescent, the new moon, which, as it begins to 
recede from the fun, fliews a fmall rim of light, ter¬ 
minating in horns or points, which are Hill increafing, 
till it becomes full, and round in the oppofition. 

The term is fometimes alfo ufed for the fame figure 
of the moon iu her wane, or decreafe, but improperly; 
both becaufe the horns are then turned towards the 
weft, and becaufe the figure is on the decreafe; the 
crefccnt properly fignifying incrcafe, from ertfeo, I 
grow. 

CRONICAL. See Acronicau 

CRONOS, a name given to Saturn by fomc of the 
old aftronomical writers. 

CROSIER, four liars, in form of a crofs; by the 
help of which,- thofe that fail in the fouthern hemi- 
fphere find the antarftic pole. 

CROSS, in Surveying, is an inftrument confifting 
of a brafs circle, divided into 4 equal parts, by two 
lines crofting each other in the centre. At each extre- 

S of thete lines is fixed a perpendicular light, with. 

holes below each flit, for the better ducovering 
of diftant objefts. The crofs is mounted on a ftaff, or 
Hand, to fix it in the ground, and is very ufcful for 
meafuring fmall pieces of land, and taking offsets, &c. 

Ex. Suppofe it be required' to furvey the field 
ABCDE with the-Croft. Meafure along the diagonal 
line AC, and obferve, with the Crofs, when you are 
perpendicularly oppofite to the corners, as at F, G, H,. 
and from thence meafure the peipendiculan FE. GB, 

5 HDu. 
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HD. When yon think you arc nearly oppofiti a con 
ner, fet tip the crofs, with one of the bar* or crofs line* 
in the direction AC; then look through the fight* of 
the other crofs bar for the corner, as B ; if it be feen 
through them, the crofs is fixed in the right place i if 
not, take it up and move it backward or forward in the 
line AC, till the point B be feen through thofe fights; 
and then you have the true place of the perpendicular. 



Invention of the Cross, Inventio Cruets, an ancient 
Feaft, which is ftill retained in our calendar, and folem- 
ni/.ed on the 3d of May, in memory of the finding of 
the true Crofs of Chrift, deep in the ground, on Mount 
Calvary, by St. Helena, the mother of Conftantine; 
where file ere&ed a church for the prefervation of part 
of it: the reft being brought to Rome, and depofited 
in the church of the Holy Crofs of Jerufalem. 

Exaltation of the Cross, an ancient feaft, held on the 
14th of September, in memory of this, that Heraclitus 
reftored to Mount Calvary the true crofs, in 642, which 
had been carried off, years before, by Cofroes king 
of Periia, upon his taking Jerufalem from the emperor 
BMteas. This feaft is ftul retained in our calendar, on 
Sqpt. 14, under the denomination of Holy Rood, or 
Holy Crofs. 

Cross-Multiplication, a method ufed chiefly by 
artificers in multiplying feet and inches by feet and 
inches, or the like; fo called, becaufe the fa&ors are 
multiplied crofs-wife, thus: 

x. 1. 

9 10 

6 8 


65 6 8 


Cross-Staff, or Fore-Staff", i* a mathematical in* 
liniment of box, or pear tree, confiding of a fquare 
ftaff, of about 3 feet long, having each of its faces di* 
vided like a line of tangents, and having 4 crofs pieces 
of unequal lengths to fit on to the ftaff, the halves of 
thefe being as the radii to the tangent lines on the faces 
of the ftaff.—-The inftrument was ufed in taking the al¬ 
titudes of the cdeftial bodies at fea. 



CROUSAZ (John Pair** de), a learned 
.pher and mathematician, was born at Laulaane n 
Switzerland, April 13,1663; where he died in 1748s 
at 85 years of age. Having made great progrefs in ma*> 
thematic* and the philofophyof Des Cartes, he travelled 
into Geneva, Holland, and France. He was fuccefi- 
fively profeffor in feveral univerfities; and at length 
was chofen governor to Prince Frederick of Helle- 
Caflel, nephew to the king of Sweden. 

Croufaz was author of many works, in various 
branches; belles-lettres, logic, philofophy, divinity. 
See, &c; but the moil efteemed of them are, 1. His 
Logic; the beft edition of which is that of 1741, in 6 
vols. 8vo>—-2. ATrcatife on Beauty.—-3. A Treatife on 
Education, 2 vols, i2mo.—A Treatife on the Hit¬ 
man Underftanding.—5. Several Treatifes on Philofo¬ 
phy and Mathematics; as a Treatife on Motion, &c. 
with feveral papers inferted in the Memoirs of the 
French Academy of Sciences. 

CROW, in Mechanics, an iron lever, made with £ 
(harp point at one end, and two claws at the other'; 
being ufed in heaving and purchafing great weights, &c. 

CROWN, in Affronomy, a name given to two con • 
deflations, the fouthern and the northern. 

Crown, in Geometry, a plane ring included be¬ 
tween two parallel or concentric peripheries, of unequal 
circles. 

The area of this is had, by multiplying its breadth 
by the length of a middle periphery, which is an arith¬ 
metical mean between the two peripheries that bound 
it; or by multiplying half the fum of the circumfe¬ 
rences by half the difference of the diameters; or laftly 
by multiplying the fum of the diameters by the differ¬ 
ence of the diameters, and this laft product" by '7854. 
See my Menfuration, pa. 148, 2d ed. 

Crown -Pofi, is a poll in fome buildings Handing 
upright in the middle, between two principal rafters ; 
and from which proceed ftruts or braces to the middle 
of each rafter. It is otherwife called a kmg-fojl , or 
ling's-piece, or joggle-piece. 

Crown -Wheel, of a Watch, is the upper wheel next 
the balance, or that which drives the balance. 

s CROWH-fPori, in Fortification, is an out-work run¬ 
ning into the field ; defigned to keep off the enemy, 
gain fome hill, or advantageous poft, and cover the- 
other works of the place. It confifts of two demi-baf- 
tions at the extremities, and an entire baftion in the 
middle, with curtains. 

Crowned Horn-avorl, is a Horn-work with a crown- 
work before it. 

CRYSTALLINE Humour, is a thick compaft hu¬ 
mour of the eye, in form of a flattifli convex lens, 
placed in the middle of the eye, and ferving'to make* 
that rcfira&ion of the rays of light which is neceffary to 
have them meet in the retina, and form an image there,' 
by which vifion may be performed. 

Crystalline Heanem, in the Old Aftronomy, two 
orbs imagined between the prirnum mobile and the fir¬ 
mament, in the Ptulomaic fyftem, which fuppofed the 
heavens folid, and only fufceptible of a Angle motion. . 

King Alphonfus of Arragon, it is faid, introduced 
the Ciyftallines, to explain what they called the motion 
of trepidation, or tiiuhation. 

The firft Cryftalline, according to Regiomontanus, 
X x 2 & c. 
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Ice, ferves to account for the flow motion of the fixed 
liars; by which they advance a degree in about 70 
years, according to the order of the ugns,or from weft 
to eaft; which occafions a preccffion of the equinox. 
The ad fcrvea to account for the motion of libration, 
or trepidation; by which the celcftial fpherc librates 
from one pole towards the other, caufmg a difference 
in the fun’s greatell declination. 

CUBATURE, or Cubatiox, of a foil'd, is the 
ifteafuring the fpace contained in it, or finding the 
folid content of it, or finding a cube equal to it. 

The cubature regards the content of a body, as the 
quadrature does the fuperficies or area of a figure. 

CUBE, a regular or folid body, confiding of fix 
equal fides or faces, which are fquares.—A die is a 
fmall cube. 

It is alfo called a hexardron, becaufe of its fix fides, 
and is the 2d of the five Platonic or Regular bodies. 

The cube is fuppofed to be generated by the motion 
of a fquare plane, along a line equal and perpendicular 
to one of its fides. 

To deferibe a Jiete , or Net, for forming a cube , or with 
which it may be covered .——Deferibe fix fquares as in the 
annexed figure, upon card paper, pafte-bonrd, or the 
like, of the fize of the faces of the propofed cube; and 
cut it half through by the lines AB, CD, EF, AC, 
BD; then Fold up the fevcral fquares till their edges 
meet, and fo form the cube, or a covering over one, 
as in the figure annexed. 



To determine the Surface and Solidity of a Cube. —Mul¬ 
tiply one fide by itfelf, which will give one fquare or 
face ; then this multiplied by 6, the number of faces, 
will give the whole lurface. Alfo multiply one fide 
twice by itfelf, that is, cube it, and that will be the 
folid content. 

Duplication of a Cube. See Duplication. 

Cubes, or Cubic Numbers , are formed by multiply* 
ing any numbers twice by themfelves. So the cubes 
of x, 2 , 3 *4* J > 6 , Ice, 
are 1, 8, 27, 64, 125, a 16, See. 

The third differences of the cubes of the natural 
numbers are all equal to each other, being the conftant 
number 6. For, let m 3 , «*, p* be any three adjacent 
•ubes in the natural feries as above, that is, whofe roots 
ffi, it, p have the common difference 1 j then becaufe 
Hszm+t, theref. n*=m 3 + jm* + 3m 4-1, 

/,= » + I, theref. /* = »* + 3a* + 3* + x; fo that 


the difference between the iff and id, and between the 
2d and 3d cubes, are 

and the dif. of thefe differences, is 


3 + = j .fl+m+xsfi.m + i, 

the 2 d difference. 


In like manner the next 2d dif. is + i : hence 
the dif. of thefe two 2d diffs. is 6 . n — rn — G, which Ta 
therefore the conftant 3d difference of all the feries of 
cubes. And hence that feries of cubes will be formed 
by addition only, viz, adding always the 3d dif. 6 to 
find the column - or feries of zd diffs, then thefe add¬ 
ed always for the ill diffs, and laftly thefe always add¬ 
ed for the cubes themfe|ges, as below ; 


3d Difs. 

2d DifsT 

1 ft Difs. 

Cube* 

6 

, 6 

1 

0 

6 

12 

7 

I 

6 

l8 

19 

8 

6 

2.f 

37 

27 

6 

. 3 ° 

61 


6 

. 3 6 

9 * 

12; 

6 

<12 

127 

21(5 

6 

48 

l6y 

, 343 


Pcletarius, among various fju-eulations concerning fquare 
and cubic numbers, fhevvs that the continual films of t lie 
cubic numbers, whole roots are 1, 2, 3, C\C, form the 
feries of fquares whofe roots art I, 3, (>, J j, 15, 2 1 , 
&c. 

Thus, 1 — 1 — 1 *, 

1+8— 9= 3 ", 

1+ 8 + 27= 36= 6-, 

X + 8 4 27 4 - 64= too = io% See. 

Or, in general, 

1 3 + 2 3 + 3* + 4 5 See. to k 3 — 1 4- i -f 3 4 4- --m* =s 

j n . n + 1 • 

It. is alfo a pretty property, that any number, and 
the cube of it, being divided by f>, leave the fame re¬ 
mainder ; the feries of remainders being O, 1, 2, 3, 4, 5, 
continually repeated. Or that the differences between 
the numbers and their cubes, divided by 6 , leave always 
o remaining; and the quotients, with their fuccelfm 
differences, form the fevcral orders of figuratc numbers 
Thus, 



Num. 

Cubes. 

Difs. 

Quot. 

1 Dif. 

1 Dif. 

I 

I 

0 

O 

0 

0 

2 

8 

6 

1 

1 

X 

3 

*7 

*4 

4 

3 

2 

4 

64 

60 

10 

6 

3 

5 

12 5 

120 

20 

10 

4 

6 

216 

2x0 

35 

ij 

5 ‘ 

7 

343 

336 

5 6 

21 

6 


The following is a Tabic o£ the firft rooo cubic nuns, 
bers. 


TABLE 
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TABLE OF CUBE S. 


Mum 

Cubes " 

Vum. 

Cube 

Num. 

Cubes 

Num. 

Cubes 

Num. 

C ubes 

Num. 

Cube* 

I 

1 

60 

216000 

* >9 

1685159 

>78 

563975 * 

*37 

*33 **°53 

296 

25934336 

2 

8 

6l 

2269S1 

120 

1728000 

179 

5735339 

238 

15481272 

297 

26198073 

3 

27 

62 

238328 

12 J 

1771561 

180 

5832000 

239 

13651919 

298 

26463592 

4 

64 

63 

2 50047 

122 

1815848 

18 I 

5929741 

240 

13824000 

299 

26730899 

5 

125 

64 

262144 

1^3 

1860867 

I 82 

6028568 

241 

13997521 

IOO 

27000000 

6 

216 

65 

274625 

124 

1906624 

*83 

6128487 

242 

14172488 

3 °> 

27270901 

7 

343 

66 

287496 

I 2 J 

> 953-12 5 

184 

6229504 

243 

14348907 

302 

27543608 

8 

512 

67 

300763 

126 

2000376 

*85 

6331625 

244 

14526784 

3°3 

27818127 

y 

729 

68 

3>4432 

127 

2048383 

186 

6434856 

245 

14706125 

3°4 

28094464 

lo 

loco 

69 

328509 

128 

2097152 

I87 

6539203 

246 

14886936 

3°5 

28372625 

1 i 

> 33 * 

70 

343000 

1 29 

2146689 

188 

6644672 

247 

15069223 

306 

28652616 

12 

1728 

7i 

3579H 

130 

2197000 

189 

6751269 

'248 

> 525*992 

3°7 

28934443 

13 

2197 

72 

373248 

*3> 

224809I 

190 

6859000 

249 

>5438249 

308 

29218112 

14 

2744 

73 

389017 

132 

2299968 

>9* 

6967871 

250 

15625000 

3°9 

29503629 

*5 

3375 

74 

405224 

>33 

2352637 

192 

7077888 

2 5> 

15813251 

3 ,c 

2979ICOO 

16 

4096 

75 

421875 

*34 

2406104 

>93 

7189057 

252 

16003008 

3 > 1 

3CO8023I 

17 

49 >3 

76 

438976 

>35 

2460375 

>94 

7301384 

2 53 

16194277 

3>* 

3037*328 

18 

5 8 32 

77 

456533 

136 

25*5456 

>95 

74'4875 

254 

16387064 

3 >3 

30664297 

'9 

r,8 59 

7 « 

474552 

>37 

*57 >353 

196 

75 2 9536 

2 55 

>6581375 

3 >4 

30959>44 

20 

8000 

79 

493°39 

•38 

2628072 

>97 

7645373 

256 

16777216 

3*5 

31255875 

21 

9261 

80 

512000 

>39 

2685619 

198 

7762392 

257 

>6974593 

3 > (: 

31554496 

22 

10648 

81 

53 I 44 I 

140 

2 744000 

>99 

7880599 

258 

17173512 

3*7 

3 > 8550>3 

23 

12167 

82 

551368 

>41 

2803221 

200 

8COOOCO 

259 

>7373979 

3*8 

32>*7432 

24 

138,4 

83 

571787 

142 

2863288 

201 

8120601 

2610 

17576000 

3*9 

32461759 

2? 

15625 

84 

592704 

>43 

2924207 

202 

8242408 

261 

17779581 

3 * c 

32768000 

26 

17576 

85 

614125 

>44 

2985984 

203 

8365427 

262 

>7984728 

321 

33076161 

27 

196s 3 

86 

636056 

>45 

3048625 

204 

8489664 

263 

*8191447 

322 

33386248 

28 

21952 

87 

658503 

. 146 

3112136 

205 

8615125 

264 

> 8 . 399:44 

3 2 3 

33698267 

29 

24389 

88 

681472 

>47 

3176523 

206 

8741S16 

265 

18609625 

3*4 

34M2224 

3 ° 

27000 

8y 

704969 

148 

3241792 

207 

8869743 

266 

18821096 

3*5 

34328125 

3 > 

29791 

90 

729000 

>49 

33°7949 

2c8 

8998912 

267 

19034163 

326 

34645976 

32 

32768 

9 * 

75357 > 

150 

3375 ooo 

209 

9*23329 

268 

19248832 

327 

34965783 

33 

35937 

92 

778688 

> 5 > 

344 * 95 * 

210 

926100c 

269 

194.65109 

328 

35287552 

34 

39304 

93 

804357 

152 

3511808 

211 

939393 > 

270 

196)83000 

329 

35611289 

35 

42875 

94 

830584 

>53 

3581577 

212 

9528128 

271 

19902511 

33 ° 

■ 3593/000 

36 

46656 

95 

857375 

>54 

3652264 

2>3 

9663597 

272 

20123648 

33 * 

36264691 

37 

50653 

96 

884736 

>55 

3723875 

214 

9800344 

273 

20346417 

332 

36594368 

3 « 

54872 


912673 

156 

3796416 

215 

9938.375 

274 

20570824 

333 

36926037 

39 

593 >9 

98 

941192 

*57 

3869893 

216 

10077696 

275 

20796875 

334 

37259704 

4 ° 

64000 

99 

970299 

>58 

3944312 

217 

10218313 

276 

21024576 

335 

37595375 

41 

68921 


1COCOCO 

>59 

4019679 

218 

10560232 

277 

21253933 

336 

37933056' 

42 

74088 

101 

1030301 

160 

4096000 

219 

* c 5°3459 

278 

21484.952 

337 

38272753 

43 

79507 

102 

X061208 

161 

4173281 

220 

10648000 

279 

21717639 

33« 

38614472 

44 

85184 

103 

1092727 

162 

425>528 

221 

10703861 

280 

21952000 

339 

38958219 

45 

91125 

104 

1124864 

163 

4330747 

222 

10941048 

281 

22188041 

34 ° 

39304000 

4 fi 

97336 

105 

1157625 

164 

4410944 

22.3 

11089567 

2S2 

22425768 

34 > 

39651821 

47 

105823 

106 

1191016 

165 

4492125 

224 

11239424 

283 

22665187 

342 

40001688 

48 

110592 

107 

x225043 

166 

4574296 

225 

11390625 

284 

22906304 

343 

40353607 

49 

117649 

108 

1259712 

167 

4 6 574<»3 

226 

>1543176 

285 

23149125 

344 

40707584 

50 

125000 

109 

1295029 

168 

4741632 

227 

11697083 

286 

2.3393656 

345 

41063625 

5 1 

132651 

110 

1331000 

169 

4826809 

228 

11852352 

287 

2 36399 0 3 

346 

41421736 

52 

140608 

111 

1367631 

■170 

4913000 

229 

12008989 

288 

23887872 

347 

41781923 

S3 

148877 

112 

1404928 

171 

5000211 

23O 

12i67000 

289 

24137569 

348 

42>44i92 

S4 

157464 

*»3 

1442897 

172 

5088448 

231 

12326391 

290 

24389000 

349 

42508549 

55 

166375 

114 

1481544 

>73 

5177717 

232 

12487168 

291 

24642171 

350 

42875000 

5 <> 

175616 

1 *5 

1520875 

*74 

5268024 

233 

*2649337 

292 

24897088 

35 * 

43*4355 > 

57 

185193 

116 

1560896 

>75 

5359375 

234 

12812904 

293 

25*53757 

35 * 

43614208 

53 

195112 

117 

1601613 

176 

5451776 

1 2 35 

>2977875 

*94 

25412184 

353 

43986977 

59 

205379 

11B 

1643032 

>77 

5545*33 

, 236 1 13x44256 ' 

‘*95 

2567*375 11354 1 4436>864 
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NTum.l Cubes .1 Num.l Cubes 


4473^375 

45118016 

45499*93 
4588271* 
46268279 
46656000 
47045881 
474379*8 
4783**47 
48228544 
48627125 
49027896 
4943 o 86 3 

49836032 
50243409 
50653000 
51064811 
51478848 
5 * 895*'7 
5 2 3 ‘ 36*4 
5*734375 
53*57376 
53582633 
54010152 

54439939 
54872000 
55306341 
55742968 
56181887 
56623104 
57066625 
57512456 
57960603 
58411072 
58863869 
59319000 
59776471 
60236288 
60698477 
61162984 
61629875 
62099 * 36 
62570773 
63044792 
63521199 
64000000 
64481201 
64964808 
65450827 

6 . 3939*64 
66430125 1 
66923416 

674 * 9*43 
67911312 
68417929 
08921000 
69426531 
4.2 69934528 

4*3 70444997 

4*4 70957944 

4*5 7*473375 

4*6 71991296 


417 7 * 5 ** 7*3 

418 7303463* 

4*9 73560059 

420 74088000 

421 74618461 

422 75 *-5 *448 

423 75686967 

424 76225024 

4*5 76765625 

426 77308776 

4*7 77 * 544*3 

428 78402752 

4*9 789535*9 

43 ° 79507000 

431 80062991 

432 80621568 

433 81182737 

434 81746504 

435 82312875 

436 82881856 

437 83453453 

438 84027672 

439 84604519 

440 85184000 

441 85766121 

442 86350888 

443 86938307 

444 * 75283*4 

445 88121125 

446 88716536 

447 *93 * 4 6 *3 

448 * 99 * 539 * 

449 90518849 

450 91125000 

45 * 9 * 733 * 5 * 

45 * 92345408 

453 92959677 

454 93576664 

455 94'96375 

456 94818816 

457 95443993 

458 96071912 

459 96702579 

460 97336000 

461 97972181 

462 98611128 

463 99 * 5**47 

464 99*97344 

465 100544625 

466 101194696 

467 101847563 

468 102503232 

460 103161709 

470 103823000 

47s 104487111 

472 105154048 

473 *058238x7 

474 106496424 

475 * 07 * 7 * 8 , ’5 

476 107850176 

477 * 0853*333 ...... 

478 109315352 IJ540 


Mum.) Cuhrt 


IO9902239 
II0592000 
III28464I 
IU980168 
U2678587 

**3379904 
II4084125 
114791256 
**<501303 
116214272 
l16930169 
II76490OO 
H8370771 
119095488 
II9823157 
*20553784 
121287375 
122023936 
122763473 
* 2350599 * 
*24251499 
I2500OOCO 
* 2575 * 50 * 
126506008 
127263527 
128024064 
128787625 
129554216 

* 30323*43 
131096512 
131872229 
132651000 

* 33432 * 3 * 
134217728 
135005697 

*35796744 
136590875 
*373**096 
138188413 
138991832 

* 3979*359 
140608000 
141420761 
142236648 
143055667 
143877824 

*4470312? 

* 4553*576 
146363183 
147197952 
148035889 
148877000 
I49721291 
150568768 

* 5 * 4*9437 

*52273304 

* 53*30375 
*53990656 
* 54 * 54*53 
1 75 72087 :• 
*56590819 
40 I 157464000 Ij 


158340421 
159220088 
160103007 
160989184 
161878625 
16277*336 

163667323 
164566592 
*65469149 
166375000 
167284151 
168196608 
169*12377 
17003,464 

* 70953 * 7.5 
171879616 
172808693 
*73741112 
174676879 
175616000 
176558481 
*77504328 
*78453547 
179406144 
180362125 
181321496 
182284263 
183250432 
184220009 
185193000 
186169411 
187149248 
188132517 
189119224 
*90*09375 
191102976 
192100033 
*93100552 
194104539 
195112000 
196122941 
197137368 
198155287 
199176704 

585 200201625 

586 201230056 

587 202262003 

588 203297472 

589 204336469 

590 205379000 

591 206425071 

592 207474688 

593 *08527857 

594 209584584 

595 210644875 

596 211708736 

597 212776173 059 

598 213847192 660 

599 214921799 r 6i 

600 216000000 *>62 

601 217081801 663 

602 218167208 H664 


219256227 

220348864 

221445125 

222545016 

223648543 

224755712 

225866529 

226981000 

228099131 

229220928 

230346397 

23*475544 

232608375 

233744*96 

234885113 
236029032 
237*76659 
238328000 
239483061 
240641848 
241804367 
242970624 
244140625 
2453-4376 
246491883 

247673*52 

248858189 

250047000 

25*23959* 

252435968 

253636137 

254840104 

256047875 

257259456 

258474*53 

259694072 

260917119 

262144000 

263374721 

264609288 

265847707 

267089984 

268336125 

269586136 

270840023 

272097792 

273359449 

274625000 

27589445* 

277167808 

278445077 

279726264 

281011375 

282300416 

2*3593393 
284890312. 
286191*179. 
287496000 
i 288804781 
290117528 
29*434247 
29 * 7 J 4944 i 
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665 294079625 

666 29(408296 

667 296740963 

668 298077632 

669 299418309 

670 300763000 

671 302111711 

672 303464448 

673 304621217 

674 306182024 
fi 75 307546875 

676 3CK 15776 

677 310288733 

678 311665752 

679 3*3046839 

680 314432000 
81 315821241 

6S2 317214568 

683 318611987 

684 320013504 

685 321419*25 

686 322828856 

687 324242703 

688 325660672 
68y 327082769 

690 328509000 

691 32993937* 

69* 33*373*** 

693 332812557 

694 334*553*4 

695 33570*375 

696 337*53536 

697 338608873 

698 340068392 

699 341532099 

700 343000000 

701 345472101 

702 345948008 

7°3 3474**9*7 

704 348913664 

705 350402625 

706 351895816 

707 '353393*43 

708 354*949** 

709 356400829 
7*° 3579*1000 

711 359425431 

712 360944128, 

713 362467097 
7*4 363994344 
7*5 3 6 5525*75 

716 367061696 

717 368601813 

718 370146232 

7*9 37*694959 
7*o 373*48000 
721 374805361 
72* J 3763670., 8 

7*3 377933 06 ; 

724 3795034;, 

725 3810781.5 

726 382657176 
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•Vum 

Cube*. 

B 

Cubes. 

ISS 

Cubes. 

Mum. 

Cubes. 

Muni. 

Cubes. 

7*7 

728 

729 
73° 
73* 
73* 

733 

734 

735 
73 f > 
737 
•738 

739 

740 

74* 

742 

743 

744 

745 

746 

747 

748 

749 
75° 
75» 
75 2 
753 

7 5+ 

75 £ 

75 6 

757 
75* 

759 

760 

761 

762 

7 6 3 

764 

76? 

766 

767 

768 

769 

77° 

77* 

772 

773 

774 

775 

77 6 

*77 

778 

779 
r8o 

’8* 

3«4*4<>03 
38582831; 2 
387420489 
38901700O 
390617891 
3922*3)68 
39383 2 837 
3954469 0 4 
397065375 
398688256 
4OO315553 
4OI947272 
403>834I9 
405224OOO 
4068690*! 
408518488 
4IOI72407 

4**830784 
413493625 
41C160036 
416832723 
418508992 
420189749 
4218750OO 

423)6475! 
425250008 
4*6957777 
428661064 
4303688': 5 
432081 i<> 
.33798093 
4355*95*2 
437245459 
1^38976000 
440711081 
442450728 
444* T 94947 
445943744 
447697125 
449455096 
451217663 
452984832 
4547S6609 
456533000 
45 8 3*40ii 
460099648 
461889917 
4636S4824 
465484375 
467288576 
469097433 
4709*095- 
472729130 
474552000 
476379541 

782 

783 

784 

78s 

786 

787 

788 

789 

790 

791 

792 

793 

794 

795 

796 

797 

798 

799 

800 

801 

802 

803 

804 
8o> 
806 
80* 

808 

809 

8 !0 
811 
8.2 
813 
8,4 
8i> 
81*' 
817 
81S 

819 

820 

821 

822 

823 

824 

825 

826 

827 

828 

829 

830 

831 
Sj* 
833 
8}4 
8 35 
»36 

4782x1768 
480048687 
481890304 
483736625 
485587656 
487443403 
489303872 
491169069 
493039000 

4949I3<57* 

496793088 

498677257 

500566184 

502459875 

$04358336 

506261573 

508169592 

510082399 

512000000 

51392*401 

515849608 

5*7781627 

519718464 

521660125 

5*3606616 

525557943 
5*7514**2 
529475129 
53(441OOO 

5334 11 73 * 
53S3 8 73 2 8 
537366797 
539353*44 
54*343375 
54333 8 496 
5453385*3 
54734343* 
549353259 
551368000 
553387661 
555412248 

557441767 

559476*24 

561515625 

5 6 3559976 

565609283 

567663552 

569722789 

571787000 

573856191 

5759303 6 8 

578009537 

580093704 

582182875 

584277056 

If? 

839 

846 

841 

842 

843 

844 

845 

846 

847 

848 

849 

850 

851 

852 

853 

854 

855 

856 

857 

858 

859 

860 

861 

862 

863 

864 

865 

866 

867 

868 

8 69 
870 

«7* 

872 

8/3 

«74 

875 

876 

877 

878 

879 

880 

881 

882 

883 

884 

885 

886 
8S7 
888 

889 

890 
B?i 

586376253 

588480472 

590589719 

592704000 

594823321 

596947688 

199077*07 

601211584 
603351125 
605495736 
607645423 
609800192 
611960049 
624125000 
616295051 
618470208 
620^50477 
622835864 
625026375 
6272*2016 
620422792 
631628712 

633 8 39779 

636056000 

638277381 

640503928 

6 4*735647 
64497*544 
647214625 
649461896 
65*7*4363 
653972032 
656234909 
658503000 
660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
674526133 
676836152 

6 79*5*439 

68147*000 

68379784* 

686128968 
688465387 
690807104 
693154125 
695506456 
697864103 
700227072 
702595369 
704969000 
70734797* 1 

892 

893 

894 

895 

896 

897 

898 

899 

900 

901 

902 

903 

904 

905 

906 

907 

908 

909 

910 
91* 
91* 
9*3 
9*4 
9*5 
916 

9*7 

918 

9*9 

920 

9*1 

922 

923 

924 

925 

926 

927 

928 

9*9 

93° 

93* 

932 

933 

934 
73$ 

936 

937 

938 

939 

940 

94* 

942 

943 

944 

Sjj 

709732288 

7121*1957 

7145*6984 

7*691737 5 
719323*36 

7*»734273 
724150792 
726572699 
729000000 
73 1 45- 7° * 

73387080 

7.363143 2 / 

738763264 

741217625 

7436774*6 

746142643 

748613312 

751089429 

753571000 

756058031 

758550528 

761048497 

763551944 

766060875 

768575296 

77*095**3 

773620622 

776151559 

778688000 

781229961 

7 8 3777448 

786330467 

788889024 

79*453*25 

794^22776 

796597983 

799*78752 

801765089 

804357000 

806954491 

809557568 

81216623; 

814780504 

817400275 

S20025856 

822656953 

825293672 

827936019 

830584000 

833237621 

835896888 

838561807 

841232384 

843908625 

846590536 

947 

948 

* 949 
950 

95 * 

95* 

953 

954 

955 

956 

957 

958 

959 

960 

961 

962 

963 

964 

965 

966 

967 

968 

9 6 9 

970 

97* 

972 

973 

974 

9l l 

976 

9 77 

978 

979 

980 

981 

982 

983 

984 

9 8 5 

986 

987 

988 

989 

990 

991 
99* 

993 

994 

995 

996 

• 977 

998 

999 

1000 

8*9278x23 

851971392 

85-4670349 

8 57375 °°° 

860085351 

862801408 

865523177 

868250664 

870983875 

873722816 

876467493 

879217912 

881974079 

884736000 

887503681 

890277128 

893°>6347 

895841344 

898632125 

901428696 

904231063 

907039232 

909853:09 

912673000 

91 5498611 

918330048 

921167317 

924010424 

926859375 

929714*76 

932574833 

93544*35* 

9383*3739 

941192000 

944076141 

946966168 

949862087 

952763904 

955671625 

958585256 

961504803 

964430272 

967361669 

970299000 

973242*7* 

976191488 
979146657 
982107784 
985074875 
98804793b 
991026973 
991011992 
997002999 
1000000000 
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The Cube of a Binomial, is equal to the cutes of the . 
two part* or members, together with triple of the two * 
parallelopiped ons un der each part and the fquarc of the J 5 
other; viz, a +l \ 3 = a 1 4- 3 a 3 b + 3 ab 3 -f l*. And a 
hence the common method of cxtra&ing the cube t' 
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the other two roots, viz —~v'—3, though, 

in their general form, they have an imaginary appear¬ 
ance ; yet, by fubilituting certain particular numbers, 
they come out in a real form in all fuch cafes as they 


Cubic Equations , are thofe in which the unknown 
quantities rile to three dimeniions ; as ** — a, 
or x 3 + ax * = b, or x 3 + ax z + bx = c, &c. 

All cubic equations may be reduced to this form, 
x 1 4- fix = q ; viz, by taking away the 2d term. 

All cubic equations have three roots j which arc 
either all real, or elfe one only is real, and the other two 
imaginary ; for all roots become imaginary by pairs. 

But the nature of the roots as to real artd imaginary, 
is known partly from the fign of the co-efficient p , and 
partly from the relation between p and q: for the 
equation has always two imaginary roots when p is po- 
fitive; it has alfo two imaginary roots when p is nega¬ 
tive, provided \p\ 3 is lefs \q*, or 4/) 3 lefs than 27 q z i 
otherwife the roots are all real, namely, whenever p 
is negative, and 4 p 3 cither equal to, or greater than 

* 7 ?*- 

Every cubic equation of the above form, viz, want¬ 
ing the 2d term, has both pofitive and negative roots, 
and the greatell root is always equal to the fum of the 
two lefs roots; viz, cither oue pofitive root equal to 
the fum of the two negative ones, or elfc one negative 
root equal to the fum of two fmaller and pofitive ones. 
And the fign of the greatell, or finglc root, is pofitive 
or negative, according as q is pofitive or negative when 
it Hands on the rignt-hand lide of the equation, thus 
k j -f- px =. q ; and the two fmaller roots have always 
the contrary fign to q. 

So that*, in general, the fign of p determines the na¬ 
ture of the roots, as to real and imaginary; and the 
fign of q determines the affcilion of the roots, as to 
pofitive and negative. See my Trait on Cubic Equa¬ 
tions in the Philof. Tranf. for 17K0. 

7 b find the Values of the Roots of Cubic Equations. 
Having reduced the equation to this form .v* -f px — q , 
its root may be found in various ways; the tirll of 
thefe, is that which is called Cardan’s Rule, by whom 
it was firft publilhed, but invented by Fcrreus and Tar- 
talca. Sec Auer bra. The rule is this: Put a=^\p, 
and b = -\q ; th en is Cardan’s root _ 

X s: l + b* 4 a 3 + b — 4* a 5 ; or if there 

be put s = V /b 4- s/b l + a 3 , and d — \/b—^b z -\-a 3 ; 
then s +d—x, the ill or Cardan’s root, 

s + d s —d , . , , 

alfo —-4- J — 3 is the 2d root, 

2 2 

s + d s—d . , , 

and — —- \f —3 is the 3d root. 

2 2 

Now the firft of thefe, or Cardan's root, is always a 
real root, though it is not always the greatell root, as 
it has becu commonly miftaken for. And yet this rule 
always exhibits the root in the form of an imaginary 
quantity when the equation has no imaginary roots at 
all; but in the form of a real quantity when the equa¬ 
tion Kas two imaginary roots. See the rcafon of this 
•xplained in ray Trait above cited, pa. 407. As to 


ance ; yet, Dy lumtitutine certain particular numbers, 
they come out in a real form in all fuch cafes as they 
ought to be fo. 

But, after the firft root is found, by Cardan’s rule, 
the other two roots may be found, or exhibited, in fe- 
vcral other different ways 5 fome of which are as fol¬ 
low : 

.Let r denote the 1 ft, or Cardan’s root, 

and v and w the other two roots: 
then is w 4- w = — -r, and vwr = q ; 
and the refolution of thefe two equations will give the 
other two roots v and to. 

Or refolve the quadratic equation .v’ -f r.v 4-r* 4 */ = O, 
and its two roots will be thofe fought. 

Or the fame two roots will be 

either — + —f> — ~»ni\r— 

or — | r 4- •l s /'r* — y and — | r— r * ~ 


or ~ i r + ItJ r z — y and — | r— {^/ r * 

or-'r + l^J \ r J 

Ex. 1. If the equation be .v 3 — 15.V = 4 : here / = 

— 17, g — 4, a = — 5, b — 2 ; hence b 3 4- a 3 = 

\\ — 125 =\/—I 2 t = iiv'--i,x=:* , 24-v '— 121 
= 24- v /— 1, and d— V2 — s/ — I2i — 2 — 1 : 

therefore r ~ c 4" d — 4, the 1 ll root; and 

s 4- d s — d 

-— ± —— V-l = ~2 hF the other two 

• 2 

roots. 

Ex. 2. If .v? — f,x = 4: here a =s—2, and irt; 
therefore */ b z -f a 3 — V'g. _ 8 =r v' — 4 = 2 \/— 1, 

S=l / 2- h2y/ —i= —1-4- 4/ — I, Sc d=\ / 2 — 2 4 /— 1 

— — 1 at N /—- 1 : hence then r — r + r/= — 2, the 
fu ff root; and I dr ^3 the other two roots. 

Ex. 3. If x 3 4- 1 S-v 6 : liere a = 6, and b = 3 ; 
then •fb z + a 3 — , f y4-216=2^225 = 15, s = 4/34-15 

■=^/i8, and </= ' / 3~*5 — V 12 — ~\ /12: there¬ 
fore r = s 4- d— I/18 — i/12 = *331313, the ill root, 

, ^ 13 -^ 12 ^ viH+t/ii ; 

and — ---—± —--- J — 3 arc tire two 

2 2 

other roots. 

2. Another method for the roots of the equation 
x 3 4 -px ~ q, is by means of infinite feries, as (hewn at 
pa. 415 and feq. of my Trail above cited; whence it 
appears that the roots are exhibited in various forms of 
feries as follow: viz, 


2 l/b X. : l — - 
for the ift root, and 
— l/b x ; 1 — 


3 -W 

2.5c* 


for the two other root*; where a 
e ss VV +«'*. 


3 - 6 .y. 

_ 

3.6.9.! zb * 1 C 

'2.7.8.Hr 4 , 

— -—_ & c 

3.6.9,12.15 b * 

ere a =; \p, b= \q, and 
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And various other feries for the fame purpofe may 
alfo be feen in my TraCt, fo often before cited. 

3. A third method for the roots of cubic equations, 
is by angular feCtionfi, and the table of lines. It was 
firfl hinted by Bombelli, in his Algebra, that angles are 
trifeCted by the refolulion of cubic equations. After¬ 
wards, Vieta gave the refolution of cubics, and the 
higher equations, by angular fe&ions. Next, Albert 
Girard, in his Invention Nouvellc en l’Algebre, thews 
how to xefolve the irreducible cafe in cubics by a table 
of lines : and he alfo conilruCts the fame, or finds the 
roots, by the intcrfe&ion of the hyperbola and circle. 
Halley and De Moivre alfo gave rules and examples of 
the fame fort of refolutions by a table of fines. And, 
Lilly, Mr. Anthony Thacker invented, and Mr, Wil¬ 
liam 1’rown computed, a large fet of fimilar tables, 
for refolving aileded quadratic and cubic equations, 
with their application to the refolulion of biquadratic 
ones. 

4. Lnllly, the fcv<*ral methods of approach, or ap¬ 
proximation, for the roots of all affected equations, 
which have been ufed in various ways by Stevin, Vieta, 
Newton, l lallcy, Rapbfon, and others. 

To thefe may be added the method of Trial-and-cr- 
ror, or of Double Politico, one of the eafiell and belt 
of any. Of this method, let there be taken the laft 
example, mV, a- 3 + i8.v = 6, in which it is evident that 
a- is very nearly equal to 1, but a little lefs; take it 
therefore .v =-33 ; then a 3 + i8x = 5‘975937» but 
fliould be 6, and therefore the error is -024063 in de- 
fed. 

Again fuppofe .v = -34 ; then x 3 + 18.x =r 6-159304, 
which is *1 59304 in excels. 

T 1 ■ f *.34 X ’024063 4 -33 x -159304= 60752 _ 
•024063 4 --i 59304 1K3367 

•3313, the root as before very nearly. 

For the conftruCtion of cubic equations, fee Con¬ 
struction. 

Ct'Bie Foot, of any thing, is fo much of it as is con¬ 
tained in a cube whofe fide is one foot. 

Cubic Hyperbola, is a figure exprefled by the equa¬ 
tion xy* — a, having two afymptotes, and confiding of 
two hyperbolas, lying in the adjoining angles of the 
afymptotcs, and not in the oppofite angles, like the 
Apollonian hyperbola : being otherwife called by New¬ 
ton, in his Enumeratio Lincarum Tcrtii Ordinis, an 
hypcrbolifmus of a parabola ; and is the 65th fpecies 
of thofc lines according to him. 

Cubic Numbers. See Cunts. 



Cubic Parabola, a curve, as BCD, of the 2d order, 
having two infinite legs CB, CD, tending contrary 
You 1 


ways. And if the abfeifs, AP or «, touch the curve 
in C, the relation between the abfeifs and ordinate, 
viz, AP = x, and PM=_y, is exprefled by the equa¬ 
tion y'=z ax 3 + bx* + cx -J- d ; or when A coincides 
with C, by the equation ys= ax *, which is the fimplcft 
form of the equation of this curve. 

If the right line AP (fig. 2) cut the cubical para¬ 
bola in three points A, B, C ; and from any point P 
there be drawu the right line or ordinate PM, cutting 
the curve in one point M only : then will PM be always 
as the folid AP x BPX CP; which is an eiliential pro¬ 
perty of this curve. 

And hence it is cafy to conftrud a cubic equation, 
as x 3 4- a*.v = b 3 , by the interfc&ion of this curve and * 
right line. See the Conftru&ion of a cubic equation 
by means of the cubic parabola and a right line, by 
l)r. Wallis, in hi:* Algebra : As alfo the Conftrudtioa 
of equations of 6 dimensions, by means of the cubic pa¬ 
rabola and a circle, by Dr. Halley, in a ledkurc former¬ 
ly read at Oxford. 

The curve of this parabola cannot be re&ified, not 
even by means of the conic fcftiotis. But a circle may 
bo found equal to the Curve Surface, generated by the 
rotation of tbc curve AM about the tangent APto the 
principal vertex A. Let MN be an ordinate, and MT 
a tangent at the point M ; and let PM be parallel to 
AN. Divide MN in the point O, fo that MO be t$ 
ON as TM to MN. Then a mean proportional be¬ 
tween TM + ON and -} of AN will be the radius of a 
circle, whofe area is equal to the fuperficies deferibed 
by that rotation, viz, of AM about AP. 



The Area of a Cubic Parabola is f of its circuit!- 
feribing parallelogram. 

Cubic Root, of any number, or quantity, is fuch a 
quantity as being cubed, or twice multiplied by it- 
(elf, fliall produce that which was given. So, the 
cubic root of 8 is 2, becaufc a J or 2x2x2 is equal 
to 8. 

The common method of extracting the cube root, 
founded on the property given above, viz, --+JW* 
a 3 + $a'b 4 - 3 ab % + l 3 , is found in every book of com¬ 
mon arithmetic, and is as old at leaf! as Lucas de Bur- 
go, where it is iirfl. met with in print. Other methods 
for the cube root may be feen under the article Ex¬ 
traction of Roots, particularly this one, viz, the cube 

2 >/ *4* 

root of n, or I/» =-X a, very nearly, or 

n 4- la 3 

2n + a 3 :: a ; l/n lhe cube root of « nearly; where n 

Y y i* 
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il any number given whofe cube root is fought, and rt 1 
is the ncarcit complete cube to n t whether greater or 
lefs. 


For example, fuppofe it were propofed to double the 
cube, or, which comes to the fame tiling, to extratithe 
cube root of the number 2. Here the neareft cube is 
j, whofe cube root is 1 alfo, that is, a 3 = 1, and a — 1, 
alfo n = 2 ; therefore 
2 a 3 -{-ii tn+a 3 a 

4 : 5 : : t : 4 = i*2f = \/z nearly. 

But, for a nearer value, albanc now a ~ or a 3 — 
W ; t,u ' ri )S 2t:i + n = V," + 2 =: -V/, nmi2« + a 3 -- 
4 + 1 13 = 3 -V ; hence 378 1381 :: J : ; or 1 •2 J992 1 

= (/2, or the cube root of 2, which is true in the lall 
place of decimals. 

And this is the fiinpleft and eaii> |1 method for the 
cube root of any number. See its iuvettigation in my 
Trails, vol. 1, pa. 49. 

Every number or quantity lias three cubic roots, one 
that is real, and two imaginary : So, the cube root of 

, - a /-3 , 

or-~- and it 

2 2 

r be the real root of any cube r 3 , the two imaginary 
cubic roots of it will be 


1 is either 1, or — 


1 +✓ — 3 


i+v'— 3 


and 


1 -v/-3 


r .• for any one of 


2 2 

thefc being cubed, gives the fame cube r 3 . 

Cubing of a Solid. See Cubaturs. 

Cubo-cube, the 6th power. 

Cubo-cubo-cube, the 9thpower. 

CULMINATION, the paflage of a flar or planet 
over the^meridian, or that point of its orbit which it 
is in at‘its great ch altitude. Hence a liar is faid to 
culminate, when ft paffes the meridian. 


To f.nd the time cf it Star’s culminating. Eftimate 
the time nearly; and find the right afeenfion both of 
the fun and liar corrected for this ellimated time ; then 
the difference between thefc right afeenfions, converted 
into foLr time, at the rate of ij degrees to the hour, 
gives the time of fouthing. Sec an example of this 
calculation every year in White’s Ephcmeris, pa. 47. 

CULVERIN, was tlie name of a piece of ord¬ 
nance ; but is now difufed. 


CUNETTE. See Cuvette. 

CUNEUS. See Wr.ncn. 

CUNITIA (Maria), a lady of Silefia, who was 
famous for her extenfive knowledge in many branches 
of learning, but more particularly in mathematics and 
allronomy, upon which fhc wrote feveral ingenious 
treatifes; particularly one, entitled Urania l'ropitia , 
printed in ifijo, in Latin and German, and dedicated 
to Ferdinand tlie third, emperor of Germany. In this 
work are contained aftronomicnl tables of great cafe 
and accuracy, founded upon Kepler’s hypothefis. But 
notwithftanding her merit fhincs with fuch peculiar 
lullre as to refleft honour on her fex, ui/lory does not 
inform us of the time of her birth or death. 


CURRENT, a ft ream or flux of water in any direc¬ 
tion. Tlie fitting of the current, is that point of tlie 


compafs towards which the waters run 5 and the drift 
of a current is tlie rate it runs an hour. 

Currents in the fea, are either natural and general, 
as anting from the diurnal rotation of the earth on its 
axis, or the tides, &c; or accidental and particular, 
canted by the waters being driven again(t promontories, 
or into gulphs and An ights; from whence theyare forced 
back, and thus dilluih the natural flux of the fea. 

The currents arc fo violent under the equator, where 
the motion of the earth is greatefl, that they hurry vcifels 
very fpeedily from Africa to America ; but alifolute- 
ly pi event their return the fame way : fo that ihips are 
forced to run as far as the 40th or 45th degree of north, 
latitude, to fall into til* return of the current again, to 
bring them home to Europe. It is lhewn by Gover¬ 
nor l’ownal, that this current performs a continual cir¬ 
culation, letting out from the Guinea coafl in Africa, 
for example, from thence crofling llraight over the At¬ 
lantic ocean, and fo fetting into the Gulph of Mexico 
by the fmith fide of it ; then fweoping round by the 
bottom of the Gulph, it ifliies out by the north fide of 
it, and thence takes a direction north-eafierlv along the 
mall of North America, till it arrives near Newfound¬ 
land, where it is turned by a rounding motion back¬ 
ward acrofs the Atlantic again, upon the couils of 
Europe, and from thence fouthward again to the coall 
of Africa, from whence it fet out. 

I11 the llreights of Gibraltar, the currents fet in by 
the fouth fide, fweep along the coait of Africa to 
Egypt, by Palcltine, and fo return by the northern 
fide, or European coaits, and ifliie out again by the 
northern fide of the ftreights. In St. George’s Chan¬ 
nel too they ufually fet caltwnrd. The great violence 
and danger of the tea in the Streights of Magellan, is 
attributed to two contrary currents fetting in, ouc 
from the fouth, and the other from the north tea. 

Currents arc of fomc confideration in the art of na¬ 
vigation, as a lliip is by them cither accelerated or re¬ 
tarded in her courfe, according as the fet is with or 
againfl the (hip’s motion. If a (hip fail along the di¬ 
rection of a current, it is evident that the velocity of 
the current muit be added to that of the vei'ftl: but it 
her courfe be directly againlt the current, il inult be 
fubtraCted: and if (he tail athwart it, her rnoti in 
will be compounded witli that of the current; and 
her velocity augmented or retarded, according to the 
angle of her diieCtion with that of the curicnt; that 
is, flic will proceed in the diagonal of the paralhIn¬ 
gram formed according to the two lines of diroStior., 
and will drferibe or pals over that diagonal in the fame 
time in which (he would have deferibed either of the 
fides, by the feparate velocities. 

For fuppofe ABUt be a paral¬ 
lelogram, the diagonal of which is 
AI). Now if the wind alone would 
drive the 111 ip from A to B, in the 
fame time as the current alone would 
dtfve it from A to C: Then, as 
the wind neither helps nor hinders 
the (hip from coming towards the 
line Cl), the current will bring it 
there in the fame time as if the wind did not a<fl! Ami 
as the current neither helps nor hinders the Ihip from 
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coaling 1 towards the line BD, the wind will bring it 
there m the fame time as if the current did not adt: 
Therefore the (hip muft, at the end of that time, be 
found in both thofe lines, that is, in their meeting li): 
Confcqucntly the (hip mull have pafled from A to D 
in the diagonal AD. See Composition of Forces. 

See the Sailing in Currents largely exemplified in 
Robertfon’s Navigation, vol. 2, book 7, fedt. 8. 

CURSOR, a fmall piece of brafs &e that Hides ; as, 
the piece in an equinodlial ring dial that Hides to the 
day of the month; or the little ruler or label of brafs 
Hiding in a groove along the middle of another label, 
representing the horizon in the analcnuna ; or the point 
that Hides along the beam cotnpafs ; 8 tc. 

CURTATE Dljhmct, is the dillanee of a planet’s 
place from the iun, reduced to the ecliptic; or, the in¬ 
terval between the fun and that point where a perpen¬ 
dicular, let fall from the planet, meets the ecliptic. 

CURTATION, the interval between a planet’s dif- 
tanee from the iun, aud the curtate dillanee. 

From tiie foregoing article it is cafy to find the cur¬ 
tate dillanee ; whence the manner of ccndrudtiug tables 
of curlaiion is obvious; the quantity of inclination, re¬ 
duction, and dictation of a planet, depending on the- ar¬ 
gument of latitude. Kepler, 1.1 his Rodolphine Tables, 
reduces the tables of them all into one, under the title 
of '/ dbuL' 1 AltUudiriiins. 

CURTIN, Curtain, or Courtini, in Fortifica¬ 
tion, that part of a wall or rampart that joins two baf- 
tions, or lying between the Hank of one and that of 
another.—The curtain is uiually bordered with a para¬ 
pet 5 feet high ; behind which the foKln ;;, tland to lire 
upon the covert-way, and into the moat. 

CURVATURE of a I.me , is its bending, or flexure; 
by which it becomes a curve, of any peculiar form and 
piopertivs. Thus, the nature of the curvature of a 
circle is fuch, as that every point in the periphery is 
equally diilaut from a point within, called the centre; 
and fi* the curvature of the fame circle is every where 
tiie fame ; but the curvature in all oilier ocrvia is conti¬ 
nually varying.—The curvature of a circle is fo much 
the more, as its radius is lels, being aRvat., reciprocally' 
as the radius; and the curvature of other curves is 
meafured by the reeipiocal of the radius of a circle 
having the lame degree of curvature as any cuive ha», 
at fome certain point. 

F.very curve is bent from it", tangent by its curvature, 
llif meafure of which is the fame as that of the angle 
of contaft formed i.y the curve and tangent. Now the 
fame tangent All is common to an infinite number of 
circles, or other curves, all touching it and each other 
in the fame point of contact C. So that any curve 
DCE may be touched by an infinite m.miner of «lift*‘rent 
circles at the lame po.ut C ; and ionic of thelc oinks 
fall wholly within it, being more curved, or having 
a greater curvature than that curve; vvl He others fall 
without it near the point of contact, or between tlie 
curve and tangent at that point, and f >, being Id's de- 
fledted from the tangent than the curve is, they have a 
lefs degree o( curvature there. Conlcqucntlv there is 
one, of this infinite number of circles, which neither 
falls below it rioi above it, but, being equally deflected 
from the tangent, coincides with it moll intimately of 
all the eirelej ; and the radius of this circle is eaUcd the 


radius of curvature of the curve*; alfo the circle itfelf ia 
called the circle of curvature , or the ofculatory circle of 
that curve, becaufe it touches it fo clofely that no other 
circle can be drawn between it and the curve. 



Asa curve is feparated from its tangent by its flex¬ 
ure or curvature, fo it is feparated from the olculatory 
circle by tin- incrcafc or dccreafe of its curvature ; and 
as its curvature is greater or lei's, according as it is 
more or lefs deflected from the tangent, fo tiie variation 
of curvature is greater or lefs, according as it is more 
or lefs feparated from the circle of curvature. 

It appears, however, from the demonltration of geo¬ 
metricians, that circles may touch curve lines in fuch a 
manner, that there may be indefinite degrees of more 
or lefs intimate contadl between the curve and its ofcu¬ 
latory circle ; and that a conic fedt ion may be deferibed 
that (hall have the fame curvature with a given line 
at a given point, and the fame variation of curvature, 
or a contact of the fame kind with the circle of curva¬ 
ture. 

if we conceive the tangent of any propofed curve to 
be a bafe, and that a new line or curve be deferibed, 
whofe ordinate, upon the fame bafe or abl'cifs, is a 3d 
proportional to the ordinate and bafe cf the firll; this 
new curve v ill determine the chord of the circle of cur¬ 
vature, by its interfection with the ordinate at the point 
of contadl ; and it will alfo meafure the variation of 
curvature, by means of the tangent of the angle in 
winch it cuts that circle ; the lefj this angle is, the 
elofer is the contadl of the curve and circle of curva¬ 
ture j and of tliis contact there may be indefinite de¬ 
grees. 

For example, let F.MH be any-curve, to which ET 
is a tangent at the point K ; tlien let there be alwayj 
taken MT : ET :: ET : TK, aud through all the points 
K draw the curve T' KF; then from the point, of contadt 
E draw ET parallel to the ordinate TK, meeting the 
lail ctr-ve in 15 ; and finally, dcieribe a circle ERfiJlJ 
through the point 15 and touching ET in E; and it 
lli.d 1 be the oicdatorv circle to the r.iv -n curve EMU. 
And the contact of EM and KR is always the elofer, 
tiie lefs the angle See Mucluutin's Fluxions, 

an. 366 . 

Hence it fellows, that the contact of the curve EMU 
and its olcuEtory cir< h is clufi.ll, when the curve 15lv 
touches the arch i'.Q in 15, the angle 15FT being 
given; and it is fiirilu-d from this, or moll open, when 
15 K touches the right line i5F. in B. 

lienee alfo there may be indefinite degrees of more 
and more intimate contact between a circle and a 
curve. The iirit degree is when the fame light line 

Y y a touch e» 
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tonchcs them both in the fame point; and a contaft of 
this fort may take place between any circle and any 
arch of a curve. The 2d is when the curve EM 1 I 
and circle ERB have the fame curvature, and the tan¬ 
gents of the curve BKF and circle BQE interfeft 
each other at B in any affignable angle. The contact 
of the curve EM and circle of curvature ER at E, is 
of the 3d degree, or order, and their ofculation is of 
the 2d, when the curve BKF touches the circle BQE 
at B, but fo as not to have the fame curvature with 
it. The contaft is of the 4th degree, or order, and 
their ofculation of the 3d, when the curve BKF has 
the fame curvature with the circle BQE at B, but fo 
as that their contaft is only of the 20 degree. And 
this gradation of more and more intimate contaft, or 
of approximation towards coincidence, may be con¬ 
tinued indefinitely, the contaft of EM and ER at E 
being always of an order two degrees cloier than that 
of BK and BQ^at B. There is alfo an indefinite va¬ 
riety comprehended under each order: thus, when 
EM and ER have the fame curvature, the angle formed 
by the tangents of BK and BQ_ admits of indefinite 
variety, and the contaft of EM and ER is the clofer 
the lefs that angle is. And when that angle is of the 
fame magnitude, the contaft of EM and ER is the 
clofer, the greater the circle of curvature is. When 
B K and BQ^touch at B, they may touch on the fame 
or on different fides of their common tangent; and the 
angle of contaft KBQ^may admit of the fame variety 
with the angle of contaft MER ; but as there is fel- 
dom occafion for confidering tbofe higher degrees of 
more intimate contaft of the curve EMH and circle 
of curvature ERB, Mr. Maclaurin calls the contaft or 
ofculatiop of the fame kind, when, the chord EB and 
angle BET being given, the angle contained by the 
tangents of BK and BO is of the fame magnitude. 

When the curvature of EMH increafes from E to¬ 
wards H, and confequcntly correfjionds to that of a 
circle gradually lefs and lefs, the arch EM falls within 
ER, the arch of the ofculatory circle, and BK is with¬ 
in BQ. The contrary happens when the curvature of 
EM aecreafes from E towards H, and confcquently 
correfponds to that cf a circle which is gradually greater 
and greater, the arch EM falls without. ER, and BK 
is without BQ^ And according as the curvature of 
EM varies more or lefs, it is more or lefs unlike to the 
miiform curvature of a circle; the arch of the curve 
EMH feparates more or lefs from the arch of the of¬ 
culatory circle ERB, and the angle contained by the 
tangents of BKF and BQE at B, is greater or 
lefs. Thus the quality of curvature, as it is called 
by Newton, depends on the angle contained by the tan¬ 
gents of BK and BQ^at B ; and the meafure of the 
inequability or variation of curvature, is as the tangent 
of this angle, the radius being given, arid the angle BET 
being a right one. 

The radii of curvature of fimilar arcs in fimilar 
figures, are in the fame ratio as any homologous lines 
of thefe figures} and the variation of curvature is the 
fame. See Maclaurin, ait. 370. 

When the propofrd curve EMH is a conic feftion, 
the new line BKF is alfo a conic feftion ; and it is a 
right line when EMH is a parabola, to the axis of 
which the ordinates TK arc parallel BKF is alfo a 


right line when EMH is an hyperbola, to one afymp. 
- tote of which the ordinate TK is parallel. 

When the ordinate EB, at the point of contaft E, 
inftcad of meeting the new curve BK, is an afymptote 
to it, the curvatur e of EM will be lefs than in any cir¬ 
cle; and this is the cafe in which it is faid to be in¬ 
finitely little, or that the radius of curvature is infinite¬ 
ly great. And of this kind is the curvature at the 
points of contrary flexure in lines of the 3d order. 

When the curve BK pafles through the point of 
contaft E, tire curvature is greater than in any circle, 
or the radius of curvature varufhes; and in this cafe the 
curvature is faid to be infinitely great. Of this kind 
is the curvature at the cufps of the lines of the ad 
order. 

As to the degree of curvature in lineR of the 3d and 
higher orders, lee Maclaurin, art. 379 ; alfo art. 380, 
when the propofed curve is mechanical. 

As curves which pafs through the fame point have 
the fame, tangent when thefirfl fluxions of the ordinates 
are equal, fo they have the fame curvature wheirthc 2d 
fluxions of the ordinate are likewife equal; and half 
the chord of the ofculatory circle that is intercepted 
between the points where it interfedls the ordinate, is 
a 3d proportional to the right line3 that meafure the 
2d fluxion of the ordinate and firft fluxion of the 
curve, the bafe being fuppofed to flow uniform! v. 
When a ray revolving about a given point, and termi¬ 
nated by the curve, becomes perpendicular to it, the 
firft fluxion of the radius vanilhes ; and if its 2d fluxion 
vanifii at the fame time, that point mult be the centre 
of curvature. The fame may be faid, when the angu¬ 
lar motion of the ray about that point is equal to the 
angular motion of the tangent ot the curve; as the 
angular motion of the radius of a circle about its cen¬ 
tre is always equal to the angular motion of the tan¬ 
gent of the circle. Hence the various properties of 
the circle may fuggeft feveral theorems for determin¬ 
ing the centre of curvature. 

See art. 396 of the laid book, alfo the following, 
concerning the curvature of lines that are deferibed by 
means of right lines revolving about given polrs, or of 
angles that either revolve about fuch poles, or are carried 
along fixed lines. 

It is to be obferved that, as when a right line inter- 
frdis an arc of a curve in two points, if by varying the 
poiition of that line the two interfections unite in one 
point, it then becomes the tangent of the arc ; fo when 
a circle touches a curve in one point, and interfectsit in 
another, if, by varying the centre, this interfedtion joins 
the point of contadt, the circle has then the elofeft 
contadt with the arc, and becomes the circle of curva¬ 
ture ; but it Hill continues to interfedt the curve at the 
fame point where it touches it, that is, where the fame 
right line is their common tangent, uulcfs another in- 
terfeftion join that point at the fame time, lu gene¬ 
ral, the circle of curvature interfedts the curve at the 
point of ofculation, only when the number of the fuc- 
celfive orders of fluxions of the radius of curvature, 
that vanilhes when this radius comes to the point of 
ofculation, is an even number. 

It has been fuppofed by fome, that two points of 
contadt, or four interfeftions of the curve and circle of 
curvature, muft join to form as ofculation. But Mr. 

James. 
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James Bernoulli juftly infixed, that the coalition of one 
point of contaft and one intcrfc&ion, or of three inter- 
feftions, was fufficient. In which cafe, and in general, 
when an odd number of interfections only join each 
other, the point where they coincide continues to be an 
interfeftion of the curve and circle of curvature, as well 
as a point of their mutual contaft and ofculation. See 
Madaurin’s Flu*, art. 493. 




From thefe principles may be determined the circle 
of curvature at any point of a conic fe&ion. Thus, 
fuppofe AEMHG be any conic fedion, to the point E 
of which the circle or radius of curvature is to be found. 
Let ET be a tangent at E, and draw EGB and the 
tangent HI parallel to the chords of the circle of cur- 
vature; then take EB to EG as El* to HI*; or, when 
the feftion has a centre O, as in the cllipfe and hyper¬ 
bola, as the fquare of the femi-diameter O a parallel to 
ET, is to the fquare of the femi-diameter OA paral¬ 
lel to EB ; and a circle EB described upon the chord 
EB that touches ET, will be the circle of curvature 
(ought. 

When BET is a right angle, or EB is the diame¬ 
ter of the circle of curvature, EG will be the axis of 
the conic fe&ion, and EB will be the parameter of this 
axis ; alfo when the point G, where the conic feftion 
cuts EB, and the point B, are on the fame iide of E, 
then EMG will be an ellipfi6, and EG the greater or 
lefs axis, according as EG is greater or lefs than EB. 

The nvopofitionj relating to the curvature of the 
conic feclions, commonly given by authors, follow with 
out much difficulty from this conflru&ion. 

1. When the chord of curvature, thus found, paffes 
through the centre of the conic feftion, it will then be 
equal to the parameter of the diameter that paffes 
through the point of contact. 

2. The fquare of the femi-diameter O a, is to the re&- 
ar.gle of half the tranfverfc and half the conjugate axis, 
as the radius of curvature CE is to O a. And there¬ 
fore the cube of the femi-diameter O a, parallel to the 
tangent ET, is equal to the foil'd contained by the 
radius of curvature CE, and the re&anglc of the two 
axes. 

3. The perpendicular to either axis bifc&s the angle 
made by the cnord of curvature, and the common tan¬ 
gent of the conic fe&ion and circle of curvature. 

4. The chord of the ofculatory circle that paffes 
through the focus, the diameter conjugate to that 
which paffes through the point of contaft, and the 
tranfvenc axis of the figure, are in continued propor¬ 
tion. 


$. When the fe&iori is an cllipfe, if the circle of 
curvature at E meet O a in d, the fquare of E el will be 
equal to twice the fquare of O a. Hence E d : O a :: 
4/2:1. Which gives an eafy method of determining 
the circle of curvature to any point E, when the femi- 
diameter O a is given in magnitude and pofition. 

Several other properties of the circle of curvature, 
and methods of determining it when the feftion is given; 
or vice verfa, of determining the feition when the circle 
of curvature is given, may be feen in Maclaurin’s Flux, 
art. 375. Sec alfo the Appendix to Maclaurin’s Alge¬ 
bra, fedt. 1. 

To determine tbs Radius and Circle of Curvature by tin 
Method of Fluxions . Let AEe be any curve, concave 
towai ds its axis AD; draw an ordinate DE to the 
point E where the curve is required to be found; and 
fuppofe EC perpendicular to the curve, and equal to the 
radius of the circle BEr of curvature fought; laitly, 
draw E d parallel to AD, and de parallel and indefi¬ 
nitely near to DE; thereby making Ed the fluxion 
or increment of the abfeifs AD, alfo de the fluxion 
of the ordinate DE, and E* that, of the curve AE. 
Now put x — AD, y = DE, * = AE, and r — CE 
the radius of curvature; then is ED — x, de —y, and 
E e=zi. 


de, Ee, 


.Ed 

- * , y » * » 

- GE,GC,CE; 
GC. * = GE y i 


Now, by fim. tri. the 3 lines 

or 

are refpedtively as the three 
therefore - 
and the flux, of this equa. is 

GC . x + GC . x — GE. y 4 * GE y , 
or becauffc GC — — BG, it is 

GC. x - BG. x =GE.jf + GE.y . 

But, fince the two curves AE and BE have*the fame 
curvature at the point E, their abfeiffes and ordinates 
have the fame fluxions at that point, that is Ed or x is 
the fluxion both of AD and BG, and de or y is the 
fluxion both of DE and GE. In the above equation 

therefore fubflitute x for BG, and y for GE, and it 
becomes - GC . x — xx = GE . jf + jy , 

or - GC. x — GE.j= x % +y*ori*. 

Now mult, the three terms of this equation refpc&ively 

by thefe three quantities, which are 

bL bh Lh 

equal, and it becomes yx — xj' — p ^-iOr —. 

Veil* 9 

jj *3 

and lienee r = ——-— , which is the general value 

yx - xy 

of the radius of curvature for all curves whatever, ia 
terms of the fluxions of the abfeifs and ordinate. 

Farther, as in any cafe either x or y may he i'uppofed 
to flow equably, that is, either x or y conitanl quant;, 
.ties, or x or j' = to nothing, by this fuppofition either 
of the terms in the denominator of the value of rmay 
be made to vanilh. So that when x is conftant, the 

value of r is-:—, but r it = ——— when y is coa- 

yx 

ftant. 

For example, fuppofe it were required to find the 
radius or circle of curvature to any point of a parabo¬ 
la, its vertex being A, and axis AD.—Now the equa¬ 
tion 
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tion of the curve is ax =s y % ; hence ax = tyy, and 
ax — 2j'-, fuppofing y conftant, alfo a 1 ** = ty'y* j 
hence r or 

nr ** + . a* H- 4_y*^ a + 4*^ 

. .. . .. — is — ■ o r ^ , 


~ T* / I - «'-+-4V* \ n ■+■ 4*1 

. .. .. is —• or — _» 

y * y* 2 a 1 2 y/a 

the general value of the radius of curvature for any 
point E, the ordinate to which cuts offthe abfcifs Al> 

HZ X , 

Hence, when .v or tlic abfcifs i 8 nothing, the lad ex- 

i 


preflion becomes barely 


1 — iu ~ r for the ra¬ 


dius of curvature at the vertex of the parabola; that 
is, the diameter of the circle of curvature at the vertex 
■of a parabola, is equal to a the parameter of axis. 

Variation of CuRVATuar. See Variation. 

Double Curvature, is ufed for the curvature of a 
line, which twills fo that all the parts of it do not lie 
in the fame plane. 

CURVE, a line whofc feveral parts proceed bowing, 
or tend different ways; in oppofition to a Itraiglit 
line, all whofc parts have the lame courfc or direc¬ 
tion. 

The doctrine of curves, and of the figures and folids 
generated from them, conditute wliat is called the 
higher geometry. 


!_--ii 

/i a- "c 


And TranfccnJental or Mechanical Curves, ire fuck 
as cannot be fo defined or exprefled by an algebraical 
equation. See Transcendental Curve. 

Thus, fuppofe, for indance, tlic curve be the circle ; 
and that the radius AC = r, the abfcifs AP — x, and 
the ordinate PM —y ; then, hecaufe the nature of the 
circle is fuch, that the rectangle AP x PB is always 

— PM 1 , therefore the equation is x . 2r — * s= y*, 
or 2 rx — .v* =• defining this curve, which is there¬ 
fore an algebraical or geometrical line. Or, fuppofe 
CP = x } then is CM 1 — CP* = PM*, that is r l 

— x* = y z ; which is another form of the equation of 
the curve. 

The do&rine of curve lines in general, as exprefled 
by algebraical equations, was fird introduced by Dcs 
Cartes, who called algebraical curves geometrical ones ; 
as admitting none cite into the coiidruftinn of jm»- 
blems, nor coulequcutly into geometry. But Newton, 
and after liiiu Leibnitz. and Wolltus, are of another ojii- 
nion ; and think, that in the coiiftrudtion of a problem, 
one curve is not to be preferred to another for il» 
being defined by a more tiniplc equation, but for its 
being more eafily deferibed. 

Algebraical or geometrical lines are bed didir.guiflicd 
into orders according to the number of dimenlions of 
the equation cxpreiling the relation between its ordi¬ 
nates and abfeifles, or, which is tire fame thing, accord¬ 
ing to the number of points in which they nvay be cut 
by a right line. And curves of Mie fame kind or order, 
are thole whofc equations rife to the fame diirenlion. 
Hence, of the fil'd order, there is the right line only ; 
of the 2 d order of lines, or the fird order of curves, 
are the circle and conic fictions, being 4 fpecies onlv, 

viz, dx - x- =~y'- the tiielf, — . j K _ y i liu . 


In a curve, the line AD, which bificts all the paral¬ 
lel lines MN, is culled a diameter; and the point A, where 
the diameter meets the curve, is called the vertex: if AD 
blfcvSt all the parallels at right angles, it is called the 
axis. The parallel lines hlN are' called ordinates , or 
explicates ; and their halves, PM, or PN ,/emi-nrdhiiiUs. 
The portion of the diameter AP, between the vertex, 
or any other fixed point, and an oidinatc, is called the- 
abfcifs; alfo tlic coneourfe of all the diameters, if they 
meet all in one point, is the autre. This definition of 
the diameter, as Infecting the parallel ordinates, refpects 
only the conic firnon-, or fuch curves as arc cut only 
in two points by tin’ ordinates; but in the lines of tlie 
3d order, which may t>e cut in three points bv the or¬ 
dinates, then the diameter is that line viiiel/cius the 
ordinates fo, that the finn of the two parts that Ik¬ 
on one fide of it, Ihuil he equal do the part on the oilier 
fide : and fo on for curves of higher onln.-, the funi of 
the parts of the ordinates on one fide of the diameter, 
being always equal to tlic fum of the parts on the other 
fide of it. 

Curve lines arc difling lifhed into nhu-lr.i,.d or geome¬ 
trical, and fra ifindented or mcehanieal. 

Algebraical or Geoimtrieal Curves, are tlinfi* in whu h 
the relation of the ahfchTes AP, to the ordinates I‘M, 
can be exprefled by a common-algebraic equation 


cllipfe, -g• d\‘ -f- a 1 = y- the hyperbola, and ,/v r- y* 

the parabola ; the lines of the 3d order, or curves of 
the *d older, are exprefled by an equation of the 3d 
dtgrec, having three roots ; and fo on. Of thefe lines 
of the 3d order, Newton wrote an exprefs treatife, un¬ 
der the title of Emuneratio l.ineanun Tertii Ordinis, 
(hewing their difliikliu - eliaraficvs and properties, to 
the number of 72 diffi rent fpecies of cm vis: but Mr. 
Stirling afterwards added four more to that num¬ 
ber; and Mr. Nie. Bernoulli and Mr. Stone added two 
more. 

i.wvrs ef fl'e zd and other h : y her linds , New ton ob- 
ferves, have parts and properties fimilar to tliofe of the 
ill kind: I bus, as the conic feftions have diameters 
and axes ; the lines Lifcttcd by thefe aie ordinates; and 
the interfeftion of the curve and diameter, the vertex : 
fo, in curves of the 2d kind, any two parallel right lines 
being drawn to meet the curve in 3 points; a right line 
cutting tlufc parallels fo, as that the fum of the two 
parts between the fccant and the* curve on one fide, is 
equal to the 3d part terminated by the curve* on the 
other fide, will cut, in the farncmamitr, all other right 
lints parallel to thefe, and that .meet the curve in time 
points, that is, fo as that the fum of the two parts on 
ime fide, will flill he equal to the - 3d part on the other 
fide. 1 liefe three parts therefore* thus equal, may be 
called ordmates , or applicates ; the cutting line, the dia¬ 


meter .,* 
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meter } and where it cuts the ordinates at right angles, 
the axis ; the intcrfe&ion of the diameter and the curve, 
the vertex ; and the concourfe of two diameters, the 
rentre ; alfo the concourfe of all the diametein, the com¬ 
mon or general centre. 

Again, as an hyperbola of the firit hind' has two 
afymptotes; that of the 2d has 3 ; that of the 3d has 
4; &c : and as the parts of any right line between the 
conic hyperbola and its two afymptotes, arc equal on 
cither fide ; fo, in hyperbolas of the 2d kind, any right 
line cutting the curve and its three afymptotes in three 
points ; the fum of the two parts of that right line, ex¬ 
tended from any two afymptotes, the fame way, to two 
points of the curve, will be equal to the 3d part ex¬ 
tended from the 3d afwnptotc, the contrary way, to 
the 3d point of the curve. 

Again, as in the conic fcelionr. that are not parabo¬ 
lical, the fquarc of an ordinate, i. c. the rectangle cf ihe 
ordinates drawn 011 the contrary lidcs of the diame¬ 
ter, is to the rectangle of the parts of the diameter 
terminated at the vertices of an cllipfc or hyperbola, 
in the fame proportion as a given line called the latus 
re£tum, is to that part of the diameter which lies be¬ 
tween the vertices, and called the latus tranfverfum: 
fo, in curves of the 2d kind, not parabolical, the paralle¬ 
lepiped under three ordinates, is to the parallclopiped" 
under the parts of the diameter cut ofTat the ordinates 
and the three vertices of the figure, in a given ratio r 
iti which, if there be taken three right lines fituate at 
the three parts of the diameter between the vertices 
of the figure, each to each ; then thefe three right 
lines tnay be called the Intcra nfta of the figure ; and 
the parts of the diameter between the vertices, the latera 
tranfverfa . 

And, as in a conic parabola, which has only one ver¬ 
tex to mu- and the fame diameter, the reflangle under 
the ordinates is equal to the rectangle under the part 
of the diameter cut off at the ordinates and vertex, and 
a given right line called the latus rectum: fo, in curves 
of the 2d kind, which have only two vertices to the 
fame diameter, the parallclopiped under three ordinates, 
is equal to the parallelepiped under two parts of the 
diameter cut ofT at the ordinates and the two vertices, 
and a given right line, which may therefore be called 
the latus tranfverfum. 

Further, as in the conic fe&ions, where two parallels, 
terminated on each fide by a curve, are cut by two other 
parallels terminated on each fide by a curve, the til by 
the 3d, and the 2d by the 4th ; the rectangle of the 
parts of the 1 ft i-s to the reflangle of the parts of the 
qd, as that of the 2d is to that of the 4th : fo, when 
tour fueh right lines occur in a curve of the 2d kind, 
each in three points ; the parallclopiped of the parts of 
the 1 ft, will be to that of the parts of the 3d, as tb.it of 
the 2d to that of the 4th. 

Laftly, the legs of curves, both of the iff, 2d, and 
higher kinds, are either of the parabolic or hyperbolic 
kind: an hyperbolic leg being that which approaches 
infinitely towards fome afymptote ; and a parabolic one, 
that which has no afvmptotc. 

Thefe legs are belt diiliiiguifhcd by their tangents; 
for, if the point of contact go off to an infinite dillance, 
the tangent of the hyperbolic leg will coincide with 
the afymptote; and that of the parabolic leg, recede 


infinitely, and vanilh. Therefore the afymptote of any 
leg is found, by feeking the tangent of that leg to a 
point infinitely diftunt; and the diredlion of an infinite 
leg is found, by feeking the pofition of a right line 
parallel to the tangent, where the point of contact is 
infinitely remote, for this line tends that way towards 
which the infinite leg is directed. 

Redutlion of Curves of the 2 d hind. 

Newton reduces ail curves of the 2d kind to four 
cafes of equations, expreiling the relation between the 
ordinate and ahfeifs, vi/., 

in the ift cafe, xf 4- ey — ax* + hx % + cx -f- d\ 
in the 2d, - xy — ax J 4- hx x +« +(/; 

in the 3d. . y* = ax * 4- bx 1 4 * ex 4 * d ; 

in tlie4th, - y —ax* 4- bx * 4- cx + d. 

See Newton’s Enumeratio, feet. 3 ; and Stirling’s 
Lint-”, &c, pa. 83. 

Enumeration of the Curves of the 2 d kind. 

Under thefe four cafes, the author brings a great 
number of different forms of curves, to which he gives 
different names. An hyperbola lying wholly within 
the angle of the afymptotes, like a conic hyperbola, he 
calls an infrribtd hyperbola >• that which cuts the 
afymptoUs, and contains the parts cut off within its 
own periphery, a eireurfcriled hyperbola ; that which has 
(me of its infinite legs inferibed and the other circum- 
ferihed, lit* calls ambigenal ; that whole kgs look to¬ 
wards each other, and arc directed the fame way, con¬ 
verging ; that where they look contrary ways, diver¬ 
ging ; that where they are convex different ways, errf- 
leggcd ; that applied to its afymptote with a concave 
vertex, and diverging legs, concboidal ; that which cuts 
its afymptote with contrary flexures, and is produced 
each way into contrary legs, avguineous , or fnake-lile ; 
that which cuts iLs conjugate aerofs, cruciform ; that 
which returning around cuts itfelf, undated ; that whole 
parts concur i 1 the angle or contait, and there ten ini¬ 
tiate, crij.idate-l ; that whole conjugate is oval, and in¬ 
finitely fmnll, i. c. a poiui, pointed ; that which, from 
the impofiibility of two roots, is without either oval, 
node, cufp, or point, pure. And in the fame manner 
he denominates a parabola renvergirg, diverging, cruci¬ 
form, dee. Alfo when the number of hype»boiic legs 
exceed-, thi.t of the conic hyperbola, that is more than 
two, he calls the hyperbola rcjundca.t. 

Under thole 4 cafes the author enumerates 72 dif 
ferent curves: of thefe. y arc redundant hyperbolas, 
without diameters, having three afymptotes including 
a triangle ; the firll confiding of three hyperbolas, 
one inlcribed, another circiimfcribed, and the third 
amhigenal, with an oval ; the 2d, nodated ; the 3d, 
cufp hinted ; the 4th, pointed ; the 5th and 6th, pure; 
the 7th ami 8th, cruciform ; the 9th or lalt, auguineal. 
There are 12 redundant hyperbolas, having only one 
diameter: the til, oval; the 2d, nodated; the 3d, 
culpidated; the 4th, pointed ; 5th, 6th, 7U1, and 8th, 
pure; the yth and 10th, cruciform; the 11th and 
121 It, cor.choidul. And to this via Is Stirling adds 2 
more. There are 2 redundant hyperbolas, with three di¬ 
ameters. There arc y redundant h\ ptrbolas, with three 
afymptotea converging to a common point; the til 
being formed of the 5th and Gth redundant parabolas, 

whole. 
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whole afymptotes include a triangle; the 2d formed of 
the 7th and 8th ; the 3d and 4th, of the 9th j the 5th 
is formed of the 5th and 7th of the redundant hyper¬ 
bolas, with one diameter; the 6th, of the 6th and 7th ; 
the 7th, of the 8th and 9th ; the 8th, of the 10th and 
t ith ; the 9th, of the 12th and 13th : all which con- 
vcriions are effected, by diminifhing the triangle com¬ 
prehended between the afymptotes, till it vanilh into 
a point. 

Six arc defeftive parabolas, having no diameters: 
the 1 ft, oval; the 2d, nodated; the 3d, cufpidated; 
the 4th, pointed ; the Jth, pure ; &c. 

Seven are defective hyperbolas, having diameters: 
the 1 ft and 2d, conehoidal, with an oval; the 3d, no- 
dated ; the 4th, cufpidated, which is the ciftuid of the 
ancients; tlu: 5th and 6th, pointed ; the 7th, pure. 

Seven arc parabolic hypei bolas, having diameters: 
the id, oval; tie 2d, nodated; the 3d, cufpidated ; 
the 4th, pointed ; the 51b, pme ; the 6th, cruciform ; 
the 7th, anguineous. 

Four are parabolic hypei bolas: four are hypei bo. 
Ii'fms of the hyperbola : three, hyperbolas of the cllip- 
fis: two, hvperbolifms of the parabola. 

Six are diverging parabolas ; one, a trident; the 2d, 
oval; the 3d, nodated; the 4th, pointed; the ;th, 
cufpidated (which is Neil’s parabola, ufually called the 
femi-cnbical parabola) ; the 6th, pure. 

Laftly, one, commonly called the cubical parabola. 

Mr. Stirling and Mr. Stone have (hewn that this 
enumeration is imperfect, the former having added 
four new fpecies of curves to the number, and the lat¬ 
ter two, or rather thefe two were firII noticed by Mr. 
Nic. Bernoulli. Alfo Mr. Murdoch and Mr. Geo. 
Sanderfon have found fome new fpecies ; though forne 
perfons difputc the reality of them. See the Gcticlis 
Curvarutn per umbras, and the Ladies’ Diary 1788 
and 1789, the prize queflion. 

Organical Defeription of Curvks.— Sir Tfaac Newton 
ftiews that curves may he generated by ftiadows. He 
fays, if upon an infinite plane, illuminated from a 
lucid point, the ftiadows of figures be projected ; the 
ftiadows of the runic fcfHons will always he conic lec¬ 
tions; thofe of the curves of the 2d kind, will always 
be curves of the 2d kind ; thofe of the curves of the 
3d kind, will always be curves of the 3d kind; and fo 
on ad infinitum 

And, like as the projefted fha.dow of a circle gene¬ 
rates all the conic fc&ions, fo the 5 diverging para¬ 
bolas, by their fhadows, will generate and exhibit all 
the reft of the curves of the 2d kind : and thus fome of 
the moil fimple curves of theothir kinds may he found, 
which will form, by their ftiadows upon a plane, pro¬ 
jected from a lucid point, all the other curves of that 
fame kind. And in the French Memoirs may he fevn 
a demonftration of this projection, with a fpecinicii of 
a few of the curve's of the 2d order, which may he 
generated by a plane cutting a folid formed from the 
motion of an infinite right line along a diverging para¬ 
bola, having an oval, always palling through a given 
or fixed point above the plane of that parabola. The 
above method of Newton has alfo been purfued and il- 
lufl rated with great elegance by Mi. Murdoch, in his 
treatife entitled Newtoni Grrte/is Curvarutn per uu.lras } 
fiu J'erJfejtiiva Vnivtrfali Elttnet.ia. 


Mr. Maclaurin, in his Geometria Organica, fhews how 
to deferibe feveral of the fpecies of curves of the ad 
order, efpecially thofe having a double point, by the 
motion of right lines and angles : but a good commo¬ 
dious defeription by a continued motion of thofe curves 
which have no double point, is ranked by Newton 
among the mod difficult problems. Newton gives alfo 
oilier methods of defeription, by lines or angles re¬ 
volving above given poles; and Mr. Brackenridge has 
given a general method of deferibing curves, by the 
interfe&ion of right lines moving about points in a 
given plane. See Philof. Tranf. No. 437, or Abr 
vol. 8, pa. ; and fome particular cafes arc demon- 
flratcd in lus Exerc. Geometry a de Curvarutn Dfcrip- 
tiotie. 

Cvrvfs above the 2 d Order. The number of fpeevs 
in the higher orders of curves ir.crcafc amazingly, thofe 
of the 3d order only it is thought amounting to force 
thoiMands, all compiehcuihd under the following ten 
particular equations, 

'iz, I- T* +ff\v 1 + gxy 3 + bx'y + iy- 4. Ixy + V, 

or 2. y* +fxy 3 + gx\v + I'xy* + ixy +iy, 

or 3. x*y* -f gx'y + by 3 + iy, 

or 4. x*y*+fy 3 + gy* + hxy + iy, 

or 5. y 3 +fxy* + gx*y + hy, 

or 6. y 3 +j*y- + hy 

™ ii .\* ft- bx 3 4- ex 2, 4 - dx 4" t ! 
or 7. j 4 + rx 3 y +/xy 3 + g.\y* + by* + ixy + /y, 

or 8. x 3 y 4 -exy 3 +fx*y+gy* 4- hxy 4- iy, 

or 9. x 3 y 4-o 3 +/xy'+yxy 4 -by, 

or 10. x 3 y 4 -ey 3 +fy* 4 -gxy + by, 

~ ax 3 + lx* 4- ex 4- J . 

Thofe who wifti to fee how far this doctrine has heut 
advanced, with regard to curves of the higher orders, 
as well as thofe o! the ift and 2.1 orders, may confute 
Mr. Maclaurin’s Geometria Organica, and Bracken- 
ridge’s Exerc. Geom. 

All geometrical lines of the odd orders, vi/., the 3d, 
5th, 71I1, &c, have at kail one leg running on infi¬ 
nitely ; becuufe all equations of the odd dimenftons 
have at lcafl one real root. But vafl numbers of the 
lines of the even orders are only ovals; among which 
there are feveral having very pretty figures, l’ome being 
like fingle hearts, fome double ones, fome refcmbling 
fiddles, and others again fingle knots, double knots, 
&c. 

Two geometrical lines of any order will cut one ano¬ 
ther in as many points, as are denoted hy the product 
of the two numbers exprefiing thofe orders. 

The theory of curves forms a conliderablc branch of 
the mathematical fciences. Thofe who are curious of 
advancing beyond the knowledge of the circle and the 
conic fedtions, and to confider geometrical curves of a 
higher nature, and in a general view, will do well to 
ihidv Cramer’s Introduction a J’Analyfc des Lignes 
Courbes Algebraiques, which the learned and inge¬ 
nious author compofed for the life of beginners. There 
is an excellent pollhumous piece too of Maclaurin’s, 
printed as an Appendix to his Algebra, and entitled 
l)e Lineanitn Geometricarum Proprietatibus Genera- 
libus. The fame author, at a very early age, gave a 
remarkable fpecimen of his genius and knowledge in his 
Geometria Organica ; and lie carried thefe fpeeulatious 
further afterwards, as may be feen in tltc theorems he 
3 has 



CUR [ 353 ] CUR 


Jim given in the Philof. Tranf. See Abr. vol. 8, pa. 62. 
Other writings on this fubjeft, he fitly the Treat! firs on 
the Conic Sections, arc Archimedes tic Spiralihus ; 
Dos Cartes Grometria ; Dr. Harrow’s Lc.£tfonea Geo¬ 
metries 1 ; Newton’s F.mimerriiy Linearum Tcrtii Or- 
ilinis; Stirling’s lllufiratio Tradlalfis Newtoni dcLineis 
'l’crtii Ordinis; Maclaurin’a Gcometria Organica; 
iirackeniidge’s Dcfcn’j>lio Linearum Curvarum; M. 
Dc Gun’s l/fagts dt I’Annlyfc de 1'lea Cartes ; hefidc 
many other Trails on Curves in the Memoirs of fercral 
Academics 5 c c. 

if ft- of Curves in the Conflrut’.ion of Equations. One 
great ule of curves in Geometry is, by means of their 
interfcflions, to give the fulution of problems. Sec 
Construction. 

Suppofe, cv. yr. it were required to conflruft the 
following equation of 9 dimenfions, 

a 9 4 * bx 3 + c a 6 + dx * -+- r.v 4 + 1 » +f.x 3 +.?•'* + bx+& " O : 
uffuinc the equation to a cubic parabola a 3 — y • then, 
by writing r for a- 1 , the given equation will become 
yt+bxy* +ey* + r/.v*y + «v H- my + /■' 3 + " 1 7 + hx-\-i—o\ 
an equation to another curve of the 2 d kind, where m 
or f may be afliimcd = o or any thing cite : and by the 
deferiptions anti iiiterfeetions of tliefe curves will be 
given the roots of the equation to be conftruiled. 
It is fuffieient to deferibe the cubic parabola once. 
"Whin the equation te» be eonllrutted. by omitting the 
two lalt terms Lx and /, is reduced to 7 dimcnlions; 
the other curve, by expunging m, will have the double 
point in the beginning of the abfeifs, and may he eafily 
deferibed as above: If it be reduced to 6 dimenfions, 
by omitting the lall three terms, yx z bx -f- i ; the 
other curve, l>y expunging f will become a conic fcc- 
tion. And if, by omitting the lad three terms, the 
equation be reduced to three dimenfions, we (hull fall 
upon Wallis’s condrudtion by the cubic parabola and 
right line. 

ReUfiration, TnJIeHion, QQuadrature, oV of Curves. 
See the rcfpedlivc terms. 

Curve of a Double Curvature , is fueli a curve as has 
not all its parts in the fame plane. 

M. Clairaut has published an ingenious treatife on 
curves of a double curvature. See his Recherche* fur 
les Courbes a Double Cotirbitre. Mr. Ruler has alfo 
treated this fobjedt in the Appendix to his Analyfis 
lnlinitorum, vol. 2, pa. 323. 

Family of C. urv es, is an affcmblage of feveral curves 
of different kinds, all defined by the fame equation of 
an inditerminate degree ; but diffeientlv, according to 
the divevfity of their kind. For example, Suppofe an 
equation of an iiideteiminatc degree, a m *.v =.y m : if' 
01 = 2, then will ax ; if m =. 3, then will a*x —y* ; 
if m = 4, then is a i x~y 4 ; 5 cc : all which curves are 
Jaid to be of the lame family or tribe. 

The equations by which the families of curves arc 
defined, are not to be confounded with the tranfeen- 
dental ones: for though with regard to the whole fa¬ 
mily, they be of an indeterminate degree; yet with 
refpeft to each feveral curve of the family, they arc 
determinate; whereas tranfccndcntal equations are of 
an indefinite degree with refpeft to the fame curve. 

All Algebraical curves therefore compofe a certain 
family, conlilling of innumerable others, each of which 
comprehends infinite kinds. For the equations by 
Vol. 1. 


which curves arc defined involve only produfts, either 
of powers of the abfeilfes and ordinates by conltant co¬ 
efficients ; or of powers of the abfeifles by powx-rs of the 
ordinates; or of conilant, pure, and limple quantities 
by one another. Moreover, every equation to a curve 
may have o for one member or fide of it; for example, 
ax — y% by tranfpofition becomes ax —y x — O. There¬ 
fore the equation lor all algebraic curves will be 

of + lxy m - 1 + iu’y "‘~ 2 See - - - ff 

+ fy m ~ l + -°- 

+ 7.v J 

Catarauflie, and DiarauJUt Curvfs. SeeC.tTACAU- 
stic, and Diacaustic. 

Exponential Curve, is that which is defined by an 
exponential equation, as ax z — y, &c. 

Curves by the Light , or Courbes a la Eumiere, a 
name given to certain curves by M. Kurdwanowfki, a 
I’olidi gentleman. He obferved that any line, ftraight 
or curved, expofed to the aftion of a luminous point, 
received the light differently in its different parts, ac¬ 
cording to their diilance from the light. Thefe dif¬ 
ferent effects of the light upon each point of the line, 
may he reprefented by the ordinates of fume curve, 
which will vary precifcly with thefe effefts. PrielUey’* 
Hill, of Vifion, pa. 752. 

Logarithmic Curve. See Logarithmic Curve. 

Curve Refleltoire, fo called becaufe it is the ap¬ 
pearance of the plane bottom of a bafon covered with 
water, to an eye perpendicularly over it. In this po- 
fition, the bottom of the bafon w ill appear to rife up. 
wards, from the centre outwards ; but the curvature 
will he Iefs and lefs, and at laft the furface of the water 
will be an afymplote to it. M. Muiran, who 4 irit con¬ 
ceived this idea from the phenomena of light, found 
alfo feveral kinds of thefe curves ; and he gives a geo¬ 
metrical deduction of their properties, /hewing their 
analogy to canities by refraction. Mem. Ac. 1740; 
Pridlley’s Hitt, of Vifion, pa. 752. 

Radical Curves, a name given by fomc authors to 
curves of the fpirul kind, whole ordinates, if they may 
be fo called, do all terminate in the centre of the in¬ 
cluding circle, and appear like fo many radii of that 
circle : whence the name. 

Regular Curves, are fnch as have their curvature 
turning regularly and eontinually the fame way; in 
oppofition to fuch as bend contrary ways, by having 
points of contrary flexure, which are called irregular 
curves. 

CharaSeri/lie Triangle of a Curve, is the differential 
or elementary right-angled triangle whofe three fide* 
are, the fluxion* of the ah/cifs, ordinate, and curve ; 
the fluxion of the curve being the hypothcuufe. So, 
if ptf be parallel to, and indefi¬ 
nitely near to the ordinate PQ^_ p 7 — 

and Qe parallel to the abfeils A P ; i/’ 

then Qe is the. fluxion of the ab¬ 
feifs AP, nr.d qr the fluxion of 
the ordinate PQ_, and the 
fluxion of the curve AQ : lienee A. i~F 

the elementary triangle Qj/e is the 

charafteriftie triangle of the curve AQj and the 
three fides are y, y, x ; in which a* -p f 1 — i 7 . 

CURVILINEAR Angle, Figure, Superficies, £*, 

7. z are 
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arc fucli as arc formed or bounded by curves; in oppo¬ 
sition to rcfliliniar ones, which arc formed by Untight 
lines or plains. 

CUSP, in Aflronomy, is ufcd to exp refs the points 
or honts of the moon, or other luminnrv. 

Cusp, in A l! eulogy', is tiled for the t It point of each 
of the twelve houfes, in a figure or feiieme of the 
heavens. See House. 

Cusp, in the Higher Geometry, is ufcd for the 
point or corner formed by two pairs of a curve meet¬ 
ing and terminating there. See Cunt ". 

Cuspidated Lyperlol.i, See. .See Curve. 

CUT-Basi ion. See Bastion. 

Cl 1 VifTTli, or Cm: n :, in Fortification, is a 
kind of ditch within a t'io.h, King a putty drip 
tieilch, about four fathoms blond, funk and running 
along tile middle of the g'.x.t ill v ditch, to hold waU*. ; 
Living both to keep off the enemy, and pie,cut him 
from mining. 

CA CL.il, aeertniu perud or feries of numbers pro- 
cei ding orderly from tin! to lad, then returning again 
to the lirll, and fo circulating perpctuullv. 

Cycles have chictly arilen from the ineoinimnfura- 
hility of the revolution.: of the earth and cildtial bo¬ 
dies to one another. The apparent revolution of the 
fun about the earth, has been ail itr.uily divided into 
24 hours, which is the balls or foundation of all our 
1r.eufu1ai.ion of time, whether dues, years, &c. I’ut 
neither the annual motion of the iim, nor that of the 
other heavenly bodies, can be imafurcd exactly, and 
without any remainder, by hours, or theii multiples. 
That of the fur, for example, is 365 days 5 hours 
49 minutes nearly ; that of the moon, 29 dues 12 hours 
44 minutes nearly. 

Hence, to fwallow up tliefc fractions in whole num¬ 
bers, and yet in numbers which only exprt Is days and 

J vars, cycles have been invented; which, eimipre- 
lending fcveral revolutions of the fame body, replace it, 
after a certain number of years, in the fame points of 
the heaven whence it full departed ; or, which is the 
fame thing, in the fame place of the civil calendar. 

There are various cycles ; as, the cycle of Indiction, 
the cycle of the moon, the cycle of the fun, &c. 

Cycle of Indiflion, is a feries of 15 years, returning 
ronflantly around like the other cycles; and com¬ 
menced from the third year before Chi-ill; whence it 
happens that if 3 he added to any given y car of Chi lit, 
and the fum be divided by 1 5, what remains is the year 
of the iridiction. Sec Ivnu tion. 

Cycle of the Mont:, or the I.utiar Cycle, is a period 
of 19 years; in which time tin- new and full mo-ms 
return to the fame day ol the Julian year. .See Calip- 
»1 c. 

This cycle is alfo called the l\deton‘u per'od or ry< lc, 
from its inventor Melon, the Athenian ; and alfo the 
Holden Number, from its excellent ufe in the calendar : 
though, properly fpeaking, the golden number is rather 
the particular number which (hews the year of the 
lunar cycle, which any given year is in. This cycle 
of the moon only holds true for 310,V years: for, 
though the new moons do return to the fame day after 
19 years ; yet -not to the fame time of the day, but near 
an hour and a half fooncrj an error which in 310 T V 
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years amounts to an entire day. Yet thofe employed 
in reforming the calendar went on a fuppofilion that 
the luiuitioua return preciitlv fiom 19 years to 19 years, 
for t iv”. 

The* ufe of this cycle, in the ancient calendar, is to 
(hew the new moon of inch year, and the time of 
Fuller. In the la ve on.-, it only Lives to find the 
LpniMs; vvhii.li (hew, in 1 it her calendar, that the new 
moon l : Jls 1 1 day, loo late. 

As the* Orientals began the ufe of tins cycle at tue 
time <•' tl-.-Council of Nice in 325, they a'imned, that 
the .'i’ii year ol th.- cycle the paLh.il new moon (ell 
on the 13)11 of March: >»n which account the lunar 
cmI. 3 kll e-M the ill of January in the third year. 

'i hi Cecil!.".:t:>Jj, 0:1 tb. niaiy, placed tlie number 
1 to the ill of January, vvH. h oeeaiioiicd a coufideraMc 
d:t cicnci i:i the time oI •brio. Hence, Dfonyiitis 
LxL- m.s, on training a n: w calendar, pcrlu.ided the 
C Li::,s oi the well to lain the dillereuee, and conic 
into tin. [ laeJiv oi the elu.ieii oi Alcxanihia. 

1 1‘ j-.:d />.'.■ )'tiT td l.t.ntr I'ych, is to find the 
golden number. See C.< i.i<: x - A1, wh t . 

C y e t.i. ej t> t .Sor ,V l.y.h, i., a period or re¬ 
volution oi 2tt years; beginning with 1, and ending 
w:th j'.; ; vvliieh elaj>f..d, the Douenieal e.i Suuday- 
IeMe:;, and thole that cxpreL tin otlui fc.iiK, die, re¬ 
turn into ilnir former place, and proceed 111 the fame 
order as be;..re. i i.e days o| the month return arahi 
to tile f;.n,e days ol the week ; the bin's place to the 
fame ligns anil degrees of the lehpfh: o-i ;'0. lame 
mouths and days, io as not to dethrone degiei in a 
hunched years; and the leap jeaiv. b g ; n the fame 
eourle with u-lpecl to the days oi the week on which 
the days el the month fall. 

This is called the cycle of the*/!••«, or the f'ar cyele, 
not froin any regard to the imih eourle, wliieh has no 
concern in it : but from S.n./.y, anciently calkd das flit, 
the fun's day ; as the dominical or iuud.iy letter is 
cliieliy fought for fiom this revolution. 

Th«-reformat ion of the calendar main-pope Crcgi ry 
the 131I1, oecalioued a eonlid.-rahlt alteration of this 
eyek : In the Grcgo’.ian lalcndar, the iobir cveh i. 
not conllr.nl and perpetual; hiV.n.le evei; Jtii U.i'i.tr 
year is coiuinon ; whereas, in tin* Julian, L is bif!»::- 
tile. The epoch, or beginning of the lolar 1 >.* !e, 
both Julian »md Grcgoei. n, is tile 9th ye.11 1 1 lore 
Chrill. And the re fore, 

To find the Cycle of the Sun hr p'tv.i year: add 9 
to the number given, and d.vide the fum by ; the 
rcmaindci will he the number of the cyele, and th«* 
quotient the number of ri'.olul.'on *. lii.ee Lbrilt. if 
there he no reinainder, it will he the if'th or lnt! year 
of the* cycle. 


CYCLE of the Sun, \v:ih ihc «■: rvipoiiili-nt Sumtay ietteir, 
iti Julian Yeais. 
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CYCLE ol the Sun, ami Sunday Letters, from the Gre¬ 
gorian year 170 > to the year /8.e. 
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Great Ptif.ttl Cvci.r., is another mine for the Vic¬ 
torian or Dionyfian Period. \\ liidi ti e. 

CYCLOID, or Trochoid, a nuchanical or tran- 
feemicutal curve, v. inch i; t!m.t generated: Swppofe 
a wlicil, or a circle, Al'i, to roil along a li might 
line All, hcyitiir'ng at the point A, anil ending' at 1 ', 
where it lia-. c-anglctu: ju.'i (>ne violation, thereby 
mcafuring out a right line All exactly equal to the 
circumference of tie - generating cm le A it, vvhilil a 
nail or point A in the circumference of the nluil, or 
t in le, traces out or deferihe., a . ure ilium! path A DU ; 
tlicn this curve ADil A the cycloid, or trochoid. 


I 



Schooten, in his Conunentary on Dos Carles, fays 
that Des Cartes hrll conceived the notion ol tins ele¬ 
gant curie, and after him it was ill'll puhliihed l>y I'alher 
Merfennc, in the year 1619. Jlut Torricelli, in the 
Appendix de Dimeniione Cvcli.idis, at the end of Ills 
treatilc De Dimeniione Parabola-, puhlillnd 1644, fays 
that this curve was eoulidered and named a cycloid, 
by his predeceHors, and particularly by Galileo about. 
49 years before, i. c. about 15119. And Dr. Wallis 
fhews that it is of a much older Handing, having 
been known to Uovilii about the year 15.10, and 
even considered by cardinal Cufami-. much earlier, vi/., 
before the year 145 i. Pl.iluf. Ti-.mf. Abr. vol. 1, 
pa. 116. It would feem however that Torricelli’s was 
the firli regular triable on the Cycloid; though leieral 
particular properties of it might he known prior to 
his work. He firli IheiveJ, that the cycloidal Ipacc 
is ecpial to trijile the generating eiiele, (though Pafcal 
contends that Roherial fiuivcd this) : alio that tiie 
fulid generated by the rotation cf that fpace about its 
baft', is to the circumfeiibing cylinder, as 5 to 8 : 
about the tangent parallel to the hale, as 7 to 8 : about 
the tangent parallel to the axis, as 3 to 4: &c. 

Honoratus l-’abri, in his Syiiojtlis Ilium, has a fhort 
treatife on the cycloid, containing demo nil rat ions of 
the above, and many other theorems concerning the 
centres of gravity- of the cycloidal fpace, &c ; which 
he fays lie found out before the year 1658. 

From the preface to Dr. Wallis’s treatife on the 
cycloid we learn, that, in the year 1^58, M. Pafcal 
publicly propofed at Paris, tmd, r the name of D’Et- 
t-mville, the two following problems as a challenge, to 
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be folved by the mathematicians of Europe, with a re¬ 
ward of 20 pillules for the lblution ; viz, to find the 
area of any figment of the cycloid, cut o(F by a right 
line parallel to the bafe ; alfo the content of tin: folid 
generated by the rotation of the fame about the axis, 
ami about the bafe of that fegment. ’Phis challenge 
fet the Doctor upon writing that treatife upon the cy¬ 
cloid, which is a much better and compkvitcr piece 
than had been given before upon this curve. He 
here gives the curve lurhiecs of thy folids generated bv 
the rotation of tin- cycloidal fpace about its axis, and 
about its bafe, with determinations of the centres of 
gravity, txc. He here afi’evts too, that Sir Chriiloph-ci 
Wren, in 1658, was the iiril who found out a vi At 
line equal to the curve of the cycloid ; and Mr, Huy¬ 
gens, in his Hcrolog. Ofciliat. fays that he himfelf was 
the firli inventor ol the fegment of a cycloidal fpace, 
cut oil’ by a right line parallel to the bafe at the dif- 
tnnre of 4 the axis of the curve from the centre, being 
equal to.a rectilinear fpace, viz, to a regular hexagon 
inlcribed in the generating circle ; the demonllration of 
nliiili may be feen in Wallis’s treatife. 

Several other authors have fpoken or treated of the 
cycloid ; as Pafcal, in his treatife, under the name or 
D’Ettonville: Schooten in his Commentary on Des 
Cartes’s Geometry, near the end of the 2d book; M. 
Rcinau, in his Analyie Demontree, tom. 2, pa. 595 : 
alio Newton, Leibnitz, de la Loubcre, Robe rial, Dos 
Cartes, Wren, Fabri, the Bernoulli’s, De la Hire, 
C'otes, &c, See. 

Pntpi-r.its oj iJ'e Cycloid. —The circle AE, by 
whole revolution the cycloid is traced out, is called 
the !?mfM/rn* circle; the line AB, which is equal to 
the circumference ot the circle, is the bafe of the cy¬ 
cloid ; and the perpendicular DC on the middle of the 
bafe, is its u.w..-. The properties ol the cycloid are 
among the moll beautiful and ufcful of all curve lines: 
fume of the moll remarkable of which arc as follow; 

1. The circular arc DG = the line GH parallel 

to AB. 

2. Tiie femicircumf. DGC = the femibafe AC. 

3. The arc DH = double the chord DG. 

4. The arc DA rr double the uiain. DC. 

5. Tin tang. HI is parallel to the chord DG. 

6. The fpace ADBA = triple the circle AE or 

CGD ,\c. 

7. The fpace ADGCA = the fame circle AE, See. 



8. A body falls through any arc KL of a cycloid 
reverfed, in the fame time, whether that aic he great 
or fmall; that is, from any point L, to tlu- lowed 
point K, which is the vertex reverfed: and that time 
Z z 2 is 
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IS to the time of falling perpendicularly through the 
axis MK, as the femicircumferencc of a circle is to 
its diameter, or as 3*1416 to 2. And hence it fol¬ 
lows that, if a pendulum he made to vibrate in the arc 
LKN of a cycloid, all the vibrations will be performed 
in the fame time. 

9. The evolute of a cycloid, is another equal cy¬ 
cloid. So that if two equal femieycloids OP, OQ» be 
joined at O, fo that OM be = MK the diameter of 
the generating circle^ and the llring of a pendulum 
hung up at O, having its length =r OK or rr the 
curve OP ; then, by plying the llring round the curve 
OP, to which it is equal, and then the hall let go, 
it will deferibe, and vibrate in the other cvcloid 

PKQ. 

1 o. The cycloid is the curve of fwifteft defeent: 
or a heavy body will fall from one given point to ano¬ 
ther, by the way of the arc of a cycloid palfing through 
thofe two points, in a lefs time, than by any other 
rout. See the Works of James and John Bernoulli for 
ttany other curious properties concerning the defeents 
Id cycloids. See. 

Cycloids are alfo either curtate or prolate. 



CyClqjsJ, Curtate , or contraffeJ, is the path de. 
Icribed by fome point without the circle, while th« 
circumference rolls along a Untight line ; and a 



Cycloid, Prolate , or InfleBrd, is in like manner the 
path of fome point taken within the generating circle. 

Thus, if, while the circle rolls along the line AB, 
the point R be taken without the circle, it w ill dc- 
feribe or trace out the curtate or contracted cycloid 
RST; but the point being taken within the circle, it 
wall deferibe the prolate or indebted cycloid RVW. 

Thefe two curves were both noticed by Torricelli 
and Schooten, and more fully treated of by Wallis, in 
his Treatife on the Cycloid, printed at Oxford in 1659 ; 
where he (hews that thefe have properties fnnilar to 
the firll or primary cycloid j only the laft of thefe is a 
curve having a point of inflection, and the other crolf- 
ing itfclf, and forming a node. 

By continuing the motion of the wheel, or circle, 
fo as to deferibe a right line equal to the generating 
circumference fevcral times repeated, there will be pto- 
duced as many repetitions of the cycloids, which fo 
united together will appear as in thefe figures fol¬ 
lowing : 


Curtate Cycloid. 




CYGNUS, the Swan, a conftellation of the northern-' 
hemifphere, being one of the 48 old ones, and fabled 
by the Greeks to be the fwan, under the form of which- 
Jupiter deceived Leda or Nemcfis, from which em¬ 
brace fprung the beauteous Helen. 

The liars in the conllellation Cygnus, in Ptolomy’a 
catalogue are 19, in Tycho’s 18, in Hcvelius’s 47, 
and in the Britannic catalogue 81. 

CYLINDER, a folid having two equal circular 
ends, and every plane feftion parallel to the cuds a 
circle equal to them alfo. 

The cylinder may be conceived to be thus gene¬ 
rated: 



Suppofe two parallel circles AB and CD, and a right 
line carried continually round them, always parallel to 
illclf j this line will deferibe the curve furface of a cy¬ 
linder, ABDC, of which the two parallel circles AB 
and CD form the two ends. When the line, or fides 
is perpendicular to the ends, the cylinder is a right or 
perpendicular one ; othcrwilc it is oblique. 

Or the right cylinder inay be conceived to be gene¬ 
rated by the rotation of a redt angle about one of its fides. 
The axis of the cylinder is the line connecting the cen¬ 
tres of its two parallel circular ends; and is equal to 
the altitude of the cylinder when this is a right out,, 
but exceeds the altitude in the oblique cylinder, in the 
proportion of radius to the fine of the angle of its in¬ 
clination to the hafe. 

The convex furface of a cylinder is equal to the pro- 
duft of the axis multiplied by the circumference of it*.- 
bafe. 

The folidity of a cylinder is equal to the area of its 
bafe multiplied by its perpendicular altitude. 

Cylinders of equal bafea and altitudes, arc equal. 

Cylinders are to each other, as the product of their 
bafts and altitudes. And equal cylinders have, their 
bafes reciprocally as their altitudes. 

A cylinder is to its inferibed fphere, or fpheroid, as 3 
to 2 : and to its inferibed cone as 3 to 2. 

yi* 



CTt E 357 T C VP 


The oblique plane fc&ions of a cylinder, are ellipfcs; 
but all the fe&iona parallel to the ends, are circles. 

For the furfaces and foliditics of the ungulas, or ob¬ 
lique dices, of a cylinder, fee my Meufuratton, pa. at 8,. 
ad edition. 

CYLINDRICAL, pertaining to a cylinder. 

CYLINDROID, a folid refembling the figure of a 
cylinder ; but differing from it as having elliples for its 
ends or bafes, inftead of circles, in the cylinder. 

In the cylindroid, the folidity and curve fuperficies 
are found tire fame way as thofe of the cylinder; viz. 


by multiplying the circumference of the bade by the 
length or axis, for the furface; and the area of the bails 
by the altitude, for the folidity. 

CYMATIUM, Cimatium, or Cima, in Architec¬ 
ture, a member, or moulding of the cornice, whofe profile 
is waved; i. e. concave at top, and convex at bottom. 

CYNOSURA, a name given by the Greeks, to urfa 
minor, or little bear, otherwife called Charles’s wain \. 
the ftar in the extremity of the tail being called the 
pole liar. 

CYPHER, or nought. Sec Cipher., 
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ACTYLONOMY, the art of counting or num¬ 
bering by tire fingers.—The rule is this: the left 
thumb is reckoned r, the index or fore-finger 2, and fo 
an to the right thumb, which is the tenth or tail, and 
confequently is denoted by the cipher o. 

DADO, that part in the middle of the pcdcftal of a 
column &c, between its bafe and cornice. 

DAILY, in Ailronomy. Sec Diurnal. 

DARCY (Count), an ingenious philofopher and 
mathematician, was born in Ireland in 1725; but his 
friends being attached to the Stuart family, he was fent 
to France, at 14 years of age, where he fpent the red. 
of his life. Being put under the care of the celebrated 
Clairaut, he improved fo rapidly in the mathematics, 
that at 17 years of age he gave a new folution of the 
problem concerning the curve of equal preffure in a re¬ 
filling medium. This was followed the year after by a 
determination of the curve deferibed by a heavy body, 
Hiding by its own weight along a moveable plane, at 
the fame time that the preffure of the body caufes a 
horizontal motion in the plane. Darcy ferved in the 
war of 1744, and was taken prifoner by the Englifh: 
and yet, during the courfe of the war he gave two me¬ 
moirs to the academy; the firft of tliefe contained a 
general principle in mechanics, that of the prefervalion 
of the rotatory motion; a principle which he again 
brought forward in 1750, by the name of tie principle 
of the prefervalion of aft ion. 

In 1760, Darcy publifhcd Vhi FJjay on Strtillery, con¬ 
taining fome curious experiments on the charges of gun¬ 
powder, &e, &e, and improvements on thofe of the in¬ 
genious Robins ; a kind of experiments which our au¬ 
thor carried on occafionally to the cud of his life. 

In 1765, he publilhed his Memoir on the Duration of 
the Senfation of Sight , the molt ingenious of his works: 
the refult of thefc refearches was, that a body may 
fometimes pafs by our eyes without being feen, or mark¬ 
ing its prefence, otherwife than by weakening the bright- 
nels of tlie objeft it covers. 

• AU Darcy's works bear the cbara&cr which rcfults 
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from the union of genius and philofophy; hut as he 
meafured every thing upon the large!! fcalc, and required 
extreme accuracy in experiment, neither his time, for¬ 
tune, nor avocations, allowed him to execute more than 
a very fmall part of what he projected. In his difpoli- 
tion, he was amiable, fpirited, lively, and a lover of in¬ 
dependence, a pallion to which he nobly facriticed, even 
in the midll of literary focicty.—He died of a cholera 
morbus in 1779, at 54 years of age. 

Darcy was admitted of the French academy in 1749, 
and was made penfioner-gcomclrician in 1770.—His 
effays, printed in the Memoirs of the Academy of 
Sciences, are various and very ingenious, and are con¬ 
tained in the volumes for the years 1742, 1747, 1749, 
1750, 1751, 1752, 1753, 1754, 1758, 1759, 1760, 
1765, and in tom. 1, of the Savans Etrangcrs. 

DARK Chamber . Sec Cami.ra Ohfcura. 

DARK Ten!, a portable camera ohfcura, madefomc- 
what like a defic, and fitted with optic glaffcs, to take 
profpects of laiulfcapes, buildings, &c. 

DATA, in General Mathematics, denote certain 
things or quantities, fuppofed given or known, from 
which other quantities are difeovered that were un¬ 
known, or fought. A problem or queftion ufually con- 
fiils of two parts, data and quafita. 

Euclid lias an exprefs and excellent treatife of Data ; 
in which he ufci; the word for Inch fpaces, lines, anghs. 
See, as are given ; or to which others can be found . 
equal. 

Euclid’s Data is the firft in order of the books 
that have beer, written by the ancient geometricians, to 
facilitate and promote the method of rcfolulion or ana- 
lvfis. In general a thing is laid to be given which is 
either actually exhibited, or can be found out, that is, 
which is cither known by hypothelis, or that can be 
dcmonltrated to be known: and the propofitious in the 
book of Euclid’s Data fliew what tilings can be found 
out or known, from thole that by hypothelis are already 
known: fo that in the analyfis or inveftigation of a 
problem, from the things that are laid down as given 

or 
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•r known, by tlic help of thefe propofitiona, ft Is dew 
mon ft rated that other things arc given, and from thefe 
lull that others again are given, and fo on, till it is de- 
monftrated that that which was propofed to be found 
out in the problem is given; and when tin's is done, the 
problem is Coked, and its compofition {3 made and de¬ 
rived from the competitions of the Data which were em¬ 
ployed in the anaiyiis. And thus the Data of Eu¬ 
clid arc of the moil gcncial and neceflary ufe in the io- 
lit.nn ot problem:, every kind. 

Mai intis, at the cud of his I’n.Tace to the Data, it 
r.t»ft.ikc*n in ali'crting «hat End: i liar not ufed the Jyn- 
tactical, but the analytical method se. dclivc ring them : 
fur, though in llie aiulylis of a theorem, the thing to 
be demon drat cd i.. a dinned in the anaiyiis; yet, in the 
demtmtlrr.! iei*t of the Data, the thing to be demon- 
firmed, whan in tint funietbing i; given, is never once 
uilumed in the ckimm.'! ration ; tV. i.i which it is mans- 
fetl that every one *..i them is doni.mtlr.iterl iyiltlutic.d- 
3 v : though indeed if a proposition of the Data ho 
turned into a problem, the demonllration of the propor¬ 
tion becomes the analyfts of the problem. .See Simftm’s 
<"d:: 'on of Euclid's Data, which is eileemed the licit. 

DAVES’a the common fea quadrant, or 

back-lied. Sec Bacs-S i ,\i r. See alio Kobe;lion’s 
Navigation, hook 9, feed. 7. 

DAY, a tliv iiion of time arifing front the appearance 
tied difappcnrancc of the fun. 

Day is either natural or artificial. 

j/riifi.ia! Day is that which is primarily meant by 
the word Day, and is the time of its being light, or the 
time while the fun is above the horizon. Though 
form-time:, the twilight is included in the term day¬ 
light ; iigoppofition to night or darkiicfs, being the 
time from the end of twilight to the beginning of day¬ 
light- 

Natural Dtv is the portion of time in which the 
fun prifoiim one revolution round the earth ; or rather 
the time in which the larth makes a rotation on its 
axis.- And this is either allrononical or civil. 

stjlronoiucal Day begins at noon, or when the fun’s 
centre is on the meridian, and is counted 24 hours to 
the following noon. 

Civi' Day is the time allotted for day in civil pur- 
pofes, and begins differently in different nations, but. 
itill including one whole rotation of the earth 0:1 its 
axis ; beginning either at fun-rife, hm-fet, noon, or 
midnight. 

1 ft.. At fun-rifiug,among the ancient Babylonians, Pcr- 
fians, Syrians, and mod other end cm nation-, with tlie 
prel'ent inhabitants of the Baleatie ifland-., ti..- Greeks, 
t'tc. 2tily, At fun-let ling, among th. ancient Athe¬ 
nians and Jew s, with the Aullriam, Bob min.;, Mar- 
comunni, Silclians, modern Italians, and Chinrfc. .idly. 
At noon, with allronomors, rail the ancient Bmbri and 
Arabians. And 4tbly, t.t r.ddm’ght, among the ancient 
Egyptians and Roman:, wuh the moikin Ei.glifh, 
1 'Veneh, Dutch, Germans, Spaniards, and Porlugucfe. 

The day is (livid, d into hours ; and a certain number 
of lavs makes a week, a month, or a y ear. 

The different length «*f the r.atmal day in different 
climates, has been matter of rontroverfy, \i/., whether 
the natural days be all equally long "tln-oi.ghmit the 
year; and if nut, what them udlmuce is : A profeflor 


of mathematics at Seville, in the Philof. Tranf. vol. lo, 
pa. 425, affert8, from a continued feries of obfervalions 
for three years, that they are all equal. But Mr. Flam- 
fleed, iu the fame Tranf. pa. 429, refutes the opinion ; 
and fliews that one day, when the fun is in the equinoc¬ 
tial, is fhorter than when he is in the tropics, by 40 
feconds; and that 14 tropical days are longer than fo 
many equinoctial ones, by 10 minutes. This inequality 
of the days flows from two feveral principles : the one, 
the eccentricity of the earth’s orbit; the other, the ob¬ 
liquity of the ecliptic with regard to the equator, which 
is the menfurc of time. As tlufe two caukv. happen 
to he diheientlv combined, the length of the dav is 
wn.d. See r^UATioN of time. 

Day’s -lCurl, in Navigation, denotes the reckoning 
cr account of the flip’s eourfe, during 24 bom., or 
between noon and noon. 

DEL AGON, a plane geometrical figure of ten fides 
and ten angles. When all the fides and angles are 
equal, it is a regular decagon, and may he iufciibed in a 
tiscle ; otherwde, not. 

If the radius of a circle, or the fide of the infenbed 
lu.x.’g >n, be divided in extreme and mean proportion, 
the gvi ater fegment will be the fide of a dcca. on in- 
feribed in the tame circle. And therefore, a,, the Jide 
of liie decagon is to the radius, fo is the radius to the* 
fum of the two. Whence, if the ladius of the circle be 


r, the fide of tin* iuferibed decagon will he 


y/5-l 


X r. 


If tlw fide of a regular decagon he 1, its area will 
he \\/ 7 t-2 v /5 — 7*f>9^2oh8 ; therefore ns 1 is to 
7*dyq2o8d, fo is the fquare ol tin* lide of any regiik.r 
decagon, to the* area of the fame : fo tlcir, it t be tin* 
fide of fuch a decagon, its area will be equal to 
7*0942088 r\ Set Kfovlar Figure. 

To inferibe a decagon in a circle geometrically. Sec 
my Menfuration, prob. 37, pa. 27, ::d tdit. 

DECEMBER, the lail month of the year; in 
which the fun enters the tropic of Capricorn, making 
the winter folftice. 

In the* time of Romulus, December was the totli 
month; whence the name, vi/., from (heein, ten; for 
the Romans began -their year in March, fioni which 
December is the 10th month. 

The montli <>f Deeemlur was under the protection 
of Wfla. Romuhis alTigned it -to days ; Numa rt- 
dtiC'-d it to 29 ; v.hich Julius CVbi" incr-Mbd to 71. 

At the latter part of this month they had the 'Juve¬ 
niles y.m/i, and the country people kept the feat! ot the 
godd. Is Vanina in the fields, having then gathered in 
thei*. fruits, arid fown their corn; whence it levins is 
derived our popular ft flival called Hart eft-home. 

DECH A EES ( Ci-avd-Fk ancis-Mili u t), an ex¬ 
cellent mathematician, mechanift, and aftronomer, was 
born nt Chanibery, the capital of Savoy, in dm. He 
chiefly execlhd in a jull knowledge of the mathemati¬ 
cal and mechanical fciences : not that he was bent upon 
new difeoveriesi, or happy in making them ; as his 
talent rather lay in explaining tliofc fcicnees with cafe 
and accuracy; which perhaps rendered him equally 
ufcful and deferving of efteem. Indeed it was general¬ 
ly allowed that he made the heft ufe of the productions 
of other nun, and that, he drew the feveral parts of the 
mathematical fciences together with great judgment 
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sncl petTpicuity. It is alfo laid of him, that his pro¬ 
bity was not ii.fc!ior to his learning - ; and that both 
tilde qualitii s made liiin generally admired and beloved 
Dt Paiis, where lor four years together he read public 

mathematical lectures in the college of Clermont.- 

from lienee he removed to Marfcilles, where he taught 
the ait of navigation and the practical mathematical 
feiemws.—l it afterwaid became prolelfor of mathema- 
ticti in tlie tniiverfity of Turin, where he died March 28, 
1678, at 67 years of age. 

Among other works which do honour to his me¬ 
mory, arc, 

1. An edition of fuel id’s Elements ; in which he 
has omitted the lefs important proportions, and ex¬ 
plained the lift s of thofc lie has retained. 

2. A Difcourfe on Fortification; and another on 
Navigation. 

3. Thefe performances, with fonie others, were col¬ 
lected in 3 volumes folio, under the title of MuncUis 
Jilalhemeilieus , being indeed a complete courfc of mathe¬ 
matics. And the fame was afterward much enlarged, and 
pttblillad at Lyons, 1 (<jC, in 4 large volumes, folio. 

DEC’lL, Deciles, an afpedl or pofition of two pla¬ 
nets, when lliey aie biJlant from each other a loth part 
rf the y.odiac, or $6 degrees; and is or.e of the new 
afptcls invented by Kiplcr. 

DECIMALS, any thing proceeding by r tens; as 
Decimal arithmetic, Decimal fractions, Decimal feales. 


6.c. 

Di <1 mai, ylrl’hnu tic, in a general fenfe, may he con- 
fidcred as the common arithmetical computation in ufc, 
in which the decimal feale of numbers is ufed, or in 
which the places of the figures change their value in a 
tenfold proportion, being 10 times as much for every 
place more towards the left hand, or 10 times lefs for 
every place more towards the right ha id; the places 
being fuppokd indefinitely continued, both to the right 
and left. In this fenl'e, the word includes both the 
arithmetic of intcgeis, and decimal fractions. In a more 
reft rained fenfe however, it means onlv 

Dh imai. Fra<t'wns , which ore fractions whofe deno¬ 
minator is always a 1 with fome number of ciphers an¬ 
nexed, more or fewer according to the value of the 
fraction, the numerator of which mav he any number 

1 44 

whatever; as 1 r^ztst 

As the denominator ol a decimal is always one of 
the numbers to, ICO, xcoo, Sec, the inconvenience of 
writing thefe denominators down may lie fnved, by 
placing a proper dilliiuElion before the figures of the ti’.i- 
merator only, to dillinguilh them from integers, for the 
value of each place of figures will he known in deci¬ 
mals, as w'cll as in integers, by their diltanec from the 
ill or unit’s place of integers, having fimiiar names at 
equal dillnnces, as appears by the following feale of 
places, both in decimals and integers: 
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The mark of diflin&fon for decimals, called the Je~ 
paratrix , lias bci 11 various at different times, according - 
to the fancy of (lifferent authors; fometiincs a femi- 
parenthelis, or a lemicrotehet, or a perpendicular bar, 
or the fame with a line drawn under the figures, or 
fimplv this line itfelf, &c ; but it is ufuul now to write 
cither a comma or a full point near the bottom of the 
figures; 1 place the point near the upper part of the 
figures, as was done alfo by Newton ; a method which 
prevents the feparatnx from being confounded with 
mere marks of punctuation. 

In fetting down a decimal fraction without its deno¬ 
minator, the numerator mult coiifi'fl of as many place* 
as there are ciphers in the denominator; and if it has 
not fo many figures, the defedt mull be fupplied by 
fetting before them as many ciphers as will make them 
up fo many : thus T V is *3 ; and 1 , e 4 0 is *14 j and 
is ’cm 4 ; and is -003 5 Sic. 

So that, as ciphers on the right-hand fide of integers 
increafe their value decimally, or in a tenfold propor¬ 
tion, as 2, 20, 2co, See ; fo, when fet on the left-hand 
of decimal fractions, they deercafc the value decimally, 
or in a tenfold proportion, as *2, *02, *002, &c. Hut 
ciphers fet on the other lides of thefe numbers, make 
no alteration in their value, neither of increafe nor dc~ 
creafe, viz, on the left-hand of integers, or on the right- 
hand of decimals ; lb 2, or 02, or 002, &c, are all the 
fame ; as are alfo *2, or *20, or * 2 co, Sec. 

Decimal fractions may be confidered as having been 
introduced by Regiomontanus, about the year 14^14, 
viV, when lie transformed the tables of fines from a 
fcxagcfimal to a deeim.d feale. They were alfo uful 
by Ramus, in his Arithmetic, written in 1550; and be¬ 
fore his time by our countrymen Buckley arid Reconle. 
But it was Stevinus who full wrote ati exprefs treat it e 
on decimals, viz, about the year 1582, in /.a Prr.ttirjuc 
d’v/ritlmrtiqne; finer which time, this lias commonly 
made a part in moll treatifes on arithmetic. 

7 b reduce any Ftdyrr J’ra.Vion, or parts of any thing, 
as fuppofe to a decimal fraction of the fame value ; 
add ciphers at pleafureto the numerator, and divide by 
the denominator: thus, 

8)3*000 


• * »■ —— 3 * 

a t s — i * 

and therefore *375 or is a decimal of the ftimc 

value with the propofed vulgar liaction *. 

Some vulgar fractions t::n never he reduced into de¬ 
cimals without defeat; a:. which by uivilion is 
*33333 &c infinitely. 

Such numbers arc very properly called circulating 
decimals, and rcpctci.ds, h'-caufc ,.f the continual lt tuni 
of the fame figures. See Rrt ; iinhs and Circl - 

LATI-S. 

The common at It time t leal oprratioiis are performed 
the fame way in decimals, ns tlicv arc in integers; 1 c- 
gard being had oi ly to the particular notation, to dif- 
tinguilh the Iradtioual from tlic integral part of a fum. 
Thus, 

In Addition and Subtraction, all figures of the fame 
place or denomination aie fet llraight under each other, 
the leparatrix, or decituai points, forming a llraight co¬ 
lumn. 

In Multiplication, fet down the numbers, and mul- 

tiply 
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tiply them as integers •, and point off from the produfl 
it» many places of decimals as there arc in both factors ; 
prefixing ciphers if there be any defeft of figures. 

In Divifion, fet down the numbers and divide alfo as in 
integers ; making as many decimals in the quotient, as 
their in the dividend are more than thofe in the divifor. 

Examples arc numerous and common in moil books 
of arithmetic. 

Decimal Seales, are any feales divided decimally, 
or by tens. 

DECLINATION, in Allronomy, is the diilance 
of the fun, ilar, planet, &c, from the equinoctial, cither 
northward cr fouthward; being the fame with latitude 
in geography, or diftance from the equator. 

Declination is eitlirr real or apparent, according as 
the real or apparent place of the point or object is con- 
iidered. 

The declination of any point S is an arch of the 
meridian SE, contained between the given point and 
the equinodical EQ. The declination of a liar See, 
is found by knowing or obferv- 
ing the latitude of the place, 
i. c. the height of the pole, and 
then the meridian altitude of the 
«ftar, See; hence the difference 
between the co-latitude and the 
altitude of the llnr&c, is the de¬ 
clination, vi/., the difference be¬ 
tween KH the co-latitude, .and 
SHthcaltitude, isES the declina¬ 
tion. Forex. Tycho found at Uranihourg the meridian 
altitude of Cauda Leonis, viz, IIS = jo° $</ oo" 

the co-latitude is - - HE = 34 5 45 

rcm. decTin. north - - ES=l6 53 15 

To find the Sun's Declination at any time ; having given 
his place in the ecliptic ; the rule is, as radius is to the 
fine of the fun’s longitude, fo is the fine of the greateft 
declination, or obliquity of the ecliptic, to his prefent 
•declination fought. 

In conftrudmg tables of declination of the fun, 
planets, and ftars, regard Humid be had to refraction, 
aberration, nutation, and parallax. 

By comparing ancient obfervations with the modern, 
it appears that the declination of the fixed fiars is va¬ 
riable; and that differently in different liars; for in 
fome it increafcs, and in others decrcafcs, and that in 
different quantities. 

Circles of Declination, are great circles of the 
fphere palling through the poles of the world, on which 
the dccfination is ineafured ; and confcquenlly arc the 
fame as meridians in geography. 

Parallax c/" Declination, is an arch of the circle 
of declination, by which the parallax in altitude in- 
creafes or diminifties the declination of a flar. 

Parallels of Declination, arc leffcr circles parallel 
to the equinodial. The tropic of Cancer is a parallel 
of declination at 23* 28' diilance from the equinoctial 
northward; and the tropic of Capricorn is the parallel 
of declination as far diitant fouthward. 

Refraffion of the Declination, an arch of the circle 
of declination, b y which the declination of a flar is in* 
crcafed or dimuufhed by means of the refraction. 

2 



Declination of the Compafs, or Needle, is its devia* 
tion from the true meridian. See Variation. 

Declination of a Vertical Plane, or Watt, in Dial¬ 
ling, is an arcji of the horizon, comprehended either 
between the plane and the prime vertical circle, when 
it is counted from the call or weft; ov between the 
plane and the meridian, if it be accounted from the 
north or fouth. 

DECLINATOR, or Declinatory, an inftru- 
ment in dialling, by which the declination, inclination, 
and rcclination of planes arc determined. 

DEC 1 .INERS, or Declining Dials, arc thofe 
which cut obliquely, cither the plane of the prime ver¬ 
tical circle, or the plane of the horizon. 

The ufe of declining vertical dials is very frequent; 
becattfc the erect walls of houfes, on which dials arc 
commonly drawn, inoflly decline from the cardinal 
points. But inclincrs and recliners are very rare. 

DECLIVITY, a Hoping or oblique defeent. 

DECREMENT, Equal, of Life. See Comple¬ 
ment of life. 

Decrements arc the fmnll parts by which a varia¬ 
ble and decreafing quantity becomes lets and lei’s. 
The indefinitely final! decrements are proportional to 
the fluxions, which in this cafe are negative. Sec 
Fluxions, alfo Increments. 

DECUPLE, a term of relation or proportion in 
arithmetic, implying a tenfold change or l’cale of varia¬ 
tion, or one thing 10 times as much as another. 

DECUSSATION, a term in geometry and optics, 
fignifying the crofting of any two lines or rays &c: 
or the ad ion itfclf of crofting. 

The rays of light dccuffatc in the chryftallinc, before 
they reach the retina. 

Many of the lines of the 3d order decuffate tliem- 
felves. See Newton’s Enumeration &c. 

DEE (John), a famous mathematician and aftrolo- 
gcr, war. horn at London I 527. In I 342 he was fent 
to St. John’s College, Cambridge. After live years 
clofe application to Ittuly, chiefly in the mathematical 
and ailronwnical fc,cnees, he went over to Holland, to 
vilit foine mathematicians on the Continent; whence, 
after a year’s able nee, he returned to Cambridge, and 
war. there elected one of the Fellows of Trinity College, 
then firll eroded by King Henry the 8tli. In 1548 
he left England a iecond lime, his flay at home being 
rendered uneafy to him, by the fufpicions that weie en¬ 
tertained of his being a conjurer, ariling chiefly from 
his application to allronomy, and from tome mechani¬ 
cal inventions of his. 

He now vifited the univerfity of Louvain ; where he 
was much careflcd, and vifited by fcveral perfons of 
high rank. After two years he went into France, and 
read ledures, in the college of Rheims, upon Euclid’s 
Elements. In 1551, he returned to England, and was 
introduced to King Edward, who afligned him a pen- 
fion of 100 crowns, which he afterward rclinquiflicd 
for the redory of Upton upon Severn. But foon after 
the acccflion of Queen Mary, having fome correfpon- 
dence with her After Elizabeth, he wasaccufcd of prac¬ 
ticing againil the queen’s life by enchantment: on 
which account he fuffered a tedious confinement, and 
was fcveral times examined 5 till, in the year 1555, he 
obtained his liberty by an order of council. 

When 
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When Queen Elizabeth afccnded the throne, Dee 
was confulted concerning a propitious day for the co¬ 
ronation : on which occafion he was introduced to the 
queen, who made him great promifes, which were but 
ill performed. In 1564, he made another voyage to 
the continent, to prefent a book which he had dedicated 
to the Emperor Maximilian. He returned to England 
the fame year; but in 1571 we find him in Lorrain ; 
where, being dangcroufly ill, the queen fent over two 
phyfieians to his relief. Having once more returned 
to his native country, he fettled at Mortlake in Surry, 
where he continued his Undies with much ardour, and 
collided a great library of printed books and manu- 
feripts, with a number of inllruments ; moll of which 
were afterward deftmyed by the mob, as belonging to 
one who dealt with the devil. 

In 1578, the queen being much indifpofed, Mr. Dee 
was fent abroad to confult with German phyfieians and 
philofophers (allrologers no doubt) on the occalion ; 
though fome have faid fhe employed him as a fpy ; pro¬ 
bably he aded in a double capacity. We next find 
him again in England, where he was foon after em¬ 
ployed m a more rational fervice. The queen, defirous 
to be informed concerning her title to thofe countries 
which had been difeovered by Englishmen, ordered 
Dee to confult the ancient records, and to furnilh her 
with proper geographical deferiptions. Accordingly, 
in a ihort time, he prefented to the queen, at Rich¬ 
mond, two large rolls, in which the difeovered coun¬ 
tries were geographically deferibed and hillorfcally il- 
lullratcd. His next employment was the reformation 
. of the calendar, on which fubjedl he wrote a rational 
and learned treatife, preferved in the Afhmolcan library 
at Oxford. 

Hitherto the extravangancies of our eccentrical phi- 
lofopher feem to have been tempered with a tolerable 
. proportion of reafon and fcience ; but henceforward he 
is to be eonfidered as a mere necromancer and credulous 
alchymift. In the year 1581 he became acquainted 
with one Edward Kelly, by wdiofe afiiflancc he per¬ 
formed divers incantations, and maintained a frequent 
imaginary intercourfe with fpirits and angels; one of 
whom made him a prefent of a black fpcculum'(a po- 
li(lied piece of cannfl-coal), in which thefe appeared to 
him as often as he had occafion for them, anfwering his 
quell ions, &c. Hence Butler faya, 

Kelly did all his feats upon 

The devil’s looking-glafs, a flonc. 

Hudibras.. 

In 1583 they became acquainted with a certain 
Polifii nobleman, then in England, named Albert Eafki, 
a perfon equally addicted to the fame ridiculous jiur- 
fuits ; he was fo charmed with Dec and Kelly, that he 
pcil'uadcd them to accompany him to his native coun¬ 
try ; by whole means they were introduced to Rudolph 
king of Bohemia; who, though a credulous man, was 
foon difgulled with their nonfenfe. They were after¬ 
ward introduced to the king of Poland, but with no 
better fuccefs. Soon after this they were entertained 
at the calllc of a rich Bohemian nobleman, where they 
lived for fome time in great affluence ; owing, as they 
afl’erted, to their art of tranfmutation by means of a 
certain powder in the poflcfiion of Kelly. 

Vol. I. 


Dee, now quarrelling with his companion* quitted 
Bohemia, and returned to England, where he was bftce 
more gracioufly received by the queen ; who, in 1595, 
made him warden of Manchcfler college, in which town 
he refided feveral y ears. In 1604 he returned to his 
houfe at Mortlake, where he died in 1608, at 81 years 
of age ; leaving a large family and many works behind 
him. 

The books that were printed and publifiied by Dee, 
arc, 1. Propcrdumala Hphoriflira, &c. in 1558, in 12mo. 
—2. Monns JJirroghphirn ad Regent Rometmrutn Maxi- 

mdianumj 1,64-4. Epi/lola adrximium ducis Urbini ma- 

themrli um, Fred, nann Cmninandinum, prtjixa libello Ma- 
ehoweti Uagdadini de Superfirierum Div'dionibus life; 
i yyo.—4. The Hr',!iff: Mdiarchy, other-wife called. The 
Petty F1 rev Jinv.il; 1576.—5. Preface Mathematical to 
the Lryll/b live,'id, publifiied by Henry Billingflcy, 
157c: certainly a vtrv curious and elaborate compo- 
lition, and where lie lays, many more arts are wholly 
invented by name, definition, property, and ufe, than 
either the Grecian or Roman mathematicians Have left 
to our knowledge.—/>. Divers and many annotations and 
inventions dif/nrfed and added after the loth book of 

Eng ft/h Euclid ; 1570-7. I'.p'tjhda prefix a Ephemeridu 

bus frminis Eeleli a 1557, eiti ratiunem deelaravirat Ephe- 
merides ronferibendi. —8. Paral/alica Comment,vionis Fax- 
tofque Nucleus quid am ; 157;. 

This catalogue of Dee’s printed and publiihed works 
is to be found in his Compendious Rehcarfal ftrV, as well 
as in his letter to Abp. Whirgift: and from the fame 
places might be tranferibed more than 40 titles of 
books unpublifhed, that were written by him. 

DEFENCE, in Sieges, is ufed for any tiling that 
ferves to preferve or fereen the foldiers, or the place. 
So the parapets, flanks, cafemates, ravelins, and out¬ 
works, that cover the place, are called the defences, or 
covens of the place : and when the cannon have beaten 
down or ruined thefe works, fo that the men cannot 
fight under cover, the dcftnccs of the place are faid t* 
be demolifhed. 

Line of Defence, is that which flanks a bullion, 
being drawn from the flank oppofite to it. 

The line of defence fhould not exceed a mufket fliot, 
i. e. iao fathoms : indeed Mclder allows 130, Scheiter 
140, Yauhan and Pagan 150. 

June of Defence,. greater, or fichant, is a line drawn 
from the point of the baflion to the concourfe of the 
oppofite flank and curtin. 

Line of Defence, leffer, or rafant, or Jlanquant , is 
the face of the baftion continued to the curtin. , 

DEFERENT, or Deferens, in the ancient agro¬ 
nomy, an imaginary circle, which, as it were, carries 
about the body of a planet, and is the fame with the 
eccentric ; being invented to account for the eccen¬ 
tricity, perigee, and apogee of the planets. 

DEFICIENT Hyperbola, is a curve having only one 
afymptote, though two hyperbolic legs running out in¬ 
finitely by the fide of the afymptote, but contrary 
wavs. See Curve. 

This name was given to 'the curves by Newton, in 
his Enumeralio Linearum tertii Ordinis. There are 6 
different fpecics of them, which have no diameters, ex- 
prefied by the equation xyy -J- ey =. — ax’ -j- bx * + cx + d, 
the term ax 3 being negative. When the equation ax* 

3 A . zzbx* 
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— be: 3 + ex 1 + dx -I- iee has all its roots real and un¬ 
equal, the curve has an oval joined to it. When the 
two middle roots are equal, the oval joins to the legs, 
which then cut one another in fliape of a noofe. When 
three roots are equal, the nodus is changed into a very 
acute cufp or point. Wlun, of three roots with the 
fame fign, the two grealeil are equal, the oval vanifhts 
into a point. When any two roots are imaginary, 
there is only a pure ferpentine hyperbola, without 
any oval, dccufl'ation, cufp, or conjugate point ; and 
when the terms b and d are wanting, it is of the 6lh 
fpi 

There arc alfo 7 different fpecies of lhefe curves, 
having each one diameter, exprert’ed by the above equa¬ 
tion when the term ey is wanting : according to the 
various conditions of the roots of the equation ax 3 = 
bx 7 -f- cx -f- d, as to their reality, equality, their having 
the fame figns, or two of them being imaginary. 

Dlfiofnt Numbers , are thofc whofe aliquot parts 
added together, make a fum lets than the whole num¬ 
ber : as 8, whole parts 1, 2, 4, m:ike only 7 ; or the 
number 16, whofe parts 1, 2, 4, 8 make only 1 j. 

DEFILE, in Fortification, a narrow line or paffage 
through which troops can pats only in tile, making a 
‘fmall front, fo that the enemy may eafily flop thtir 
march, and charge them with the more advantage, as 
the front and rear cannot come to the relief of one 
another. 

DEFINITION, an enumeration, or fpecification of 
the chief limjile ideas of which a compound idea con- 
fifis, in order to afeertain or explain its nature and 
chamber. 

Definitions are of two kinds ; the one nominal , or 
of the hame ; the other real, or of the thing. 

Nominal Duinition, is an enumeration of fuch 
known characters as are fufficient for dilliuguifhing 
any propofvd thing from others; as is that of a fqnaiv, 
when it is laid that it is a quadrilateral, equilateral, 
rectangular figure. 

Real Definition, a dillinft notion, explaining the 
genefis of a thing ; that is, how the thing i» made or 
done : as is this definition of a circle, vi/., that it. is a 
figure deferibed by the motion of a right line about a 
fixed point. 

DEFLECTION, the turning any thing altar from 
its former courle, by fume adventitious or cxUim.l 
caufe. 

The word is often applied to the tendency of a fliip 
from her true courfe, by realm) of currents, &c, which 
turn her out of her right way. 

Deflection of the Rays of Light, is a property 
which Dr. Hook obferved in 1(175. found it dif¬ 
ferent both from reflection and refraction ; and that it 
was made perpendicularly towards the furface of the 
opacous body. 

This is the fame property which Newton calls in¬ 
flexion. Aik! by others it is culled diJfraHinn . 

DEGREE, in Sllgcbra, is ufed in (peaking of equa¬ 
tions, when they arc laid to he of fuch a degree accord¬ 
ing to the highefl power of the unknown quantity. If 
the index of that power be 2, the equation is of the 
2d degree ; if 3, it is of the 3d degree, and fo on. 

Degree, inGeoinetry or Trigonometry, is the 360th 
part of the circumference of any circle ; for every 


circle is confidered as divided into 360 pans, coiled 
degrees j which are marked by a fmall 0 near the top 
of the figure; thus 45 0 is 45 degrees. 

The degree is fubdivided into 60 fmaller parts, called 
minutes, meaning firll minutes; the minute into 60 
others, called fcconds; the fecond into 60 thirds ; &c. 
Thus 45 0 12 # 20'' are 45 degrees, 12 minutes, 20 
fcconds. 

The magnitude or quantity of angles i-; accounted 
in degrees ; for beeuufc of the uniform curvature of a 
circle in all its parts, equal angles at the centre are 
fubtended by equal arcs, and by limilar arcs in peri¬ 
pheries of different diameters ; and an angle is faid to 
be of fo many degrees, as are contained m the arc of 
any circle comprehended between the legs of the angle, 
and having the angular point for its centre. Thus wc 
fay an angle of 90", or of 45 0 24', or of r2° 20' 30''. 
It is alfo ufual to fay, fuch a ilar is mounted fo many 
degrees above the horizon, or declines fo many degrees 
from the equator ; or fuch a town is iituntc in fo many 
degrees of latitude or longitude.— A lign of the eclip¬ 
tic, or zodiac, contains 30 degrees. 

The divifion of the circle into 360 degrees is ufually 
aferibed to the Egyptians, probably from the circle of 
the fun’s annual courfe, or according to their number 
of days in the year, allotting a degree to each day. 
It is a convenient number too, as admitting of a great: 
many aliquot paits, as 2, 3, 4, 5, 6, 8, y, &c. The 
fexagefimal fubdiviikm, however, has often been con¬ 
demned as improper, by many eminent mathematicians, 
as Stevinus, Oughtred, Wallis, l’riggs, Gcllibrand, 
Newton, Sic ; who advife a decimal diviiion iuilcad 
of it, or elfe that of centefms ; as the degree into 100 
parts, and each of thefe into too parts again, and fo 
on. Stevinus even holds, that this diviiion of the 
circle which he contends for, obtained in the wife age, 
infeenfofapienti. Slew Cofinog. lib. t, def. 6. And 
feveral large tables of fines &c have been con rtr lifted * 
according to that plan, and publiflied, by Briggs, New¬ 
ton, and others. And I myfelf have carried the idea 
llill much farther, in a memoir publiflied in the Pliilof. 
Tranf. of 1 783, containing a propufyl for a new divifion 
of the quadrant, viz, into equal decimal parts of the 
radius; hv which means the degrees or diviiions of the 
arch would be the real lengths of the arcs, in terms of 
the radius : and I have fince computed thole lengths 
of the arcs, with their tines, See, to a great extent and 
accuracy. 

Dit.kkf of Latitude, is the fpacc or diflance on the 
meridian through which an obfener mu ft move, to 
vary bis latitude by one degree, or to increafc or dinii- 
nifh the diflance of a ilar from the zenith by one de- 
grei ; and which, on the fuppolition of the perfect 
Sphericity of the earth, is the 360th part of the incridiau. 

The quantity of a degree of a meridian, or other 
great circle, on the furface of the earth, is varioufly 
determined by different obfeners: and the methods 
made ufe of are alfo various. 

Eratoflhenes, 250 year# before Chrirt, firfl deter¬ 
mined the magnitude of a degree of the meridian, be¬ 
tween Alexandria and Syenc on the borders of Ethiopia, 
by meafuring the diflance between thofe places, and 
comparing it with the difference of a ftar’s zenith dis¬ 
tances at thofc places ; and found it 694 J iladia. 

Pufidonius. 
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Pofidonius, in the time of Pompey the Great, by 
means of the different altitudes of a ilar near the hori¬ 
zon, taken at different places under the fame meridian, 
compared in like manner with the diftance between 
thofe places, determined the length of a degree only 
Coo ftadia. 

Ptolomy fixes the degree at 68 \ Arabic miles, 
counting 7 ' t fladia to a mile. Tin Arabs themfelves, 
who made a computation of the diameter of the earth, 
by nu'afuring the diilauce of two places under the fame 
meridian, in the plains of Senna*’, by order of \lma- 
inon, make it only 56 miles. Kepler, determining the 
diameter of the earth by the diftance of two mountain.’,, 
makes a degree 13 German miles ; but his method is 
far from h< ing accurate* Snell, feeking the diameter 
of the earth fio.n the diilauce between two parallels of 
the equal * ,r, finds the quantity of a degree, 
by one method 57064 Paris toifes, or 342384 feet ; 
by another inctli. 57057 - - toifes, 1^342342 lief. 

The mean between v\ hich two numbers, M. Picard 
found by menfnration, in 1669, from Amiens to Mal- 
voilin, the moll certain, and he makes the quantity of 
a degree 57060 toifi s, or 342360 feet. However, M. 
Caffini, at the king's command, in the year 1700, 
repeated the fame labour, and meaf’uriiig the (pace 
016 ° 18', from the obfervatorj’at Paris, along the me¬ 
ridian, to iho city of Col lion re in Rouffillon,'that the 
greatnefs of the: interval might diminiili the error, 
found the length of the degree equal to 57292 toifes, 
or 3137 j2 Paris feet, amounting to 365184 Englifii 
feet. 

And with this account nearly agrees that of our 
Countryman Norwood, who, about the year 1635, 
mcafured the diilauce between London and York, and 
found that dill a nee 905771 Englilh feet ; the difference 
of latitude being 2 0 2S', hence, he determined the 
quantity of one degree at 367196 Englifii feet, or 
57300 Paris toifes, or 69 miles, 288 yards. See Newt. 
Piiiie. Phil. prop. 19; and Hilt. Acad. Seicnc. anno 
1700, pa. 153. 

M. Callini, the foil, completed the work of mea- 
ftiring the whole arc of the meridian through Prance, 
in j " 1 S. For this purpofe he divided the meridian of 
France into two ares, which lie mcafured feparately. 

'I", one from Paris to Collioure gave him 57097 toifes ; 
the other from Paris to Dunkirk - - 56960; and 

the whole arc from Dunkirk to Collioure 57060, 
the fame as M. Picard’s. 

M. Mufelu nbrock - , in 1700, refolving to corn *51 the 
errors of Snell, found by particular oblervations, that 
the degree between Alcmacr and llergen-op-zoom con¬ 
tained 57033 toifes. 

Mcflieurs Maupertuis, Clairaut, Camus, Monnicr, 
and Out heir of France, were fent on a northern ex¬ 
pedition, and began their operations, affiHed by M. 
Celfus, an eminent atlronomer of Sweden, in Swcdifh 
Lapland, in July 1736, and iinilhed them by the end 
of May following. They obtained the meafiire of that 
degree, whole middle point was in hit. 66° 2o' north, 
and found it 57439 toifes, when reduced to the level 
«f the feu. About the fame time another company of 
philofophers was fent to South America, viz, Mef- 
fienrs Godin, Bouguer, and Condamine of France, 
to whom were joined Don Jorge Juan, and Don An¬ 


tonio de IHloa nf Spain. They left Europe in 1735, 
and began their operations in the province of Quito in 
Peril, about Odlober 1736, and Iinilhed them, after 
many interruptions, about 8 years after. The Spanilh 
gentlemen publifhed a feparate account, and affign for 
the meafiire of a degree of the meridian at the equator 
56768 toifes. M. Bouguer makes it 56753 toifes, 
when reduced to the level of the lea j and M. Con* 
damme lliiiei. it at 56749 toifes. 

M. Caille, being at the Cape of Good Hope in 
1752, found the length of a degree of the meridian 
in lat. 33 0 18' 3.V' (until, to be 57037 toifes. In 1755, 
father Bofcovii.li found the length of a degree in lat. 
43 e math to be 56972 toifes, as mcafured between 
Rome and Rimini in Italy. I11 the year 1740, Meffrs 
Callini and La Caille again examined the former mea- 
fu res in France, and, after making all the neceffary 
corrections, found the meafure of a degree, whofe mid¬ 
dle point is in lat. 39° a' north, to be 57074 toifes ; 
and in the lat. of'45 0 , jt was 57050 toifes. 

Ju 1764, F. ’Beeearia completed the meafurement 
of a portion of the meridian near Turin ; from wdiich 
it is deduced that the length of a degiee, w’hofe middle 
lat. is 44 0 44' north, is 57024 Paris toifes. 

At Vienna, 3 degrees of the meridian were men- 
fureil ; and the medium, for the latitude of 47 0 40* 
north may lie taken at 57091 Paris toifes. See an ac¬ 
count of this meafurement, by father Jofepli I.iefganig, 
in the Philof. Trauf. 1768, pa. 15. 

Finally, in the fame vol. too is an account of the 
meafurement of a part of the meridian in Maryland 
and Penfilvania, North America, 1766, by Meffrs 
M.ifon and Dixon ; from which it follows that the 
length of a degree whofe middle point is 39 0 I2' north, 
was 363763 Luglilh feet, or 56904* Paris toifes. 

Hence, from the whole we may collect the follow¬ 
ing table of the principal meafures of a degree in dif¬ 
ferent parts of the earth, as mcafured by different 
perfons, viz, 


The method of obtaining the length of a degree of 
the lerreftrial meridian, is to meafure a certain diilance 
upon it by a feries of triangles, whofe angles may be 
found by actual obfervat ibn, connected with a bafe, 
whofe length may be taken by an actual furvey, or 
otlierwife; and then to obferve the different altitudes 
3 A 2 of 


Mc.111 

1 ..amide. 

I.rngth of .5 
Degree in 

J’»ii> tones. 

Names of the 
Mcafureis. 

Years of Mea¬ 
furement. 

66° 20 N 

49 23 N 

47 40 N 
45 0 N 

44 44 N 

43 a N 

39 12 N 

0 0 

33 18 S 

574“ 

57 G 7 + 
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5702 8 
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1 736& 1737 
17398c 1740 
1766 

ijSgk 1740 
1760101764 

1752 

1764101768 

1736101744 
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of fomc ftar at the two extremities of that diilance, 
which gives the difference of latitude between them : 
then, by proportion, as this difference of latitude is to 
one degree, fo is the ineafured length to the length of 
one degree of the meridian fought. This method was 
firft praitifed by Eratofthenes, in Egypt. See Geo¬ 
graphy, and the beginning of this article. 

Deck if. of longitude, is the fpace between two me¬ 
ridians that make an angle of i’ with each other at 
the poles; the quantity or length of which is variable, 
according to the latitude, being every where as the co- 
line of the latitude ; viz, as the coline of one lat. is to 
the coiiuc of another, fo is the length of a degree in 
the former lat. to that in the latter ; and from this 
theorem is computed the following Table of the length 
of a degree of long, indifferent latitudes, fuppoling the 
earth to be a globe. 


Degr. 

lat. 

Englifli 

miles. 

iDcgr. 

lat. 

Ensluli 

miles. 

0 -V- 

ki.gluh 

miles. 

0 

69*07 

31 

59 ’ >3 

61 

33*45 

1 

69*06 

32 

58*51 

6 2 

32*40 

2 

69*03 

33 

57*87 

1 &3 

3**33 

3 

6897 

34 

57*20 

64 

3^’ 2 4 

4 

68‘90 

3 ? 

5 6*s 1 

l 6 S 

29* 15 

5 

68*81 

3 <J 

55 -Si 

; 66 

28*06 

6 

68*62 

37 

55MG 

6? 

26*96 

•f 

l 

68*48 

38 

54'37 

68 

25*85 

8 

o8*j 1 

39 

53*62 

69 

24*73 

9 

68-15 

40 

52*85 

70 

23*60 

to 

67*95 

41 

52*07 

i 7 * 

22*47 

11 

67*73 

42 

51*27 

: 72 

21*32 

<2 

67-48 

43 

50*46 

73 

20*17 

* 3 ’ 

67*21 

44 

49’ 6 3 

, 74 

19*02 

f 4 

66-95 

45 

48*78 

; 75 

1786 

»5 

66-65 

46 

47 ’ 9 ? 

! 76 

16*70 

16 

06-31 

4 " 

47*06 

' 77 

15*52 

17 

65-98 

48 

46*16 

i 78 

1 4 ' 3 ) 

18 

65*62 

49 

45*26 

-79 

1 3 ‘ 1 7 

*9 

65*2+ 

50 

44’3 5 

; 80 

1 x* y 3 

20 

64-04 

51 

43 '+ 2 

! St 
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21 

64-4? 

S2 

42*48 

: 82 

9'59 

22 
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53 

4‘*53 

I 8 3 

8*41 

2 3 

63-51 

1 * + 

30*56 

1 O 4 

7*21 

24 

63-03 
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26 

62-02 

57 
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27 
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58 
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59 

35’54 
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60*35 

60 
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NotflVfThis table is computed on the fuppofition that 
the k-ngfw of the degrees of the equator are equal to 
thofc of the meridian at the medium latitude of 45 
which length is 69, V Englilh miles. 

The exprefiions Latitude and Longitude , arc bor¬ 
rowed from the ancients, who happened to be ac¬ 
quainted with a ntuch larger extent of the earth in the 
dire&ion ealt and weft, than in that of north and 
fouth; the former of which therefore patted, with 
them, for the length of the ’earth, or longitude, and 
the latter for the breadth or Ihorter diuienfion, viz, 
the latitude. 


DEJECTION, in Aftrology, is applied to the 
planets when in'their detriment, as altrologcrs fpcak, 
i. e. when they have loft their force, or iullucncc, as is 
pretended, by reafon of their being in oppoiitiou to 
tome others, which check and counteract them. 

Or, it is ufed when a planet is in a fign oppofite to 
that in which it has its greateti effect, or influence, 
which is called its exaltation. Thus, the figu Aries 
being the exaltation of the bun, the oppuiicc lign Tibia 
is its dcjc&ion. 

DE 1 NCJLINERS, or Dfinclinino Dials, arc 
inch as both decline and incline, or recline, at the 
fame time. Suppofe, for inllance, a plane cutting the 
prime vertical circle at an angle of 30 degrees, ami the 
horizontal plane at an angle of 24 degrees, the latitude 
of the place being 53 degrees; a dial drawn on this 
plane, is called a deiucliner. 

DE LI AC AL Problem, a celebrated problem among 
the ancients, concerning the duplication of the cul 

DLLPHINUS, the Dolphin, a conilellation of the 
northern hemifphere; whole ltars, in Ptolon.y’s cata¬ 
logue, arc 10 ; in Tycho’s the fame ; in Hcvelius’s 
14 ; and in EJamflced’s 18. 

DEMETRIUS, a Cynic philofopher, and difciple of 
Apollonius Thyaneus, in the age of Caligula. That 
emperor wiftiing to gain the philofopher to his iutcreft. 
by a large prefent, he refufed it with indignation, fay¬ 
ing, It Caligula wilhes to bribe me, let him lend me 
his crown. Vefpalian was ihlpliaied with his info- 
knee, and banifhed him to an itl.md. The cynic de¬ 
rided the punithmcnt, and bitteily inveiglud . gaiult 
the emperor. 

Demetrius lived to a very great age. And Senna 
obferves, that “ nature li.id brought nini forth to liiew 
mankind that an exalted genius can live .cnirely w uln a:, 
being corrupted by tlie \ice i>l the lurroutuhng world.” 

DEMI -Btijiinn, in Eoriitication, one that ha. only 
one face and one flunk. 

DfcMi-l.ViiiiK/i, and Dr. m \-C::lvirin, names of certain 
fptciesof c c..1011, noiv no longer uled. 

Di.mi Croft, an mUi-uimii'. ufed by ti e Dutch to 
take the altitude if the fun or a ltar at ka ; ii.itcud 
of which we lift the crofs flail, or forell.ilf. 

llLMi-t.Vijr, is hah the gorge or e itranre into trie 
hi-fi inn : not taken directly from angle to a.igic, vhtre 
tlie bullion joins to the cuilin, but from the angle os 
tlie flunk to tin centre of the bail ion ; or tlie angle the 
two curtins would make, were they thus protracted to 
meet in the bullion. 

Dr mi-/.««!» 01 Half-moon, an outvvori ei ucfliug of 
two faces, and two little tw.ks. It k alien built be¬ 
fore the angle of a ball Ion, and fom-. tin. >_s alio before 
the curtin ; though now ii is very felt Inin ufed. 

DEMOCRITUS, one of the guatell phili'A'pliers 
of antiquity, was born at Abdera, a town of Thrace, 
about the 80th olympiad, or about 400 veins before 
Chriil. His father, fays Valerius Maximus, was able 
to entertain the army of Xerxes ; and Diogenes Laer¬ 
tius adds, upon the tellimony of Herodotus, that the 
king, in requital, preJenttd him with fome Magi and 
Chaldeans. From ttieie, itfeems, Democritus received 
the firit part of his education ; and from them, whilft 
yet a hoy, he learned theology and aftronomy. He 
next applied to Leucippus, from whom he learned the 

fyftcm ‘ 
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fjrftem of atoms and a vacuum. His father dying, he 
and his two brothers divided lu's effc&s. Democritus 
made choice of that part which confided in money, as 
being, though the leaf! (hare, tire moft convenient for 
traveling ; and it is faid that his portion amounted to 
more than too talents, which is near 20 thoufand 
ounds iterling. His extraordinary inclination for 
nowledge and the fciences, induced him to travel into 
all parts of the world where he might find learned 
men. He went to viiit the priefts of Egypt, from 
whom he learned geometry: He confulted the Chal¬ 
dean aud Perfian philofophcr.i: and it is faid that 
he penetrated even into India and Ethiopia, to confer 
with the GymnofophilU. In their travels he wafted 
his fubftance ; after which, at his return he was obliged 
for fome time to be maintained by his brother. Settling 
himfelf at Abdera, lie there governed in the moft abfo- 
lute manner, by virtue o( his confummate wifdom. The 
magiftrates of that city made him a prefent of coo ta¬ 
lents, and eredted (latues to him, even in his lifetime : 
but being naturally more inclined to contemplation than 
delighted with public honours and employments, he 
withdrew into folilude and retirement. 

Democritus always laughed at human life, as a con¬ 
tinued farce, which made the people think he was mad; 
on which they fent for Hippocrates to cure him: but 
that celebrated pliylician having difeourfed with the plii- 
lofopher, told the people that he had a great veneration 
for Democritus ; and that, in his opinion, thofc who 
eiteemed tiiemfelves the moft healthy, were the moft 
di (tempered. 

It is faid, though with little probability, that Demo¬ 
critus put out his own eyes, that he might meditate 
more profoundly on philofophical fuhjcdts. He died, 
according to Dioguios Eaertius, in the 361ft year be¬ 
fore the Chi-iilian era, at tc9 years of age. lie was 
the cuthor ot many books, which are loft ; from which 
Ejiii u us borrowed his philofopliy. 

DEM 01 \ RE (Abraham), a celebrated mathema¬ 
tician, of J i■ uell original, but who fpent moft of Ill’s 
lif>- in En, ! i.J. He was horn at Yitri in Champagne 
1667. The 1 evocation of the edict of Nantz, in 1685, 
determined h ; m, with many others, to take duller in 
England ; where he perfected his mathematical itud:is, 
the foundation of which he had laid in lu’s own country. 
A mediocrity of fortune obliged Iron to employ his ta¬ 
lent ill this way in giving h Hons, and reading public 
lectures, for liis better fupport: in the latter part of 
his life too, he chiefly fubdiiled b\ gi.ing anlv.-ers to 
queflions '• chances, play, annuities, &c, and it is laid 
molt of thefe rtfponfes wen delivered at u Codec-lion fe 
in St. MnrtinVlane, • 'u re lie fpent moft of hi:; lime. 
The l’rincipia hiatliematica of Newton, which cluiuee 
is faid to have tiirov, .1 in liis w. v, foon convinced De- 
moivre how little he h; d advanced in the tcVuce lie 
proteffed. This indue, d him to redotdile liis applica¬ 
tion; which was nttendid by a eoniiderable degree of 
fuecefs; and he foon lv-came connedted with, and ce¬ 
lebrated among, the tirfl rate mathematicians. His 
eminence and abilities in this line, opened him an en¬ 
trance into tile Royal Society of London, and into the 
academies of Berlin and Paris. By the former his 
merit was lo well known and cileemed, that they judged 
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him a fit perfon to decide the famous confeft between 
Newton and Leibnitz, concerning the invention of 
Fluxions. 

The colleftion of the Academy of Paris contains no 
memoir of this author, who died at London Nov. 1754, 
at 87 years of age, foon after his admiflion into it. But 
the Philofophical Tranfaftiona of London have fcvcral, 
and all of them interefting, viz, in the volumes 19, 20, 
22, 23, 25, 27, 29, 30, 32, 40, 41, 43. 

l ie publifhed alfo fome very refpc&ablc works, viz, 

1. MifccUanea e.Inalylira, de Serb bits & Shiadraturis 
hfc; 1730, in 4to. But perhaps he has been more ge¬ 
nerally known by his 

2 . Dotirme of Chances ; or. Method of Calculating the 
Probabilities of Events at Play. This work was firft 
printed, 1718, in 4to, and dedicated to Sir Ifaac New¬ 
ton: it was reprinted in 1738, udth great alterations 
and improvements ; and a third edition was afterwards 
printed. 

3. Annuities on Lives ; firft printed 1724, in 8vo.— 
In 1742 the ingenious Thomas Simpfon (then only 
33 years of age) publifhed his Dotlrine of Annuities and 
Kevcrfmns ; in which he paid fome handfomc compli¬ 
ments to our author. Notwithftanding wlu’ch, De¬ 
mon-re prcfently brought out a fecund edition of his 
Annuities, in the preface to which Ik- puffed fome harfh 
reflections upon Simpfon. To thefe the latter gave a 
handfomc and effectual aufivcr, 1743, in An Appendix , 
containing fame Remarks on a late book on the fame fubjeCl, 
•with anfavits to fame prrfonal and malignant mifrt prefent a- 
lions, in the preface thereof At the end of this anfwer, 
Mr. Simpfon concludes, “ Lnfliy, 1 appeal to all man¬ 
kind, whether, in his treatment of me, he has not dil- 
covered an air of fcJffuffieieney, ill-nature* and inve¬ 
teracy, unbecoming a gentleman.” Here it would 
feem the controveriy dropped : Mr. Dcnioivre pub¬ 
lished the 3d edition of his bouk in 1750, without any 
farther notice of Simpfon, but omitted the oflenfivc re¬ 
flections that had been in the preface. 

DEMONSTRATION, a certain or convincing 
proof of fome piopolilion : fucli as the d.-uu mirations 
of the propolitions in Euclid’s Elements. 

The method of dnnouft rating in nulhei lat’cs, is 
the fame with that of drawing concluil.ms fruni n inei- 
ples in logic. Indeed, the dtmonfliutbins of aathema- 
tieians are 110 other than funs of cnlhyii.Lii : evei c 
thing is concluded by force ot iyilogi'm, only omitting 
the premiles, which either oi etir ot their own aecoui, 
or arc recollected by means of (|uotations. 

DENDfiOMLITER, an iullrume.it lately invented 
by Mcffrs Duiieombe and Whine) ; lo called, fiom its. 
life in mealuiing trees. 

DENEB, an Arabic term, fignifying tail ; uied by 
aftrcuiomers as a name to fome ol the fixed liars, but 
cfpecially for the bright liar in the I Jon’s tail. 

DENOMINATOR, of a fraction, is the number or 
quantity placed below the line, which fliews the whole 
integer, or into how many parts the integer is fup- 
poled to be divided by the fraction ; as that which gives, 
denomination or name to the parts of the fraction. 
Thus, in the traction .b, five-twelfths, the number 1 2 
is the denominator, and flu ws that the integer is here 
divided into 12 parts, or that it couiiils of 12 of thofe 

part* 
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parts of which the numerator contains 5. Alfo 4 is 

1 he denominator of the fraction ~ . 

b 

I)KKO mina tor of a ratio, is the quotient arifing from 
the divilion of the antecedent hy the confcqucnl. Thus, 
fy is the denominator of the ratio 30 to 5, becaufc 30 
divided hy 5 gives 6. It is olhervrifc called the c.\j>o- 
rirn* o f the ratio. 

DENSITY, that property of bodies, hy which they 
contain a certain quantity of matter, under a certain 
bulk or magnitude. Accordingly a body that con¬ 
tains more matter than another, under the fame bulk, 
is laid te l,e derfer than the other, and that in propor¬ 
tion to the quantity of matter; or if the quantity of 
matter be the fame, but under a lefs. bulk, it is faid to 
be deiifer, and fo much the more fo as the bulk islets. 
So that, i.i general, the denfity is di.rd’y pi opt 1 li.ir.al 
to the m;:f;i 01 cm -tity of matter, and reciprocally or 
iiivnh.lv piop.-'i 1 iniial to the bulk or magnitude under 
which it i„ contained. 

The qmintith. of matter in bodies, or at lead the 
pioportfons of tii an, are known by their gravity or 

iglit ; every equal particle of matter being endowed 
with an equal gravity, it is inferred that equal mafles or 
quantities of matter have an equal weight or gravity ; 
and unequal maflls liave proportionally unequal weights. 
So that, when ho !y, or nrnlV, or quantity of matter is 
fpoken t>f, we are to underhand their weight or gra¬ 
vity. 

Vrom the foregoing general proportion of the denfity 
of 1 odies, vi/., that it is as the rnafs directly, and as the 
bulk inverfely, may be inferred the proportion of the 
tnalfes, or of the magnitudes ; vi 7., that the mats or 
quantity <Sf matter, is in the compound ratio of the 
bulk and denfity; and that the bulk or mngnit -de, is 
ns the mafs direitly, and the denfity inverfely. Hence, 
if B, b be two bodies, or mafles, or weights ; 
and D, cl their refpeftive denfities ; 
alfo M, m their magnitudes, or bulks : 

Then the theorems above are thus exprefied, 

vi/, D oc ami I) oc DM, and M oc ; 

orD : d .; -^ r ; —, and B : l :: DM : dm, &c ; 

M m 

D B«i . B DM , M B .7 
or — = - , and — = —-—,and-= — 

a 4M b dm m 41) 

X-vO body is abfolutely or perfectly denfe ; or no fpacc 
is perfectly full of matter, fo as to have no vacuity or 
interlaces ; 011 the contrary, it is the opinion of Newton, 
that even the dnifeft bodies, as gold See, contain but a 
fmall portion of matter, and a very great portion of va- 
cuitv ; or that it contains a great deal more of pores or 
empty fpacc, than of real fubftance. 

It lias been obferved above, that the relative denfity 
of bodies may be known by their weight or gravity ; 
and hence the moil general way of knowing thofc den- 
iities, is by actually weighing an equal bulk or magni¬ 
tude of the bodies, whether folid or fluid ; if folid, by 
ihaping them to the fame figure and dimenfions ; if 
fluid, by filling the fame vcfl’el with them, and weigh¬ 


ing it, 


For fluids, there are alfo other methods of finding 


their denfity: as ill, hy making an equilibrium between 
them in tubes that communicate; for, the diameters 
of the tubes being equal, and the weights or quantities 
of matter alfo equal, the denfities will be inverfely as 
the altitudes of the liquids in than, that is inverfely as 
the bulk. 

2dly, The drnfitics of fluids are alfo compared to¬ 
gether by iminergmg a folid in them; for if the folid 
be lighter than the liquids, the part immerged by its 
own weight, w ill be inverfely as the denfity of the fluid} 
or if it be heavier, and fink in the liquids, by weighing 
it in them ; then the weights loll by the body will be 
diret.lly proportional to the dciifilie,; of the fluids. 

Density of the /.ir . is a property that has much em¬ 
ployed the later philofiqiiu i s, fince the difeovery of the 
Torricellian experiment, and the air-pump. By means 
of the baron, rter it is dcmouliratid that the air is of the 
lame denfity . all places at tiie fame distance from the 
level of the lea : provided the temperature, or degree 
of heat, be the hi. c. Alio the .leutitv of the air al- 
ways incre-afes m proportion to the compreliion, or the 
comprcJling fore.And hence the lower parts of the 
atinofphcic arc always denier than the upper: yet the 
dcf.iiii of the lower air is not exactly proportional to 
the weight of the atniolphcrc, by reaion of beat ami cold, 
which make conliderahle alterations as to rarity and 
<iinlitv ; lo that the baromiter mcaluivs the tlailieity 
of the air, rather than its dculitv. If the height of the 
barometer he conlidcrcd as the incaltire both of the 
denfity and clailicity of the air, when the thermometer 
is at ^ 1 and/' be any other height ol the barometer, 
when the thermometer is at / degrees; then in this calc, 
b is the meafure of the claftivitv, 

and ——■- -b is the meafure of the denfity of the air. 

4.15 

Density of the Planets. Inhomogeneous, unequal, 
fpbcrical bodies, the gravities on their furfaees, are as 
their diameters when the denlUiet; are equal, or llie: gra¬ 
vities tire as the denfities when the hulks are equal ; 
therefore, in fpheres of unequal magnitude and denfity, 
the gravity is in the compound ratio of the diameters 
and deufi.'ies, or the denfities are as the gravitiis divided 
by the diameter::. Knowing therefore the diameters of 
the planets by observation and rempaiifon, and the gra¬ 
vities at their fuilace by means of the revolution of the 
faUHites, the 1 elation of their denfitier becomes known. 
And as I have found the mean denfity of tile earth to be 
about 4' times that of water, Pbilof. Trjnf. 1778; 
lienee the duiiiius of the planets, with refpefl to water, 
become know 11, and are as below: 

Denfitirs. 

Water - - 1 

The Sun - - i/j. 

Mcrcury - - yj;. 

Venus - - 5 * -J- 

The Earth - - 4J, 

Mars - - 3,7 

The Moon - 3 ,‘ T 

Jupiter - - ifjf 

Saturn - - oj£ 

Georgian Planet - o 

As it is not likely that any of thefc bodies are homo- 

geucaJ, 
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geneal, the dcnfitiesherc determined are fuppofedto be 
the mean denfitics, or fuch as the bodies would have if 
they were homogcneal, and of the fame mafs of matter 
and magnitude. 

DENTICLES, or Dentils, are ornaments in a 
cornice, cut after the manner of teeth. Tiiefe are moll* 
ly affected in the Ionic and Corinthian orders; and of 
late alfo in the Doric. The fquarc member on which 
they are cut, is called the Denticule. 

DEPARTURE, in Navigation, is the ending or well¬ 
ing of a fhip, with regard to the meridian flic departed or 
failed from. Or, it is the difference in longitude, either 
eafl or weft, between the prefent meridian the fhip is 
under, and that where the laft reckoning or obfervation 
was made. This departure, any where but under the 
equator, mull be accounted according to the number 
of miles in a degree proper to the parallel the fliip 
is in. 

The Departure, in Plane and Mercator’s Sailing, is 
always represented by the bale of a right-angled plane 
triangle, where the courfe is the angle oppofite to it, and 
the dillar* failed is the hypothenufe, the perpendicu¬ 
lar or other legTjeing the difference of latitude. And 
then the theorem for finding it, is always this: As ra¬ 
dius is to the fine of the courfe, fo is thediftance failed, 
to the departure fought. 

DEPRESSION of the Pole, So many degrees See 
as you fail or travel from the pole towards the- equa¬ 
tor, fo many it is faid you deprefs the pole, becaufe it 
becomes fo much lower, or nearer the horizon. 

Depression of a Star, or of the Sun, is its dillance 
below the horizon ; and is mealiired by an arc of a ver¬ 
tical circle, intercepted between the horizon and the 
place of the liar. 

Depression of the Vfdde Horizon, or Dip of the 
Horizon, denotes its finking or dipping below the true 
horizontal plane, by the observer's eye being raifed 
ahovt the furfucc of the fea ; in confequeuce of which, 
the obferved altitude of an object is by fo much too 
great. 

Thus, the eye being at E, 
the height AE above the lurface 
of the earth, whole centre is C ; 
then Ell is the real horizon, and 
E/> the vifible one, below the for¬ 
mer by the angle ill'll, by realon 
of the elevation AE of the eye. 

To compute the Deprejfwn or Dip of the Horizon. 

In the right-angled triangle CEA, are given Qh the 
earth’s radius = 2IOOOOOO feet, and the hypothenufe 
(JE = the radius increased by the height AE of the 
eye ; to find the angle C which is — the angle HE A, or 
depreflion fought j 

viz, as Ch : CE : : radius : fee. C C, 
or as CE : Ch : : radius : coiin. <1 C. 

By either of thefe theorems are computed the num¬ 
bers in the following table, which (hews the depreflion 
or dip of the horizon of the fea for different heights of 
the eye, from 1 foot to 100 feet. 


Height 
of the 
eye 

Dip of 
the 

horizon 

Height 
of the 
eye 

Dip of 
the 

horizon 

Height 
of the 
eye 

Dip of 
the 

horizon 

feet 

9 

feet 

' // 

feet 

' /' 

I 

0 57 

*3 

3 26 

26 

4 52 

2 

I 21 

*4 

3 34 

23 

5 3 

3 

‘ 39 

»5 

3 42 

3<> 

5 24 

4 

' SS 

16 

3 49 

35 

5 39 

5 

2 8 

l 7 

3 5 6 

40 

6 2 

6 

2 20 

li 

4 3 

45 

6 24 

7 

2 31 

*9 

4 10 

5° 

6 44 

8 

2 42 

2D 

4 16 

i 60 

7 23 

9 

2 >2 

2 I 

4 22 

1 7° 

7 S9 

10 

3 1 

22 

4 28 

] 80 

* 32 

11 

3 to 

23 

4 34 

; 9° 

9 3 

12 

3 18 

24 

4 4° 

; 100 

9 33 


See Robertfon’s Navigation, book 9 appendix ; and 
Tables requisite to be ui'ed with the Nautical Epheme- 
ris, pa. 1. See alio Levelling. 

DEPTH, the oppoiite of Height, and one of the di« 
menfions of bodies, or of fpacc. See Heig ht. Alti¬ 
tude, Elevation, &c. 

DERHAM (Dotffor William), an eminent Eng- 
lifii philofopher and divine, was born at Stowton, near 
Worcetter, 1657, and educated in Trinity College, Ox¬ 
ford. In 1682, lie was preiented to the vicarage of 
Wargrave in Berklhire ; and, in i6Sy, to the valuable 
redtory of Upminfter in Effex } which, lying at a con¬ 
venient dillance from London, afforded him an oppor¬ 
tunity of converting and correfponding with the princi¬ 
pal literary geniufes of the nation. Applying himfclf 
there with great eagernels to the purfuit of .his fludies 
in natural and experimental philofophy, he foon became 
a diltiuguilhcd and ufeful member of the Royal Society, 
whole l’hilolophic;d Tranfactious contain a great variety 
of curious and valuable pieces, the fruits of his laudable 
indultry, in all or moil of the volumes* from the 20th 
to the 39th, both inclulive ; the principal of which are : 

1. Experiments on the Motion of IV.malums ia 
vacuo. 

2. A Defeription of an iuilrument for finding the 
Meridian. 

3. Experiments and O', f.nations on the Motion oi 
Sound. 

4. On the Migration of Birds. 

5. Hillary of the Spots in the Sim, from 1 ro \ to 

I ? 11 * 

6 . Obfervati.ms on the Koithcru Lights, O.H. 8, 
1.726, and Oft. 13, 

7. Tables ol ttie Eclipfcs of Jupitci's Sale!illc,x. 

8. The difference of Time in the meridian of dinure.:t 
places. 

9. Of the meteor called Ignis Fatuus. 

10. The Hillory ol the Death Watch. 

11. Meteorological Diaries for feveral years. 

In his younger days he published his Artificial Cluck- 
maker, a very ufefwl little work, that has gone through 
feveral editions. In 1711, 1712, 1714, lie preached 
thofe fermons at Boyle’s leilure, which he afterward 
digelled under the well-known titles of Pbvj-.v-Theology 
and jijlra-T heology, or Demonftratious of the being and. 

attribute*. 
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Attributes of God, from his works of creation, and a fur- 
vcy of the heavens. 

In 1716 he was made a canon of Windfor, being 
.it that time chaplain to the Prince of Wales; and in 
17 30 received,from the univerfitv of Oxford, the degree 
of Doitor of Divinity. He reviled the Mifcellanea Cu¬ 
rl oft t in 3 vols 8vo, containing many curious papers of 
Dr. Halley and fevernl other .ingenious philofophers. 
To him alfo the world is indebted for the publication of 
the Philofophical Experiments of tin- late eminent Dr. 
Hooke, and other ingenious men of his time ; as well 
as notes and illuftrations of feveral other works. 

Dr. Deri.am was very well (killed in medical as well 
as in phy Ileal knowledge ; and was conflantly a phyfi- 
cian to the bodies as well as the fouls of his pariihioners. 
This great and good man, after fpending his life in the 
mod agreeable and improving il udy of nature, and the 
diligent and pious difeharge of his duty, died at Up- 
jr.irfler in 1735, at 78 years of age. 

DESAGDLIERS (John Tiuopiui.us), an emi¬ 
nent experimental philofopher, was the fon of the Rev. 
John Defaguliers, a French Protedant refugee, and bom 
at Rochelle in 1683. His father brought him to Eng¬ 
land an infant; and having taught hint the dailies ltim- 
•felf, he fent him at a proper age to Chrift-church Col¬ 
lege, Oxford; where in J702 liefucceeded Dr. Keil in 
reading lectures on experimental philofophy at Hart 
Hall. In 1712 he married, and fettled in London, when 
he fir ft of any introduced the reading of led tires in ex¬ 
perimental philofophy in the metropolis, which he con¬ 
tinued during the red of his life with the greateft ap- 

I tlaufe, having feveral times the honour of reading his 
c-dures before the king and royal family. In 1714)10 
was elected F. R. S. and proved a very ufeful member, 
as appears from the great number of his papers that, are 
printed in their Pltiluf. Tranf. on the fubjeds of optics, 
mechanics, and meteorology. The magnificent duke 
ofChandos made Dr. Defaguliers his chaplain, andpre- 
fented lum to the living of Edgware, near his feat at 
Cannons; and he became afterward chaplain to Frederick 
prince of Wales. In the latter part of his life, he re¬ 
moved to lodgings over the Great Piazza in Covent 
Garden, where he carried on his ledures with great fuc- 
oefs till the time of his death in 1749, at 66 years of 
agf- 

He was a member of feveral foreign academies, and 
corrcfponding member of the Royal Academy of 
Sciences at Paris ; from which academy he obtained the 
prize, propofed by them for the bed account of eledri- 
city. He communicated a multitude of curious and va¬ 
luable papers to the Royal Society, for the year 1714 to 
1743, or from vol. 29 to vol. 42. 

Bcfide thofc numerous communications, he pitblilhcd 
a valuable Courfe of Experimental Philafvphy, 1734, in 
2 large vols. 4to ; and gave an edition of Gregory's Ele¬ 
ments of Catoptrics and Dioptrics , with an Appendix on 
Refleding Telefcopes, 8vo, 1735. This appendix con¬ 
tains fome Original Letters that pafled between Sir 
Ifaac Newton and Mr. James Gregory, relating to thofc 
telefcopes. 

DESCENDING, a going or moving from above, 
downwards. 

There are afeending and defeending liars, and amend¬ 
ing and defeending degrees, &c. 


Descenoinc Latitude , is the latitude of a planet in 
its return from the nodes to the equator. 

DESCENSION, in Altronomy, is cither right, ot 
oblique . 

Right Descension is a point, or arch, of the equa¬ 
tor, which defeends with a liar, or fign, below the hori¬ 
zon, in a right fphere, and 

Oblique Descension is a point, or arch, of tbr equa¬ 
tor, which defeends at the fame time with a liar, or 
fign, below the horizon, in an oblique fphere. 

Dcfcenfions, both right and oblique, are counted 
from the full point of Aries, or the vernal intci fiction, 
according to the order of the figns, i. e. from well to 
call. And, as they are unequal, when it happens that 
they anfvver to equal arcs of the ecliptic, as for example 
to the 12 figns of the zodiac, it follows, that fometimes 
a greater part of the equator rifts or defeends with a 
iign, in which cafe the fign is faid to afeend or defectul 
rightly: and fometimes again, alcfs part of the equator 
rifes or fets with the fame figs, in which cafe it is 
faid to afeend or defeend obliquely. See Ascen¬ 
sion. 

Refraftion of the Descension. See Refraction. 

Descensionai. Difference, is the difference between 
the right and oblique defeenfion of the fame liar, or 
point of the heavens. 

Descent, or Fall, in mechanics, &c, is the motion, 
or tendency, of a body towards the centre of the earth, 
either directly or obliquely. 

The defeent of bodies may be confidercd either as 
freely, like as in a vacuum, or as clogged or refilled by 
fome external force, as an oppoling body, or a fluid 
medium, &c. 

ill, If the body l defeend freely, and perpendicular¬ 
ly, by the force of gravity; then the motive force urg¬ 
ing it downwards, is equal to its whole weight b ; and 
the quantity of matter being b alfo, the accelerative 

force will be — or I. 
b 


2dly, If the body b defeending, be oppofed by fome 
mechanical power, fuppofc a wedge or inclined plane, 
that is, in [lead of purfuing the perpendicular line of 
gravity, it is made to defeend in a Hoping dirediion 
down the inclined plane : then if the fine of the angle 
the plane makes with the horizon be s, to the radius 1, 
the motive force urging the body down the plane will 


be Is ; and therefore the accelerative force is —— or s ; 


which is lefs than in the former cafe in the proportion 
of i to t. 

3dly. In a medium, a body fufpended lofes as much 
of its weight, as is the weight of a like hulk of the 
medium; and when defeending, it lofes the fame, be- 
fide the obltrudtion arifing from the cohefion of the 
parts of the medium, and the oppoling force of the 
particles 11 ruck, which laft produces a greater or Ids 
rcfillance, according to the velocity of the motion. But, 
the weight of the body being b, and that of a like bulk 
of the fluid medium m, the motive force urging the 
body to defeend, is only b — m ; that is, the body only 
falls by the excefs of its weight above that of an equal 
bulk of the medium. 

Hence, the power that fullaina a body in a medium. 
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is pqual to the exccfs of the abfolute weight of the body 
above an equal bulk of the medium. Thu*, a piece of 
copper weighing 47{lb, lofes 5{lb of it* weight in 
water: and therefore a power of 421b will fuftain it 
in the water. 

4thly, If two bodies have the fame fpecific gravity, 
the lefs the bulk of the defeending body is, the more 
of its gravity does it lofe, and the flower does it de- 
feend, in the fame medium. For, though the propor¬ 
tion of the fpecific gravity of the body to that of the 
Buid be Hill the fame, whether the bulk be greater or 
lefs, yet the fmaller the body, the more the furface is, 
in proportion to the mafs; and the more the furface, 
the more the refiftance of the parts of the fluid, in 
proportion. 

5thly, If the fpecific gravities of two bodies be dif¬ 
ferent ; that which has the great eft fpecific gravity will 
defeend with greater velocity in the air, or refilling me¬ 
dium, than the other body. Thus, a ball of lead dc- 
feends fwifter than wood or cork, becaufe it lofes lefs 
of its weight, though in a vacuum they both fall equally 
fwift. 

The caufe of this defeent, or tendency downwards, 
has been greatly controverted. Two oppoiite hypothefes 
have been advanced ; the one, that it proceeds from an 
internal principle, and the other from an external one: 
the firfl is maintained by the Peripatetics, Epicureans, 
and the Newtonians; and the latter by the Cartefiant 
and Gaflendifts. See alfo Acceleration. 

Law of Dkscf.xt of Bodies . 

I ft. Heavy bodies, in an unrefifling medium, fall with 
an uniformly accelerated motion. For, it is the nature 
of all conilant and uniform forces, fuch as that of gra¬ 
vity at the fame diftance from the centre of the earth, to 
generate or produce equal additions of velocity in equal 
times. So that, if in one fccond of time there be pro¬ 
duced 1 degree of velocity, in 2 feconds there will be 
2 degrees of velocity, in 3 fcconds 3 degrees, and fo on, 
the degree or quantity of velocity being always propor¬ 
tional to the length of the time. 

2nd, Thefpace defeendedby an uniform gravity, in 
any time, is juft the half of the fpacc that might be 
uniformly described in the fame time by the laft velocity 
acquired at the end of that time, if uniformly continued. 
For, as the velocity inereafes uniformly in an arithme¬ 
tic progreflkm, the whole fpace defeended by the va¬ 
riable velocity, will be equal to the fpacc that would 
he deferihed with the middle velocity uniformly con¬ 
tinued for the fame time; and this again will be only 
half the fpace that would be defevibed with the laft 
velocity, alfo uniformly continued for the fame time, 
bccaufc the laft velocity is double of the middle velocity, 
being produced in a double time. 

3d, The fpaces defeended by an uniform gravity, in 
different times, are proportional to the fquares of the 
times, or to the fquares of the velocities. For the 
whole fpacc defeended in any number of particles of 
time, confifts of the fums of all the particular fpaces, 
or velocities, which are in arithmetical progreflkm ; but 
the fum of fuch an arithmetical progrrflioii, beginning 
at o, and having the laft term and the number of 
terms the fame quantity, is equal to half the fquare 
of the laft term, or of the number of terms : therefore 
‘ Voi.. I. 


the whole fums are as the fquares of the times, or of the 
velocities. 

This theory of the defeents by gravity was firfl. 
difeovered and taught by Galileo, who afterwards con¬ 
firmed the fame by experiments ; which have often 
been repeated in various wavs by many other perfous 
fince his time, as Grimaldi, Riccioli, Huygens, Newfon, 
and many others, all confirming the fame laws. 

The experiments of Grimaldi and Riccioli were made 
by dropping a number of balls, of half a pound weight, 
from the tops of feveral towers, and meafuring the times 
of falling by a pendulum. Ricciol. Almag. Nov. tom. 
1 lib. 2, cap. 2i, prop. 4. An abftra.il of their expe¬ 
riments is exhibited here below: 


Vibration! 

of the 
fcndulum 

The time 

Space at the 
end ol the 
lime 

Space 
defeended 
each time 


II 

/" 

Rom. feet 

Rom. feet 

5 

O 

5 ° 

10 

10 

10 

l 

40 

40 

3 ° 

*5 

2 

3 ° 

90 

50 

20 

3 

20 

160 

70 

25 

4 

10 

250 

90 

r> 

1 

0 

*5 

*5 

12 

2 

0 

60 

45 

18 

3 

0 

*35 

75 

24 

4 

0 

240 

_L £5 _ 


The fpace defeended by a heavy body in any given 
time, being determined by experiment, is fufficient, in 
connexion with the preceding theorems, for determin¬ 
ing every inquiry concerning the times, velocities, and 
fpaces defeended, depending on an uniform force of 

f ravity. From many accurate experiments made in 
Ingland, it has been found that a heavy’ body defeends 
freely through 16 feet 1 inch, or 16-* feet, 111 the firft 
fccond of time ; and confequently, by theorem 2, the 
velocity gained at the end of 1 fccond, is 32£ feet per 
fccond. Hence, by the fame, and theorem 3, the ve¬ 
locity crained in any other time t is 32 £/, and the fpace 
defeended is 16So that, if v denote the velocity, 
and s the fpace due to the time /, and there be put 
£ = 16 r j ; then 


is v — 2 gt =s 



o* 

S = gt* = — = {tv. 

AS 



The experiments with pendulums give alfo the fame 
fpace for the defeent of a heavy body in a fccond of 
time. Thus, in the latitude of London, it is found by 
experiment, that the length of a pendulum vibrating 
fcconds is juft 394 inches ; and it being known that the 
circumference of a circle is to its diameter, as the time 
of one vibration of any pendulum, is to the time in 
which a heavy body will fall through half the length of 

the pendulum ; therefore as ? • 1416 : 1 :: 1 : - - — ■ 

. 3**416 

which is the time of defeending through 19 -A inches, or 
3 R half 
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half ilic length of the pendulum; then, fpaccs bring 

as the Aniarcs of the times, as --—— : 1* :: 10 X. ; 

1 3M416 1 

193 inches, or 16 feet 1 inch, which therefore is the 
(pace a heavy body will defeend through in one fecund; 
the vny fame as before. 

4th, For any other conftant force, iaftcad of the per- 
pendicular free defeent by gravity, find by experiment, 
or other wife, the fpacc defeended in one feeond by that 
force, and fubftilutc that iiiflead of 16,* ;: for the value 
of g in tliefe formula; : or, if the proportion of the 
force to the force of gravity be known, let the value of 
g be altered in the fame proportion, and the fame for¬ 
mula will Hill hold good. So, if the defeent be on an 
inclined plane, making, for inllance, an angle of 30° 
with the horizon ; then, the force of defeent upon the 
plane being aba ays as the line of the angle it makes 
with the horizon, in the prefeut cafe it will he as the 
fine of that is, as ' s tlu radius ; therefore in this 
cafe the value ofg wiil be hut half the former, Sj 1 ,', in 
all the foregoing lormul.e. 

Or, if one body defeending perpendicularly draw ano¬ 
ther after it, by means of a and Hiding over a pulley ; 
then it will he, as the Ann of the two bodies is to the 
defeending’ body, fo is if), 1 , to the value oi " in this 
cafe; which value of it hung nfcd in the faicl for- 
ntul.'-, they will llill hold good. And in like man¬ 
ner for any other coitllatit forces whatever. 

ytn, The time of the oblique dclcm’. down any chord 
of t: circle, drawn either from the upjx-nr.oll point or 
lowerinoil point of the circle, is eepud to the perpendi¬ 
cular defeent through the diameter of the circle. 

6th. The defeent, or vibration, through all arcs of 
the fame’cycloid are equal, whether great or finull. 

7th. But the defeent, or vibration, through unequal 
ares of a circle, are unequal ; the times being greater in 
the greater ares, and lefs in the left. 

Mil, For Defcents by Forces that are variable, fee 
Forces, &c. See alio {nclinui Plane, Cycloid, 
Pendulum, &c. 

Line of Swiftejl Dr scent, is that which a Ixidy, 
falling by the action of gravity, dcirribis in the ihorleil 
time poffiblc, from one given point to another. And 
this line, it is proved by philofophers, is the are of a cy¬ 
cloid, when the one point is not perpendicularly over 
the other. See Cycloid. 

DESCR 1 BENT, a term in Geometry, fignifying a 
line or fuperficies, by the motion of which a iuperfi- 
cies or folid is defetibed. 

DETF.NTS, in a clock, are thofe flops which, by 
being lifted up or let down, lock and unlock the clock 
in itriking. 

Detent-W ire/, or Hoop -Wheel, that wheel in a 
clock which has a hoop almofl round it, in which there 
is a vacancy, where the clock locks. 

DETERMINATE Number. SccNumrer. 

Determinate Problem , is that which has but one 
■folution, or a certain limited number of folutions ; in 
eontradiftindh'on to an indeterminate problem, which 
admits of infinite folutions. 

Such, for inftance, is the problem, To form an 
ifofceles triangle on a given line, fo that each of the 
‘ angles at the bale (hall be double of that at the ver- 

4 


trx ; which has /inly one folution : or this. To find m» 
il.'feeles triangle wliofe area and perimeter are. jfiven ; 
which admits of two folutions. 

Determinate 6 V< 7 /o», the name of a Trail, or Gene¬ 
ral Problem, written hv the ancient geometrician Apol¬ 
lonius. None of this work has come down to us, ex¬ 
cepting foine extracts and an account of it by Papons, 
in the preface to the 7th book of his Mathematical 
Collections. He then; lays that the general problem 
was, “ To cut an infinite right line in one point fo, 
that, of the fegments contained between the point of 
feed ion {ought, and given points in the faid line, either 
the fqitare on one of them, or the rectangle contained 
by two of them, may have a given ratio, either to the 
rectangle contained by one of them and a given line,, 
or to the rectangle contained by' two of them.’’ 

Pappus farther informs us, that this Trail of Apol¬ 
lonius was divided into two hooks ; that the Ill’ll book 
contained 6 problems, and the h coinl 3 ; that the ft 
problems of the firil hook contained ift ejatagmas, or 
cafes, ri{peeling the dilpoiitior.s of the points ; and the 
iecond book 9. Further, that of the cpitagmax of t li¬ 
ft problems of the firil book, 4 were maxima, and 
one a minimum : that the maxima are at the 2d cpi- 
tagma of the 2d problem, at the' 3d of liie 4th, the 3d 
of the yth, and the 3d of the ftth ; hut that the mini¬ 
mum was at the 3d epiiagma of the 3d problem. Alio, 
that the feeond book contained three determinations ; 
of which the 3d epitagma of the if! problem, and the 
3d of the 2 d were tni-ima, and the 3d of the 3d a 
maximum. M01 cover, that the liil! book laid 27 lem¬ 
mas, and the feeond book 2 |. ; and lalily, that both 
books contained theorems. 

From fuch account of the contents of this Trad, 
and the lemmas alio given by Pappus, fever;.! perfons 
have attempted to rellore, or rvcompofe wln-.t they 
thought might he nearly the form of Apollonius's trad, 
or tile flibjctl of each problem, cafe, determination, ,'xe; 
among whom are, Snellins, an eminent Duieli mathe¬ 
matician of the lad century ; a t*-.inflation of whole: 
work was puhlilhed in Er.gliflibv Mr. John Envvlon, in 
1772, together with a new relloration of the whole 
work by his friend hjr. William Wales. 

DEW, a thin light infallible mill, or rain, afeend- 
ing with a flow motion, and falling while the fun is 
below tbe horizon. 

To us it appears to differ from rain, as lefs from 
more'. Its origin and matter are doubt lefs from the va¬ 
pours and exhalations that rife* from the earth and wa¬ 
ter. See Exhalation. Some define it a vapour li¬ 
quefied, and let fall in drops. M. Huet, in one of hits 
letters, flievvs that dtw does not fall, but riles ; and 
others have adopted the fame opinion. 

M. tlu Fay’ made feveral experiments, firil with glades, 
then with pieces of clotii llretched horizontally at dif¬ 
ferent heights ; and he found that the lower bodies, 
with their under furfaces, were wetted before thofe that 
were placed higher, or their upper furfaces. And Du 
Fay and Mufchenbrock both found, that different fub- 
flances, and even different colours, receive the dew dif¬ 
ferently, and fome little or not at all. 

From the principles laid down under the article Eva¬ 
poration, the feveral phenomena of dews are eafily 
accounted for. Such as, for inilauce, that dews are 

more 
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snore copious in tlte fpring, than iu the other feafons 
of the year ; there being then a greater flock of vapour 
in readiiicfs, than at other times, by reafon of the 
fmall expence of it in the winter’s cold and fruit. Hence 
it is too, that Egypt, and fome other hot countries, 
abound with dews throughout all the heats of fummerj 
for the air there,being too hot to conilipate the vapours 
in the day-time, they never gather into clouds ; and 
lienee they have no rain : but in climates that are ex- 
cefiively hot, the nights are remarkably cold ; fo that 
the vapours railed after fun-let, arc readily condenfed ' 
into dews. 

It is natural to conclude, from the different fubftances 
which aie combined with dew, that it mult be either fa- 
1 utary or injurious, both to plants and animals. 

it is not eafy to afeertain the quantity of dew that 
rifes every night, or in the whole year, becanfc of the 
winds which difprrfe it, the rains which carry it down, 
and other inconveniences: but it is known that it riles 
in greater abundance after rain than after dry weather, 
and in warm countries than in cold ones. There are 
Ionic places in which dew i.i obferved only to afeend, 
;md not to fall ; and others again in which it is canied 
upwards in greater plenty than downwards, being dif- 
perfed by the winds. 

Dr. Hale.-, made fome experiments, to determine the 
quantity of dew tlmt falls in the night. For this pur- 
pufe, on the 15th of Aiigull, at 7 in the evening, lie 
filled two gla/ed earthen paws with moiil. earth; the 
dimcnlions of the pans being, 3 inches deep, and 12 
inches dianuter : and lie obit rves, that the moilter the 
earth, the more dew falls on it in a night ; and that 
snore than a double quantity of dew fair; on a Airfare 
of water, than on an equal Airface of inoiil earth. Tiicfe 
pans increafed in weight by the night's dew, 180 grains; 
and deereafixl in weight by the evaporation of the day, 

I 07. zSzgrs: fo that 740 grains more are evaporated 
from the earth every 24 hours in Ainur.er, than the dew 
that falls in the night ; i. c. in 2 1 days near 26 ounces 
from a circular area of a foot diameter. Now if 180 
grains of dew, falling in one night on fucli an area, which 
is equal to 113 fquare inches, be equally ipread on the 
Airface, its depth wilhbe the 159th part of an inch. He 
likewife found that the depth of dew in a winter’s night 
was the 90th part of an inch. If therefore we allow 


quantity of the dew, at the elcftricity of the rain de¬ 
pends on the quantity of the rain. He fometimet found 
that it began before fun-fet ; at other times not till 
11 o'clock at night. Artificial EleSricity, Appendix, 
letter 3. 

DE WIT (John), the famous Dutch penffonary, 
was born at Dort, in 1625 ; where he profecuted his 
Andies fo diligently, that at 23 years of age, he pub- 
liflted Elenenta Curvarum Li nr arum, one of the deepeft 
books in mathematics at. that time. After takhig his 
degrees, and travelling, he, in 1A50, became petitionary 
of Dort, and diitinguifhcd himfelf very early in the ma¬ 
nagement of public affairs, which foon after raifed him 
to the rank of penfionary of Holland. After render¬ 
ing the greateft benefits to his country in many import¬ 
ant inllances, and ferving it in feveral high capacities, 
with the greatefl ability, diligence, and integrity, by 
fome intrigues of the court, it is Add, he and his brother 
were thrown into prifun, from whence they were drag¬ 
ged by the mob, and butchered with the moll cruel and 
lavage barbarity. 

DIACAUSTIC Curve, or the Cauftic by Refrafiion, 
is u fpecies of cauftic curves, the gendis of which is in 
the following manner. Imagine an infinite number of 
rays BA, BM, 1 H>, &c, iffuing from the fame lumi¬ 
nous point B, refracted to or from the perpendicular 
MC, by the given curve AMD ; and fo, that CE the 
fines of the angles of incidence CME, be always to 
CG the fines of the refracted angles CMG, in a given 
ratio : then the curve HFN that touches all the refrac¬ 
ted rays AH, MI’, DN, &c, is called the Diacauttic, 
or Cauftic by Refraction. 



1 59 nights for the extent of the fummer's dew, it will 
in that time amount to one inch in depth ; and reckon¬ 
ing the remaining 206 nights for the extent of the win¬ 
ter’s dew, it will produce 2*28 inches depth ; and the 
dew of the whole year will amount to 3-2 8 inches depth. 
But the quantity which evaporated in a fair liimmer’s 
day from the fame Airface, bring 1 07. and 282 grs, gives 
the 40th part of an inch deep for evaporation, which is 
4 times as much as fell at night. Dr. llales obferves 
that the evaporation of a winter’s day is nearly the fame 
as in a fummer’s day ; the earth’s greater moifture in 
winter eompenfating for the fun’s greater heat'in fum- 
mer. Hales’s Vegetable Statics, voh i, pa. 52 of 4th 
edit. See Evaporation. 

Signor Bcecaria made feveral experiments to demon- 
ftrate the exiftence of the electricity that is produced 
by dew. He obferves in general, that Inch ele&ricity 
took place in clear and dry weather, during which no 
ftiong wind prevailed; and that it depends on -the 


DIACOUST ICS, or Diaphonics, the confident 
lion of the properties of found refracted in palling 
through different mediums; that is, out of a denfer 
into a more fubtile, or out of a more fubtile into a 
denfer medium. Sec Sound. 

DIADROME, a term fometimes ufed for the vibra¬ 
tion, motion, or fwing of a pendulum. 

DIAGONAL, is a right line drawn acrofs a figure, 
from one angle to another; and is fometimes called a 
diameter. It is ufed chiefly in quadrilateral figures, 
viz, in parallelograms and trapeziums* 

1. Every diagonal, as AC, di- ^ f . 

vides a parallelogram into two fsL s < 

equal parts or triangles ABC, ,/ \ 
ADC. _ l 

2. Two diagonals, AC BD, t---- 

drawn in a parallelogram, do mu¬ 
tually bifeCi each otner ; as in the point E. . . 

3 B a 3. Any 
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3. Any line, as FG, drawn through the middle of 
the diagonal of a parallelogram, is biiefled by it at the 
point £ j and it divides the parallelogram into two 
equal parts, BFGC and AFGD. 

4. The diagonal of a fquare is incommenfurable with 
its fide. 

5. In any parallelogram, the Aim of the fquares of 
the four iidcs is equal to the fum of the fquares of the 
two diagonals. 

6. In any trapezium, the fum of the fquares of the 
four fides is equal to the fum of the fquares of 
the two diagonals together with 4 times the fquare of 
the dillance between the middle points of the diagonals. 

7. In any trapezium, the fum of the fquares of the 
two diagonals is double the fum of the fquaris of 
two lines bil'efling the two pairs of oppoiite Ades. 

8. In any qundrilatcial inferibed in a circle, the 
. reft angle of the two diagonals is equal to the lum of 

■ the ttvo rectangles under the two pairs of oppoiite 
fides; 

Diagonal Scal:% See Scales. 

DIAGRAM, is a feheme for the explanation or dc- 
monilration of any figure, or of its properties. 

DilAl., or Sun-Dial, an inilrument for meafuring 
time by means of the fun’s fliadow. Or, it is a draught 
or defeription of certain lines on the furface of a body, 
fo that the fliadow of a ftyle, or ray of the fun through 
a hole, fhould touch certain marks at*oertain hours. 

Sun-Dials are doubtlcfs of great antiquity. But the 
firft upon record is, it feems, the dial of Aha/., who 
began to reign 400 years before Alexander, and within 
12 years of the Building of Rome: it is mentioned iu 
Ifaiab, chap. 38, ver. 8. 

Several of the antitnls arc fpoken of, as makers of 
dials j as Anaximenes Mileliua, Thales. Vitruvius men¬ 
tions one made by the ancient Chaldee hiilorian Be- 
rofus, on a reclining plane, almoft parallel to the equa¬ 
tor. Ariitarchus Samius invented the luniffplierical dial. 
And there were at the fame time fume fphcrical ones, 
with a needle for a gnomon. The difeus of Ariftarclms 
was an horizontal dial, with its rim raifed up all around, 
to prevent the ihadow from ftretching too far. 

It was late before the Romans became acquainted 
with dials. The firfl. fun-dial at Rome was fet up by 
Papyrius Curfor, about the 460th year of the city ; be¬ 
fore which time, Pliny fayb there is no mention of any 
account of time but by the fun’s rifing and fetting: 
the firft dial was fet up near the temple of Quirinus ; 
but being inaccurate, about 30 years after, another 
was brought out of Sicily by the conful M. Valerius 
Meflbla, which lie placed on a pillar near the Roftrum ; 
but neither did this Ihew time truly, breaufe not made 
for that latitude 5 and, after trfing it 99 years, Martius 
Philippus fet up another more exafl. 

The diverfity of fun-dials arifes from the different 
fituation of the planes, and from the dilb-rent figure of 
the furfaces upon which they are deferibed; whence 
they become denominated equinoBial, horizontal, vertical, 
polar , dired, cri tl, declining , inclining , reclining , cylindrical , 
&c. For the general principles of their confirmation, 
fee Dialling. 

Dials are fometimes diftinguilhcd into primary and 
ftcondary. 

Primary Dials are fuels as arc skawn cither on the 


plane of the horizon, and thence called horizontal dials } 
or perpendicular to it, and called vertical dials j or elfc 
drawn on the polar and equinoctial planes, though nei- 
ther horizontal nor vertical. And 

Secondary Dials are all thofe that are drawn on the 
planes of other circle <, befide thofe lait mentioned ; or 
thofe which either decline, incline, recline, or deiu- 
cline. 

Each of thefe again is divided into feveral others, as 
follow: 

EquinoBial Dial, is that which is deferibed on an 
equinoctial plane, or one parallel to it. 

Horizontal Dial, is deferibed on an horizontal plane, 
or a plane parallel to the horizon.—-This dial fliews the 
hours from fun-rife to fun-fet. 

South Dial, or an Err ft, direfl South Dial, is that de¬ 
feribed on the furface of the prime vertical circle look¬ 
ing towards the fouth_This dial lhcws the time from 

6 m the morning till 6 at night. 

North Dial, or an Erefl, direct North Died, is that 
which is deferibed on the furface of the prime verti¬ 
cal looking northward. This dial only fhews tlic hours 
before 6 in the morning, and after C> in the evening. 

Eajl Dial, or Erefl, direfl Eajl Dial, is that drawn 
on the plane of the meridian, looking to the call.—This 
can only fhew the hours till 12 o’clock. 

Wejl Dial, or Erefl, direfl IVefl Dial, is that deferibed 
on the wcflcrn fide of the meridian.—This can only 
fliew the hours after noon. Conl'cqucntly this, and the 
laft preceding one, will fhew all the hours of the day be¬ 
tween them. 

Polar Dial, is that which is deferibed on a plane 
palling through the poles of the world, and the eall and 
weft points of the horizon. It is of two kinds ; the 
firft looking up towards the zenith, and called the up¬ 
per ; the latter, down towards the nadir, called the low¬ 
er. The polar dial therefore is inclined to the horizon 
in an angle equal to the elevation of the pole.—The up¬ 
per polar dial fliews the hours from 6 m the morning 
till 6 at night, and the lower one fhews the hours be¬ 
fore 6 in the morning, and after 6 in the evening, viz, 
from fun-rife and till uin-ltt. 

Declining Dials, are erefl or vertical dials which de¬ 
cline from any of the cardinal points ; or they arc fuch 
as cut either the plane of the prime vertical, or of the 
horizon, at oblique angles. 

Declining dials are of very frequent ufe; as the 
walls of houfes, on which dials arc moftiy drawn, com¬ 
monly deviate from the cardinal points. 

Of declining dials there are feveral kinds, which are 
denominated from the cardinal points which they are 
neareft to ; as decliners from the fouth, and from the 
north, and even from the zenith. 

Inclined Dials, are fuch as are drawn an planes not 
erefl, but inclining, or leaning forward towards the 
fouth, or fouthern fide of the horizon, in an angle, cither 
greater or lefs than the equinoflial plane. 

Reclining Dials, are thofe drawn an planes not erefl, 
but reclined, or leaning backwards from the zenith to¬ 
wards the north, in an angle greater or lefs than the 
polar plane. 

Deinclined Dials, are fuch as both decline and in¬ 
cline, or recline.—Thefc laft three forts of dials are very 
sue. 


Dials 
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0i At ft without Centrex, are thofe whofe hour lines 
converge fo flowly, that the centre, or point of their 
concuurfc, cannot be exprefled on the given plane. 

Quadrantal Dial. See HorodiBical Quadrant. 

Rtfletting Dial. See Reflecting Dial. 

Cy indricul Dial, is one drawn on the curve furface 
of a cylinder. Tin’s may firft be drawn on a paper 
plane, and then pailed round a cylinder of wood, &c. 
It will ihew the time of the day, the fun's place in 
the ecliptic, and his altitude at any time of obferva- 
tion. 

There are alfo Portable Dials, or on a Card, and 
Univtrfal Dials on a Plain Crofs, See. 

Ref ratted Dials, are fuch as {hew the hour by means 
of fame refrafting tran{parent fluid. 

Rmg Dial, is a fmall portable dial, confifting of a 
brafs ring or rim, about 2 inches in diameter, and one- 
third of an inch in breadth. In a point of this rim 
there is a hole, through which the fun beams pafs, and 
form a bright fpeck in the concavity of the oppofite 
fc mi-circle, which gives the hour of the day in the di- 
rilions marked within it. 

When the hole is fixed, the dial only {hews true about 
the time of the equinox. But to have it perform through¬ 
out the whole year, the hole is made moveable, the 
Jigns of the zodiac, or the days of the month, being 
marked on the convex fide of the ring ; hence, in ufing 
it, the moveable hole is fet to the day of the month, 
or the degree of the zodiac the fun is in ; then fuf- 
pending the dial by the little ring, turn it towards the 
fun, and his rays through the hole will (hew the hour 
on the divifions within fide. 

Uuiverfil, or y.IJlronomical Ring Dial, is a ring dial 
which {hews the hour of the day in any part of the 
earth ; whereas the formeris confined to a certain lati¬ 
tude. Its figure fee reprefented below. 



It confifls of two rings or flat circles, from 2 to 6 
inches in diameter, and of a proportionable breadth &c. 
The outward ring A reprefents the meridian of any 
place you are at, and contains two divifions of 90 de¬ 
grees each, diametrically oppofite to one another, the 
one ferving from the equator to the north pole, the 


other to the fouth pole. The inner ring reprefents the 
equator, and turns exactly within the outer, by means 
of two pivots in each ring at the hour of 12. 

Acrofs the two circles goes a thin rcglet or bridge, 
with a curfor C, Hiding along the middle of the bridge, 
and having a fmall hole for the fun to Ihine through. 
The middle of this bridge is conceived as the axis of 
the world, and the extremities as the poles: on the 
one fide are drawn the figns of the zodiac, and on the 
other the days of the month. On the edge of the 
meridian Hides a piece, to which is fitted a fmall ring 
to fufpend the inllrument by. 

In this dial, the divifions on the axis arc the tangents 
of theangles of the fun's declination, adapted to the iemi- 
diameter of the equator as radius, and placed on either 
fide of the centre: but iullead of laying them down 
from a line of tangents, a fealc of equal parts may¬ 
be made, of which loco {hall anfwcr exactly to the 
length of the femi-axis, from the centre to the infide 
of the cquino&ial ring; and then 434 of thefe parts 
may be laid down from the centre towards each end, 
which will limit all divifions on the axis, bccaufe434 
is the natural tangent of 23 0 28'. And thus, by a 
nonius fixed to the Hiding piece, and taking the fun's 
declination from an ephemcris, and the tangent of that 
declination from the table of natural tangents, the Aider 
might be always fet true within 2 minutes of a de¬ 
gree. This fcale of 434 equal parts might be placed 
right againft the 23 0 28' of the fun’s declination, on 
the axis, inftead of the fun’s place, which is there of 
little life. For then the Aider might be fet in the ufual 
way, to the day of the month, for common ule; or 
to the natural tangent of the declination, when great 
accuracy is required. 

To uf- this Dial: Place the line « (on Ac middle 
of the Hiding piece) over the degree of latitude of the 
place, as for inilancc 51J degrees for London: put the 
line which erotics the hole of the curfor to the degree of 
the fign, or day of the month. Open the inllrument 
fo as that the two rings be at right angles to each 
other, and fufoend it by the ring 11, that the axis of 
the dial, repreunted by the middle of the bridge, may 
be parallel to the axis of the world. Then turn the 
flat fide of the bridge towards the fun, fo that his rays, 
linking through the fmall hole in the middle of the 
curfor, may fall exactly on a line drawn round the mid¬ 
dle of the concave furface of the inner ring ; in which 
cafe the bright fpot {hews the hour of the day in the 
faid concave furface of the ring. 

Notturnal or Night- Dial, is that which fhews the 
hour of the night, by the light, or Ihadow projected 
from the moon or liars. 

Lunar or Moon Dials may be either purpofely rie- 
feribed and adapted to the moon’s motion ; or the hour 
may be found on a fun-dial by the moon ihining upon 
it, th us : Obferve the hour which the Ihadow of the 
index points at by moon light; find the days of the 
moon’s age in the calendar, and take 3-4AS of that 
number, for the hours to be added to the hour Hicwn 
by the (hadow, to give the hour of the night. The 
reafon of which is, that the moon comes to the fame 
horary circle later than the fun by aoout three quar¬ 
ters of an hour every day; and at the time of new 
moon the folar and lunar hour coincide. 
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Oi \i. -i, are the plane fupeificies upon which 

flu - hour lin-. uf dials are drawn. 

'Jiil' Dial. See Tide Dial. 

DIALLING, the art of drawing fun, moon, and 
flat-di.:ls on any Hit of fat face, whether plane or 
curved. 

-Dialling is wholly founded on the firfl motion of 
the heavenly bodies, and chiefly the fun ; or rather on 
the diurnal lotation of the earth : fothat the elements 
• if fphcrii-s, and fpheri'-al trigonometry, fhould be un- 
det flood, before a perfon advances to the doff tine of 
iHallincr. 

The ptinci]ile;i of dialling may be aptly deduced from, 
and iihilitntcd by, the phenomena of a hollow or tranf- 
pal ent fplieiv, as of glafs, Thun, fuppofe aVcp to re- 



prefent the earth as tranfpflrent; and its equator as 
divided into z equal parts by lo many meridian femi- 
circles a, b, r, d, r, &c, one of which is the geographical 
meridian of any given place, as London, which it is 
luppofed it; at the point a ; and if the hour of 12 were 
maiked at the equator, both upon that meridian and 
the oppof.te one, and all the refl of the hours in order 
on the other meridians, thofe meridians would be the 
hour circles of London : becaufv, as the fun appears to 
move round the earth, which is in the centre of the vi¬ 
able heavens, in 24 hours, he will pafs from one meridian 
to another in an hour. Then, if the fphere had an 
npake axis, as PEp, terminating in the poles P and p, 
the fhadow of the axis, which is in the lame plane with 
the fun and with each meridian, would fall upon every 
particular meridian and hour, when the fun came to the 
plane of the oppofite meridian, and would confequently 
ihew the time at London, and at all other places on the 
fame meridian. If tin's fphere were cut through the 
tniddje by a folid plane ABCD in the rational horizon 
of London, one half of the axis EP would be above the 
plane, and the other half below' it; and if ftraight lines 
were drawn from the centre of the plane to thofe points 
where its circumference is cut by the hour circles of 
the fphere, thofe lines would be the hour lines of an 
horizontal dial for London ; for the fhadow of the axis 
would fell upon each particular hour line of the dial, 
when it fell upon the like hour circle of the fphere. 
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If the plane which cuts the fphere be upright, as 
Al'CG, touching the given place, for ex. London, at 1 *', 



and directly facing the meridian of London, it will 
then become the plane of an creel direct fotilh dial ; and 
if right lines be drawn from its centie li, to thofe 
points of its circumference where the hour circles of 
the fphere cut it, thofe will be the hour lines of a ver¬ 
tical or direCl fouth dial for London, to which the 
hours are to be fi-t in the figure, contrary to thofe on 
an horizontal dial ; and the lower half E/> of the axis 
will cafl a fhadow on the hour of the day in this dial, 
at the fame time that it would fall upon the like liojir 
circle of the fphere, if the dial plane was not in the 
way. 

If the plane, fill facing the meridian, he made to in¬ 
cline, or recline, any number of degrees, the hour 
circles of the fphere will il ill cut the edge of the plane 
in thofe points to which the hour lines mull be drawn 
flrnight from the centre ; and the axis of the fphao 
will call a lliachnv on thefe litres at the refpeefive hours. 
Tire like will 11 ill hold, if the plane be made to decline 
by any' number of degrees from the 1v.eWdi.1n towards 
the call or well ; provided the declination be lefs than 
90 degrees, or the reclination he Uf.; than the co-lati¬ 
tude of the place ; and the axis of the i’phcic will be 
the gnomon: othenvife, the axis will haw no elevation 
above the plane of the dial, and cannot he a gnomon. 

Thus it appears that the plane of every dial repre- 
fents the plane of fume great circle on the earth, and 
the gnomon the earth’s axis; the vertex of a right 
gnomon the centre of the earth or viiible heavens; and 
the plane of the dial is juft as far from this centre as 
from the vertex of this ftile. The earth itfclf, com¬ 
pared with its diftnnee from the fun, is confidcred as 
a point; and therefore, if a fmall fphere of glafs he 
placed upon any part of the earth’s furfucc, fo that its 
axis be parallel to the axis of the earth, and the fphere 
have fitch lines upon it, and fuch planes within it, as 
above deferibed ; ft will fhew the hours of the day as 
truly as if it were placed at the earth’s centre, ana the 
fliell of the earth were as tranfparent as glafs. Fer- 
gufon, lrft. 10. 

The principal writers on Dials, and Dialling, arc 
the following ; Vitruvius, iu his Architecture, cap. 4 

and. 
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and 7, lib. 9 : Scbnflian Munder, his HoroTographia : 
John Dryander dc Horologiorum varia Compofitione : 
Comrade Gcfncr’s Pawleita:: Andrew Schemer’s Gno- 
monicir: Fred. Coinmandine de Horologiorum De- 
feriptione: Joan. Bapt. Benedictus de Gnomonum 
Umbraiunique Solarium Ufu : Joannes Georgius 
Bchumberg, Excgelis Fundaincntorum Gnomonico- 
rurn : Solomon de Cans, Trjite des Horologes &o- 
laircs: Joan. Rapt. Trolta, Praxis Horologiorum: 
Dtfaigues, Manieie Univcrfelle pour pofer l’Elfieu & 
placer los Hcures & aulres Cliofes aux Cadranr, Solaires: 
All*. Kircher, Ars magna Ltieis & 1 Imbra : Halluni, 
Explicalio lloiologii in llorto Regin Lnndini : Tiac- 
talus Horologiorum Joaunis Mark : Clavius, Gnomo- 
niecs de Horologiis ; in which he demonilrates both 
the theory and the operations after the rigid manner 
of the ancient mathematicians : Dcchalcs, O/.nnam, 
and Sehottus, gave much calicr treat ifes on this lub- 
jeet; us did alio Wollius in his F.leinenta : M. Picard 
gave a new method of making large dials, hy cult u- 
1 iting the hour lines ; and M. De la FI ire, in Lis Dial¬ 
ling* printed in gave a geometrical method of 

drawing hour lines from certain points, determined by 
i bfervation. Fun hard Walper, in ifa,, publlibed his 
Dialling, in which la lays down a method of drawing 
the primary dials on a very eafv inundation ; and the 
lame foundation is alio do let ibed at length hy fiebaftian 
Munller, in his Ruc’.imuita Mathur.;.tiea, publilhed in 
In iSturmius pnhlilhed a Tiew edition of 

\\ alpir’s Dialling, with the addition of a whole lteond 
j art, eor.cciniug inclining and declining dials, &c*. In 
1 “c-g, the l ime wml., \\it!i Sturmius’s additions, was 
re-pub!ii’nc<', with the addition of a 4th part, contain¬ 
ing Picard’:- ai.d De la Hire';, method), ol drawing large 
dials, which makes nmcii the bed and fulled bool: on 
the fid jeft. Pctcrlon, Michael, and Muller, have each 
written on Dialling, in the German language: Coe t- 
fnis, in his Ifuridogiogiaphia Plana, printed in i6bt; : 
Gauppen, in his Giiomcmica Mechanics: I.eybnmri, 
in his Dialling: 15 ion, in his Dfc of Mathematical 
InltiMiiieiits : Wells, in his Art of Shadows. These 
i.. alio a treatile hy M. Dcpairt ux, J 740. Mr. Ft t- 
gufoa has alio written on the fame fuhject in his Den¬ 
tures on Mechanics ; K fide s F.mvrfoii, in his Dialling ; 
and Mr. W. Jones, in hie. Initrumcntal Dialling. 

Umwrjo! Di.m.um: C\l:ntLr , is reprciented in 
fig. 2, plate vii, where A BCD is a glafs cylindrical 
tuiic, clofed at both ends with hrafs plates, in the 
ccUttcs of which a wire or axis F.FG is fixed. 'I’he 
tube is cithcT fixed to an horizontal board H, fo that 
its axis may make an angle with the board ecpial to 
that which the earth’s axis makes with the horizon of 
any given place, and be parallel to the axis oi the 
world; or it may be made to move on a joint, and. 
elevated for any particular latitude. The twenty-four 
hour lines are drawn with a diamond on the outlidc 
of the glafs, equidiflant from each other, and parallel 
to the axis. The XII next B Hands for midnight, 
and the XII next the board H for noon. When the 
axis of this inilrumcnt is elevated according to the lati¬ 
tude, and the board fet level, with the line HN in the 
plane of the meridian, and the end towards the north ; 
the axis EFG will ferve as a gnomon or llile, and 
call a Hi ado w on the hour of the day among the pa¬ 


rallel hour line.,, when the fun ftiines 011 the in ft ru¬ 
men t. As the plate AD at the top is parallel to the 
equator, and ti.e axis F.FG perpendicular to it, right 
lines drown from the: centre to the extremities of the pa¬ 
rallels will he the hour lines of an equinoctial dial, ami 
the axis will be the Itsle. A11 hori/.onta 1 plate ef put 
down into the tube, with lines drawn from the centre 
to tile fevcral parallels, cutting its edge,, will be an ho¬ 
rizontal dial for the given latitude ; and. a vertical plate 
//r, fronting the meridian, and touching the tube with 
its edge, with line, drawn fiv.ni its ecu’ re to the pa¬ 
rallels, will he ;t vertical lyuth dial : the axis of the in- 
ftruir.eni levying in both cafes for the llile of flu dial: 
and if a plate he placed within the tube, in a-, to de¬ 
cline, incline, or recline, by any given number o 1 " de¬ 
grees, and lines be drawn, as above, a declining, inclin¬ 
ing, or reclining dial will he formed fur ti.e given lati¬ 
tude. If the axis with the leveral plates h.. id to it 
be drawn out of the tube, and fet up in lie. f'-.ine in 
the lame petition as they were in the tube, AD will 
be an equinoctial dial, ef an horizontal dial, and 
a vertical louth dial ; and the time of the day’ will he 
lhewn by’ the axis EFG. If the cylinder were wood, 
inilead of glafs, and the parallel lines drawn upon it in 
the fame manner, it would krve to facilitate the ope¬ 
ration 0} making tliefe fevcral dial ;. The upper pi ;! c 
with lines drawn to the fevcral interfeCtiomt of the 
parallels, which appears obliquely i i iig. 2, would, lie 
an equinoctial dial as in iig. 3, and tin. axis perpendi¬ 
cular to it he its llile. An horizontal dial for tlie la¬ 
titude of the ih'vation of the axis might he made, bv 
drawing out ti.e ry s and cutting the cylinder, as at 
iVi,e, parallel to the horizontal b.ia-d Ii ; the lection 
would he elliptic as in iig. 4. A circle might he de¬ 
li rihed 011 the ccntie. and lines drawn to the diviliom 1 
of the cilipfe would i.< the hour lines' : t'.iil the wire 
put in its place again, as F, would he the (Hie. If 
this cylinder \vrc i tit by a plane perpendicular to the 
horizontal board H, or to the line HUM, beginning at 
tiic plane ot the lection would be elliptical u< in 
lig. 7, and lines draw n to the points of intcri'cc.lioii of 
the parallels on itr edge would he the hour l ;,, i ; of a 
vertical direct fouth d'al, which might be made of 
thnpc, either circular or fquarc, and F t’ue a v i- of tii. 
cylinder would he its llile. Thu, alfo inclining, de¬ 
clining, or reclining dials might he ealily roi.ltructcd, 
for any given l.il’tnd' - . Fergulon, uhi fupra. 

Dt.ti.r 1x1: Cl oh , i. an iull rumen' made of hrafs, or 
wood, with a plane lilted to tlu- horizon, and an in¬ 
dex } particulaily contrived to draw all forts of dial ;, 
and to give a clear exhibition of the principles of that 
art. 

DiALi.tsr; /.'lies, or Seu/es, are graduated lines, 
placed on rules or the edges of quadrants, and other in 
liniments, to expedite the conliruction of dials. 'Flic 
principal of thefe lines are, 1. A fcale of lix hours, 
which is only a double tangent, or two lines of tan¬ 
gents each of 45 degrees, joined together in the mid¬ 
dle, and equal to the whole line of tines, with the de¬ 
clination fet again!! the meridian altitudes in the lati¬ 
tude of London, fuppofe, or any place for which it is 
made : the radius of which line of lines is equal to the 
dialling fcale of lix hours. 2. A line of latitudes, 
which is fitted to the hour kale, and is made by this 

canon ; 
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canon: as tlie radius is to the chord of 90 degrees ; 
fo are the tangents of each refpe&ive degree of the 
line of latitudes, to the tangents of other arches: and 
then the natural fines of thole arches are the numbers, 
which, taken from a diagonal fcale of equal parts, will 
graduate the diviltons of the line of latitude to any ra¬ 
dius. The lin; of hours and latitudes is generally for 
pricking down all dials with centres. For the method 
of coniii-nftiug thefc feales, fee Scale. 

Diallino Sphere, is an inftrument made of brafs, 
with fcveral femicircles Aiding over one another, on a 
moving horizon, to demonllrate the nature of the doc¬ 
trine of fphcrical triangles, and to give a true idea of 
the drawing of dials on all manner of planes. 

DIAMETER, of a circle, is a right, line palling 
through the centre, and terminated at the circumfe¬ 
rence on both fides. 

The diameter divides the circumference, and the area 
of the circle, into two equal parts. And half the 
diameter, or the femi-diameter, is called the radius. 

For tl'.e proportion between the diameter and the 
circumference of a circle, fee Circle and CIRCUM¬ 
FERENCE. 

Diameter of a Conic Section, or Tratifwrfe Diameter, 
is a right-line puffing through the centre of the fedlion, 
or the middle of the axis.—The diameter bifecls all or¬ 
dinates, or lines drawn parallel to the tangent at its ver¬ 
tex. See Conic ScHions. 

Conjugate Diameter, is a diameter, in Conic Sec¬ 
tions, parallel to the ordinates of another diameter, 
called the tranfverfe; or parallel to the tangent at the 
vertex of this other. 

Diameter, of any Curve, is a right line which di¬ 
vides two other parallel right lines, in fucli manner 
that, in each of them, all the fegments or ordinates on 
one fide, between the diameter anddifTercnt points of the 
curve, are equal to all thofc on the other fide. This is 
Newton’s fenfe of a Diameter. 

But, according to fome, a diameter is that line, 
whether right or curved, which bifedts all the parallels 
drawn from one point to another of a curve. So that 
in this way every curve will have a diameter; aud 
hence the curves of the zd order, have, all of them, 
cither a right-lined diameter, or clfe the curves of fome 
one of the conic fe&ions for diameters. And many 
geometrical curves of the higher orders, may alfo have 
for diameters, curves of more inferior orders. 

Diameter of Gravity, is a right hue palling through 
the centre of gravity. 

Diameter in jlflronomy. The diameters of the 
heavenly bodies are cither apparent, i. e. fuch as they 
appear to the eye ; or real, i. e. fuch as they are in 
thcmfelves. 

The apparent diameters are belt meafured with a 
micrometer, and are eftimated by the meafuve of the 
angle they fubtend at the eye. Thefe are different in 
different circumftances and parts of the orbits, or ac¬ 
cording to the various diftances of the luminary ; being 
in the inverfe ratio of the diftance. 

The fuii’s vertical diameter is found by taking the 
height of the upper and lower edge of his dilk, when 
he is in the meridian, or-near it; correcting the alti¬ 
tude of each edge on account of refraction and paral¬ 
lax ; then the difference between the true altitudes of 
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the two, is the true apparent diameter fought. Or the 
apparent diameter may be determined by obferving, 
with a good clock, the time which the fun’s dife takes 
in puffing over the meridian : and here, when the fun is 
in or near the equator, the following proportion may be 
ufed; viz, as the time between the fun’s leaving the me¬ 
ridian and returning to it again, is to 360 degrees, fo is 
the time of the fun’s palling over the meridian, to the 
number of minutes and fcconds of a degree contained in 
his apparent diameter; but when the fun is in a pa¬ 
rallel at fome diftance from the equator, his diameter 
mcafures a greater number of minutes and fcconds in 
that parallel than it would do in a great circle, and takes 
up proportionally more time-in palling over the meri¬ 
dian ; in which cafe fay, as radius is to the cofnie of 
the fun’s declination, fo is the time of the fun’s puffing 
the meridian reduced to minutes and fcconds of n do 
gree, to the arc of a great circle which mcafures the 
fun’s apparent horizontal diameter. See Transit. 

The lun’s apparent diameter may alfo be taken by 
the projedtion of his image in a dark room. 

There are fcveral ways of finding the apparent dia¬ 
meters of the planets; but the moll certain method is 
that with the micrometer. 

The following is a table of the apparent diameters 
of the fun and planets, in different circumllauces, and at 
determined by diff erent ailrouomers. 


Z. Of the Moon . 
Ptolomy 

W:; & 

Kepler 
De JLa Hire 
fin Syzygy 
’ \in Quadiat. 


Newton 
Moutnn, Full, iiTPerigec 
Monnier, 


in Syzygy 


f in 

* l in Quadrat | 


Mean 


Table of Apparent Diameters. 

I. Of the Sun, accord- j Created 
ing to 

Ariftarchtis and I 
Archimedes J 
Ptolomy 
Albategnius 
Regiomontanus 
Copernicus 
Tycho 
Kepler 
Riccioli 
J. D. Caffini 
Gafcoigne 
Flamfteed 
Mouton 
De la Hire 
Louvillc 
M. Caffini, jun. 

Monnier 
Short 
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3. Of Mercury. 

Albategnius 

Alfraganu! 

Tyclio 

Hcvelius 

Hortenfius 

Riccioli 

Bradley 

Monnier 


4. Of Fcnut. 

Albategnius 

Alfraganu* 

Tycho 

Hcvelius 

Hortenfius 

Kepler 

Riccioli 

Huygens 

Flamilced 

Hottox 

Crabtree 

Monnier 

Tran fit of 1761 

Tranlit of 1769 



o 1 29, o 
004° 
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[ Mean 
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0 3 
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5. Of Mars. 

Albateg. and Alfrag. 
Tycho 
Hcvelius 
Horteniius 
Kepler 
Riccioli 
Huygens 
Flamftecd 
Monnier 

tj _r 1 » 1 Polar t>iam. 

Hcrfchel, J L()Uat . Uiam . 


- - - 1 34 o - - - 

2 46 O I 40 0:0 57 o 

0 20 OO 5 0:0 2 O 

tlU* I 4 O O 36 c jo 9 O 

63OO - - - . - - 

I 32 O O 22 O ' O IO f) 

is ------ o 30 O 

ed 0330 - 

r ------0260 

Polar I>iam. - - - - - - 021 29 

L'ljuat.Diam. - - - - - - 02225 


6. Of Jupiter. 

Albateg. and Alfrag. 
Tycho 
Hcvelius 
Hortenfius 
Kepler 
Riccioli 
Huygens 
Flamftecd 
Newton, from ] 
Pound’s Obf. j 
Monnier 


,g. ... 2 36 40 - - - 

3 59 o 2 45 0 2 14 o 
b 24 o 018 ojo 14 o 
1 1 40 o 50 o o 38 30 

0500 - - - - - - 

1 8 46 o 49 46 o 38 18 
.. .---140 

o 54 o. 
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- - - o 37 o - - - 


7. Of Saturn. 

Albateg and Alfrag. 
Tycho 
Hcvelius 
Hortenfius 
Kepler 
Vo*.. I. 


- - -1 44 28- - - 

212 o 1 50 o I 34 o 
o 19 o o 16 o o 14 o 
o 42 40 o 37 0031 o 


Of Saturn 

Riccioli 
Huygens 
Flamitced 
Newton, from "l 
Pound’s Obfcrv. J 
' Mouuier 

Huygens, 1; ’s Ring 
Newton, from 1 
Pound’s Obf. J 
Monnier 


8. New Vianet. 
Herfcbcl 


The Mean Apparent diameters of the planets, as 
fccii from the fun, are as follow : 

Mercury, Venus, Earth, Moon, Mara, Jug Sat. Herfrh. 

20" 30" l’]" 6 " ll" 37" 16'' 4' 

For the true diameters of the fun and planets, and 
their proportions to each other, fee Planets, Semi- 
DIAMLTER, and Solar System. 

Diameter of a Column , is its thicknefs juft above the 
bafe. From this the module is taken, which meafurcs 
all the other parts of the column. 

Diameter of the Diminution, is that taken at the 
top of the (haft. 

Diameter of the Swelling, is that taken at the 
height of one third from the bafe. 

DIAPASON, a mufical interval, otherwife called 
an odtave, or eighth: fo called becaufe it contains all the 
poffible diverfities of found. 

If the lengths of two firings be to each other as r to 
2, the tendons being equal, their tones will produce an 
oftflve 

DIAPENTE, is the perfeft fifth or fecond of the 
concords, making an oftave with the Diateflaron. The 
lengths of the chords are as 3 to 2. 

DTAPHONOUS Body or Medium, one that is 
tran (lucent, or through which the rays of light eafily 
pafs ; as water, air, glafs, talc, fine porcelain, &c. See 
Transparency. 

DIAPHONICS, is fometimes ufed for the fcience 
of refracted found, as it paffes through different me¬ 
diums. 

DIA STYLE, a fort of edifice, in which the pillar* 
(land at fucli a diftance from one another, that three 
diameters of their thicknefs are allowed for the intcr- 
colum nation. 

DIATF.SSARON, is the perfed fourth; or a mufi¬ 
cal interval, confiding of one greater tone, one leffer, and 
one greater femitone. Thelenglhs of firings to found 
the diateflaron, are as 3 to 4. 

DIATONIC, a term fignifying the ordinary fort 
of mufiC) which proceeds by tones or degrees, both 
afeending and dcicending. It contains or admits only 
the greater and leffer tone, and the greater femitone. 

DIESIS, a divifion of a tone, lefs than a femitone; 
or an interval confiding of a leffer, or imperfect femi¬ 
tone. The Dicfis i* the fmalldl and foftcil change, or 
3 C inflexion. 
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inflexion, of the voice imaginable. It is alfo called a 
feint, and is expreffed by a St. Andicw’a Crofs, or fat¬ 
tier, 

DIFFERENCE, is the exccfs by which one mag¬ 
nitude or quantity exceeds another. When a lefs 
quantity is fubt rafted front a greater, the remainder is 
otherwife called difference. 

Jlfanfiona! D: r r kr k nv. t . See Ascensional. 

Difference of Longitude, of two places, is an arch 
of the equator contained between the meridians of 
thofe two places, or the tncafure of the angle formed 
by their meridians. 

DIFFF.RENTI AL, an indefinitely fmall quantity, 
part, or difference. By fome, the Differential is con- 
iidered as infinitely fmall, or lefs than any alfignahie 
quantity ; and alfo as of the fame import as fluxion. 

It is called a Differential, or Differential Quantity, 
becaufe often conlidered as the difference between two 
quantities ; and as fuch it is the foundation of the Dif¬ 
ferential Calculus. Newton ufed the term moment in 
a like l’enfe, as being the momentary increase or de- 
creal’e of a variable quantity. M. Leibnitz and others 
call it'alfo an iiifinitcfimal. 

Differential of the r (l, id, 3 d, eSfc degree. See 
Differentio-D ifferential. 

Differential Calculus , or Method, is a method of 
differencing quantities. See Differential Method, 
Calculus, and Fluxions. 

Differentio-Differential Calculus , is a method 
of differencing differential quantities. 

As the fign of a differential is the letter d prefixed 
to the quantity, as dx the diflercutial of x ; fo that of 
a differential of dx is ddx, and the differential of ddx is 
dddx, See ; fimilar to the fluxions x, x, £, See. 

Thus we have degrees of differentials. The diffe¬ 
rential of an ordinary quantity, is a differential of the 
tirfl order or degree, as dx ; that of the 2d degree is 
ddx ; that of the 3d degree, dddx, See. The rules for 
differentials, are the very fame as tliofe for fluxions. 
See Fluxion s. 

Differential, in Logarithms. Kepler calls the 
logarithms of tangents, differentialcs ; which we ufually 
call artificial tangents. 

DiFFF.RrNTi AL Equation, is an equation involving 
•r containing differential quantities; as the equation 
yx-dx — 2a.\dx -f- aydx + axdy — o. Some mathema¬ 
ticians, as Stirling, Sec, lijve alfo applied the term dif¬ 
ferential equation in another fenfe, to certain equations 
defining the nature of levies. 

Differential Method, a method of finding quan¬ 
tities by meahs of their fucceffive differences. 

This method is of very general nfe and application, 
but efpeci.dly in the conftruftion of tables, and the 
fummation of fcrics, &c. This method was firft ufed, 
and the rules of it laid down, by Briggs, in his Con¬ 
ftruftion of Logarithms and other Numbers, much the 
fame as they were afterwards taught by Cotes, in his 
Couflruftio Tabularum per Differentias; as I have 
fhewn in the Introduction to my Logs. pa. 6y Se feq. 
See Briggs’s Arithmctica Logarithmica, cap. 12 and 
13, and Jus Trigonometria Britannica. 

The method was next treated in another form by 
Newton in the cth Lemma of the 3d book of his Prin¬ 
cipal, and in his Mcthodus Diffcrentialis, jmblifhed 
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by Jones in 1711, with the other trafts of Newton. 
Tins author here treats it as a method of deferib- 
ing a curve of the parabolic kind, through any given 
number of points. He diftinguifhes two cafes of this 
problem ; the firft, when the ordinates drawn from the 
given points to any line given in pofition, are at equal 
diftances from one another j and the 2d, when thefe 
ordinates are not at equal diftances. He has given a 
folution of both cafes, at <*ft without demunllration, 
which was afterwards fupplied by himfelf and others 1 
fee his Mcthodus Differentials; above mentioned ; and 
81 irlirig’s Explanation of the Newtonian Differential 
Method, in the Philof. Tranf. N° 362; Cotes, De Me- 
thodo Differentiali Newtonians, publifhed with his 
Harmonia Menfurarmn ; Herman’s 1 ‘lioronomia ; and 
l.c Scur Se Jaequier, in their Commentary on Newton’s 
Principia. It may be obferved, that the methods there 
demonltrated by 1‘ome of thefe authors extend to the 
defeription of any algebraic curve through a given 
number of points, which Newton, writing to Leibnitz, 
mentions as a problem of the greateft ule. 

By this method, fome terms of a feries being given,, 
and conceived as placed at given intervals, any inter¬ 
mediate term may be found nearly ; which therefore 
gives a method for interpolations. Bi iggs’s Arith. Log. 
ubi fupra; Newton Mcth. Differ, prop. 5 ; Stirling, 
Mcthodus Differentialis. 

Thus alfo may any curvilinear figure be fquared 
nearly, having fome few of its ordinates. Newton,, 
ibid, prop 6 ; Cotes De Method. Differ. ; Simpfon’s 
Mathematical Differt. pa. 11 3. And thus may mathe¬ 
matical tables be cunltrufted by interpolation: Briggs,, 
ibid. Cotes Canouotechnia. 

The fucceffive differences of the ordinates of para¬ 
bolic curves, becoming ultimately equal, and the inter¬ 
mediate ordinate required, being determined by thefe 
differences of the ordinates, is the reafon for the uanu: 
Differential Method. 

To be a little more particular.—The firft cafe of 
Newton’s problem amounts to this : A feries of num¬ 
bers, placed at equal intervals, being given, to find any 
intermediate number of that, feries, when its interval or 

diftance from the firft term of the feries is given.- 

Suhtraft each term of the levies from the next follow¬ 
ing term, and call the remainders lirft differences, then 
fubtiaft in like manner each or thefe differences from 
the next following one, calling thefe remainders 2d dif¬ 
ferences ; again, fubtraft each 2d difference from the 
next following, for the 3d differences; and fo on: then 
if A be the 1 il term of the feries, 
d' the firft of the ill differences, 
d" the firft of the 2d differences, 
d"’ the firft of the 3d differences, Sec ; 
and if .%■ be the interval or diftance between the firft 
term of the feries and any term fought, T, that is, let 
the number of terms from A to T, both included, be 
= x + 1 ; then will the term fought, T, be == 


- X X-~ I ,,, , X X— I x — 2 .... „ 

A + -d*+ -.- d "4 -.-.- dSec. 

1 12 12 3 

Hence, if the differences of any order become equal, 
that is, if any of the diffs. el", d'". Sec, become = o, 
the above feries will give a finite exprefiion for T the 
term fought; it being evident, that the feries-mull ter¬ 
minate when any of the diffs. </", d'", Stic, become 3= o. 

IF 



D I F 


[57 9 1 DIG 

% 


It i< alfo evident that the coefficients -—-» 

II 2 

Sc c, of the differences, are the fame as to the terms of 
the binomial theorem. 

For rx. Suppofc it were required to find the log. 
tangent of 5 ' r' 12 '"2$"", or 5' 1 " 3 'oo> or s' 1 "'2066 
See. 

Take out the log. tangents to feveral minutes and 
feconds, and take their fir ft and fecund differences, as 
below ; 

Tang. d’ 1 <1" 


5' o" 
5 * 

5 2 
5 3 


7*1626964 

7*16+1417 

7*1655821 

7*1670178 


1+404 

*4357 



Here A = 7*1641+17 ; x = 
and the mean ;d difference d" — ■ 

A - - - - 

xd’ - - - 

-.—S 

1 1 


; d> — 1440..} 
— +8. Hence 
- - 7*1641+17 
2977 

* 

4 


4 


Thcrcf. the tang, of 5' 2" 12'" 24"" is 7*16+4598 


Hence may be deduced a method of finding the funis 
of the terms of fuch a limes, calling its terms A, B, 
C, X), S:c. For, conceive a new feries having its lit 
term = o, its 2d — A, its 3d = A+B, its 4th = 
A + B + C, its 5th = A +- B +- C +- 1 ), and fo on ; 
then it is plain that aligning one term of this feries, is 
finding the fum of all the terms A, B, C, D, &c. 
Now fince thife terms are the differences of the funis, 
o. A, A + B, A-+B+C, ; and as fome of the dif¬ 

ferences of A, B, C, &c, arc = o by fuppofition ; it 
follows that fome of the differences of the turns will be 


and fince in the feries A + — </'+ — 

1 1 


-v — 1 


dtt 


fee, by which a term was aftigned, A reprefented the 
lit term; tf the ift of the lit differences, and x the 
interval between the firft term and the laft ; we are to 
write o inftcad of A, A inftead of d', d' inftead oi d", 
•d" inftead of d"’. See, alfo a- +- 1 inftead of x ; which 
being done, the feries txprefiiug the fums will be 

o -I-A + — ■ • ■. — -d 1 4- —— . — . —- d 11 , See. 

1 12 125 

Or, if the real number of terms of the lines be called 
», that is, if a sz x 4* I, or x — k— 1, the fum of the 


3 * 1 ■ J 

feries will be A 2. + — . — d 1 + 
1 2 


s. s —1 a—2 


1 2 3 

Sec. See De Moivrc’s Dodl. of Chances, pa. 59, 60 ; 
or his Mifcel. Analyt. pa. 153 ; or Simplon’s Ella Vs, 
pa. 95. 

For rx. to find the fum of fix terms of the feries of 
fquarcs 1 + 4 + 94-16+-25 + 36, of the natural num¬ 
bers. 

Terra* 

I 

4 
9 

16 

2 5 


A’ d" 


3 

5 

7 

9 


o 

o 


Here A = 1, d' = 3, cf' = 2, J'" fcerro, and 
* = 6 ; therefore the fum i« 6 + f. | . 3 + 4 • t • I • * 
= 6 + 45 + 40 sc 91 the fum required, via. of 
1+4 + 9+16 + 25 + 36. 

A variety of examples may be feen in the places 
above cited, or in Stirling’s Methodus Differentialis, 
See. 

As to the Differential method, it may be obferved, 
that though Newton and fome others have treated it as 
a method of deferibing an algebraic curve, at leaft of 
the parabolic kind, through any number of given 
points ; yet the conlideration of curves is not at all cf- 
fential to it, though it may help the imagination. The 
description of a parabolic curve through given points, 
is the lame pioblem as the finding of quantities from 
their given differences, which may always be done by 
Algebra, by the rrfolutinn of iimple equations. Sec 
Stirling’s Method. Differ, pa. 97. This ingenious 
author has treated very fully of the differential method, 
and (hewn its ufe in the folution of fome very difficult 
problems. See alfo Series. 

Different!at. Scale, in Algebra, is ufed for the 
fcale of relation fubtractcd from unity. See Recurring 
Serifs. 

DIFFRACTION, a term firft ufed by Grimaldi, 
to denote that property of the rays of light, which 
others have called Inflection■; the difeovery of which 
is attributed by fome to Grimaldi, and by others t« 
Dr. Hook- 

DIGBY ( Sir Kr stem), a famous Englith philo- 
fopher, was born at Guthuril in Buckinghamfhire, 
1603. He was defeended of an ancient family : hie 

f jreat grandfather, with fix of his brothers, fought va- 
lantly at Bofwortli-field on the fide of Henry the 7th, 
againft Richard the 3d. His father, Everard, engaged 
in the gunpowder plot againft James the ift, for which 
he was beheaded. His Ion, however, was reftored to 
his eftate 5 and had afterwards feveral appointment* 
under king Charles the ift. He granted him letter* 
of rvprifal againft the Venetians, from whom lie took 
feveral prizes with a fmall licet which he commanded. 
He fought the Venetians near the port of Scandereon, 
and bravely made his way through them with hi* 
booty. 

In the beginning of the civil wars, be exerted liim- 
fclf greatly in the king’s caufe. He was afterward* 
imprifoned, by order of the parliament ; but was fet at 
liberty in 1643. He afterward compounded for hi* 
eftate ; but being hanifhed from England, he retired to 
France, and was fent on two emhaffies to Pope Inno¬ 
cent the 10th, from the queen, widow to Charles the 
ill, whofe chancellor he then was. On the reft drat ion 
of Charles the 2d, he returned to London; where he 
died in 1665, at 62 years of age. 

Digby was a great lover of learning, and tranfiated 
feveral authors into Englifh, as well as publifhed feveral 
works of his own ; as, 1. Obfet'vations upon Dr. Brown's 
Rc/igio Medici, 1643.-2. Obfervations on part of Spen- 
frr’s Fairy $>vccn, 1644.—3. /t Treatife of the Nature 
of Bodies, 1644.—4, xt Treatife declaring the Operations 
and Nature of Matt’s Soul, out of which the Immortality 
of reafonaHe fouls is evinced: works that difeover great 
penetration and extenfive knowledge. 

He applied much to cliemiftry ; and found out feve- 
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ral ufeful medicines, which he diftributed with a liberal 
baud. H|e particularly diftinguilhed himfelf by his 
fyinpathetie powder foi. the cure of wounds at a dif- 
tance; his dil'courfc concerning which made great noiic 
for a while. ’ lie held fcvcr.il conferences with Des 
Cartes, about the nature of the foul, and the principles 
of things. At the beginning of the Royal Society, he 
became a diftinguilhed member, being one of the firlt 
council. And he had at liis own houfe regular levees 
or meetings of learned men, to improve themfelvos in 
knowledge, by converting with one another. 

This eminent perfon was, for the early pregnancy of 
liis talents, and his great proficiency in learning, com¬ 
pared to the celebrated Ficus de Mirandola, who was 
one of the wonders of human nature. Yet his know¬ 
ledge, though various and extenlive, probably appeared 
greater than it really was { as he had all the powers of 
elocution and addrefs to recommend it. He knew how 
to fliine in a circle, cither of ladies or philofophers; and 
was as much attended to when he ipoke on the mult 
tiivial fubje&s, as when he fpoke on the moll important. 
It has been faid that one of the princes of Italy, who 
had no child, was defirous that his prineei’s fliould bring 
him a fon by Sir Kenehn, whom he tlleemed a juii 
model of perfection. 

DIGGES (Leonard), a confiderable mathemati¬ 
cian in the 16th century, was dcfccndcd from an an¬ 
cient family, and bom at Digges-court in the jjarilh of 
Barham in Kent ; but in what year is not known ; and 
died about the year 1574, He was educated for fome 
time at Oxford, where he laid a good foundation of 
learning. Retiring from thence, he prolecuted liis 
/ludies, and became an excellent mathematician, a Ikil- 
ful architect, and an expert furveyor of land, Sic. He 
compofcd* fevcral books: as, 1. Ttdonieum: briefly 
Jhctving the exact Meafuring, anti /fleetly Reckoning of all 
manner of bands , Squares, Timber, Stones , Sterflits, itfr ; 
1556,4to. Augmented and publilhcd again by liis foil 
Thomas Digges, in 1592 ; and alfo reprinted in 1647. 
<—2. A Geometrical Pradical Treatife, named Pantvrne- 
tria, in three bools. This he left in manufeript; but 
after his death, his foil fupplied filch parts of it as were 
obfeure and imperfedt, and publilhcd it in 1591, folio; 
fubjoining, “ A Difcourfe Geometrical of the live re¬ 
gular and Platonic bodies, containing fundry theoretical 
and practical propofitions, ariling by mutual conference 
of thefe folids, Infeription, Circumfcription, and Tratif- 
formation.”—3. Pro ■’noflieation live via flin f. of ri”ht food 
tffkU : or Choice Rules to judge the 11 ’tat her by the Sun, 
Moon, and Stars, (jfe ; in 4to. 1755, 1 756, and 1564 : 
corrc&id and augmented by his fon, with divers general 
tables, and many compendious rules, in 410, 1592. 

DIGGES (Thomas), only fon of Leonard Digges, 
after a liberal education from his tendered years, went 
and iludied for fome lime at Oxford; and by the im¬ 
provements he made there, and the fubferjiieut inilruc- 
tions of his learned father, became one of the bell ma¬ 
thematicians of his age. When queen Elizabeth fent 
fome forces to affift the opprelfcd inhabitants of the 
Netherlands, Mr. Digges was appointed niuller-mafter 
general of them; by which he became well (killed in 
military affairs j as his writings afterward llitwcd. He 
died in 1595. 

Mr. Digges, befidc rcvifmg, correcting, and cnlarg- 
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ing fome pieces of liis father’s, already mentioned, wrote * 
and publilhcd the following learned works himfelf: viz r 
1. Ala five Seal* Mathematics ; or Mathematical IVingt 
or Ladtlers, 1573* 4to. A book which contains feve- 
ral demondrations for finding the parallaxes of any co¬ 
met, or other cclellial body, with a correction of the 
errors in the ufe of the radius adronomicus.— 2 . An 
Arithmetical Military Treatifi, containing fo much of 
Arithmetic us is neceffary towards military difciflline , 1579* 
4to.—3. A Geometrical Treatife, named Stratioticos , re* 
q it i/it e for the perfection of Soldiers, 1579 * 4 *°’ This 
was begun by his father, but finilhed by himfelf. They 
were botli reprinted together in 1J90, with fevcral ad¬ 
ditions and amendments, under this title; “ Ah Arith¬ 
metical Warlike Treatife, named Stratioticos, compcn- 
dioully teaching the fcience of Numbers, as well irv 
Fractions as Integers, and fo much of the Rules and 
Equations Algebraical, and art of Numbers Cubical, 
as are lequifite for the profeflion of a fouldier. To¬ 
gether-with the Modunc militaire dii'cipiinc, offices,, 
l.iwes, and orders in every well-governed campe and 
arnue, inviolably to he obferved.” At the end of this 
work there are two pieces ; the fird, “ A briete and true 
report of the proceedings of the Earle of Leycelter,. 
for the reliefe of the townc of SIucc, from his arrival at 
Vlilliing, about the end of June 1587, untill the furren- 
drie thereof 26 Julii next enfuing. Whereby it (hall 
plaint-lie appear, liis txcellencie was not in anie fault for. 
the Ioffe of that towiie tlic fecond, “ A briefe dif¬ 
courfe what orders were bed for repulling of foraine 
forces, if at any time they Ihould invade us by fca in 
Kent, or elfewherc.”—4. Aflerfd J)ijcnfltion of the Ce- 
leflial Orbs, according to the mofl ancient dodrine <j the Py - 
thagoreans, (S’c. This was placed at the end of his 
father’s “ Prognollication Evcvlalling, See.” printed in. 
1592, 4to.-—5. A humble Motive for Affociation to main¬ 
tain the religion eflabH/hed, 1601, Hvo. To which is add¬ 
ed, his la tter to the fame flurflo/e to the archbifhofls and 
hijhofls of ling laud. —6. Ragland's Defence : or, A Trcct- 
tife concerning Invajrm. This is a tract ut the lame na¬ 
ture with that printed at the cud of liis Stratioticos, 
and called, A briefe Difeou.fe, &e. It was written in 
1599, hut not publilhcd till 1686. — 7 . A latter printed 
bej ore Dr. 'John Dec's Para/hiti.a Gore menial anus flrax- 
eofque nucleus quidam, I 573, 4to.—Betide tliclc, and lus 
Nova Corpora, he left few ral mathematical treat ifes 
ready for the prefs ; which, by rcalon ot hi win its and 
other avocations, he was hindered from publilhing. 

If our author was great in himfelf, lie was not lefs fo 
in his fon, Sir Dudley Digges, fo celebrated as a poli¬ 
tician and. elegant writer. 

DIGIT, in Arithmetic, one of the ten characters 
O, 1,2, 3, 4, 5, 6, 7, 8, 9, by means of which .ill num¬ 
bers are cxpieffcd. 

Digit, in Atlronomy. is the meafure by which the 
part of the luminaries in eclipfcs is eflimated, being the 
I2th part of the diameter of the luminary. Tlius, an 
eclipfe is faid to he of 10 digits, when 10 parts out of 
12 of the diameter are in the eclipfed part; when the 
whole of the luminary is juft all covered, the digits 
eclipfed arc juft 12 ; and when the luminary is more 
than covered, as often happens in lunar eclipfcs, then 
more than 12 digits arc faid to be eclipfed: Thus, if 
the diameter or breadth of the earth’s lhadow, where 
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the moon paffes through, be equal to one diameter and 
a half of the moon, then i8* or digits are faid to be 
edipCed. 

Thde digits are by Wolfius, and fome othcra, called 

digiti telipiici. 

Dicit is alfo a meafure taken from the breadth of 
the finger} being eftimated at 3-41 hs of an inch, and 
equal to 4 grains of barley, laid breadth-ways, fo as to 
touch each other. 

DILATATION, a motion of the parts of a body 
by which it expands, or opens itfelf, fo as to occupy a 
greater fpacc. 

Many authors confound dilatation with rarefaction } 
but the more accurate writers diflinguilh between 
them ; defining dilatation as tlu: expanfion of a body 
into a greater bulk, by its own elaitie power; and ra¬ 
refaction, the like expanfion produced by means of 
heat. 

The moderns have obferved, that bodies which, after 
being comprefled, and again left at liberty, reltore 
themfelvcs perfectly, do endeavour to dilate theinfclves 
with the fame force by which they are comprefled ; 
and accordingly they fuftain a force, and raife a 
weight equal to that with which they arc comprefled. 

Again, bodies, in dilating by their claftic power, 
exert a greater force at the beginning of their dilatation, 
than towards the end ; as being at flrfl more compre-f- 
fed ; and the greater the compreflion, the greater the 
elaflie power and endeavour to dilate. So that thefe 
thn\, tlu- eomprefling power, the compreflion, and the 
elafl’c power, are always equal. 

rinally, the motion by which comprefled bodies re- 
fl ore tliemfclves, is ufually accelerated : thus, when 
comprefled air begins to rellore itfelf, and dilate into 
a greater fpacc, it is Hill comprefled ; and confequcnt- 
lv a new impetus is ftill imprellid upon it, from thedi- 
latntivc caule ; and the former remaining, with the in- 
cveufe of the eaufe, the efleCl, that is the motion and 
velocity, mnft be inereafed likewife. indeed it may 
h 'ppen, that where the comprclm n is only partial, the 
motion of dilatation (ball not he accelerated, but re- 
tardid; .r is evident in the compreflion of a fpunge, 
foft bread, gauze, &c. 

DILUTE. T«» elilute - a bodv, is to remlerit liquid ; 
or, if it were liquid before, to render it more fo, by the 
addition eif a thinner to it. 

DIMENSION, the extonfior. of a hotly, confuiered 
as meafurahle. Hence, as we conceive a hody extend¬ 
er!, and menfurahle in length, breadth, and depth, di- 
menfion is eon fid; red as threefold, v:V, length, breadth, 
and thieknefs. Sti a line has one dimenfiem only, viz 
length; a fupei fie in? two, length and breadth; and a 
body or folid has tlue’c, viz, length, breadth, and thiek¬ 
nefs. 

1) 1 m uk sion is alfo particular hr ufd with regarel to 
the powers of quantities in equations. Thus, in a 
limplc equation, x =. a + b, the unknown quantity is 
only of erne dimenfion ; in a quadratic equation, 
sc* = «*-}- l 1 , it is of two dimenfimis ; in a cubic, 
r 3 — a 3 + i 3 , it is of three dimenfions ; and fo on. 

DlMETlENT, has fometimes been ufed for dia¬ 
meter. 

DIMINISHED Angle, a term in Fortification. See 
Akclk. 


DIMINUTION, in Mufic, is the abating fome* 

thing of the full value or quantity of any note. 

Diminution, in Architecture, is a contraction of 
the upper part of a column, by which its diameter i» 
made lefs than that of the lower part. 

DINOCRATES, a celebrated ancient architect of 
Macedonia, of whom feveral extraordinary things are 
related. He was taken, by Alexander the Great, into 
Egypt, where lie employed him in marking out and 
building the city of Alexandria. He formed a defign r 
in which Mount Athos was to be laid out into the 
form of a man, in whofc left hand w£re defigned the 
walls of a great city, and all the rivers of the mount flow¬ 
ing into his right, and from thence into the fea. An¬ 
other memorable inilancc of Dinocrates’s architectonic 
ffcill, is his refloring and building, in a more auguit and 
magnificent manner than before, the celebrated temple 
of Diana at Eplicfus, after Herolhatus, for tile fake of 
immortalizing his name, had deltroycd it bvfire. A third 
inilancc, more extraordinary and wonderful than either 
of the former, is related by Pliny in liis Natural Hillo- 
ry ; who fays lie had formed a feheme, by building the 
dome of the temple of Arfiuoc at Alexandria of 
loadflone, to make her image nil of iron to hang in the 
middle of it, as if it were in the air; but ihc king’s 
death, and his own, prevented the execution or attempt 
of this project. 

DIONYSIUS, the Periegr/L, an ancient geographer 
and poet. Pliny fays, lie was a native of the Puflan 
Alexandria, afterwards called Antioch, ami at lall Char- 
rax ; that he was lent by Align 11 us, to furvey the eail- 
ern jiait of the world. Dkmylius wrote a great iium. 
ber of pieces, enumerated by Saidas ami hi.; commen¬ 
tator Luilatliius : but his l\riegrfts, e»r Survey of the 
Worldy is tlier only one now extant ; which •may be 
well clb.vm.-il one of the melt e xact i\ Hems of an¬ 
cient gt'ograpliy, finee Pliny hirafeif prupoied it as his 
pattern. 

DIOVVS 1 AN, or Tlelorhm Per:yd. Sec Pfriod. 

DIO PH ANTI'S, a celebrated mathenrat ieian of 
Alexandria, who has been lepuled to. be the inventor 
of Algebia ; at lead his is the earlielt wutk extant 011 
that fcicace. it i:, i.ot eeitaiu when Diopluntu.s liicd. 
Some ha\e plaice' him befoic (..'brill, and fume after, 
in the reigns of Nero and the Auto.dues ; lint all with 
equal uncertain:v. It h cm-, he is the fame Diophan- 
tus who wri te the (',11.0/1 A/i'ronmui, u.i, which huiclas 
fays was comment eel e>n Iiv the celebrated Hypatia, 
daughter of Thee n of Alexandria, llis reputation 
mull have been wry hij: among the ancients, linee 
they ranked him with Pythagoras anti Euclid in ma¬ 
thematical learning, ibulut. in his noli; ujion the 3th 
book LP Ari.’hmnhis, has collivte J. from Diuphantus's 
epitaph in the Antlio’ugia, the foilow ing eiuumllances 
of his life; namely, that hr was manicei when In" was 
33 years old, and had a Jon bom 5 ye .us after; that 
this foil died when he was j2 yens of age, and that 
his father did not fur\iic him above 4 yeais; from 
which it appeals, that Diophantus was £4 years old. 
when Ke died. 

DIOPHANTUS wrote books of Arithmetic, or 
Algebra, which Rcgi-'niontaoiis in his preface to Alfra- 
ganur, tells us, are lli'll vrelf'.te! in mauufeript in the 
Vatican library. ’ indeed Dkphaatus lunik If tells us 

tliat. 
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that lii.; work confiftcd of 13 books, viz, at tlie end of 
his add refs to Dionyfius, placed at the beginning of 
the work ; and from hence Regiomontanus might be 
led to fay the 13 books were in that library. No 
more than f whole hooks, with part of a feventh, have 
ever been publifhed; and I am of opinion there are 
no more in being; indeed Bombelli, in the preface to 
his Algebra, written 1 772, fays there were but 6 of the 
books thru in the library, and that he and another were 
about a tranll.ition of them. 

Tiiofe 6 hooks, with the imperfect 7th, were firft 
puhliflicd at Bafil by Xylander in 1575, but in a Latin 
verfion only, with the Greek fcholia of Maximus 
Plamides upon the two firft books, and obfervations of 
his own. The fame books were afterwards publilhcd 
in Greek and Latin at Paris in 1621, by Rachel, an in¬ 
genious and learned Frenchman, who made anew Latin 
verfion of the work, and cmiehed it with very learned 
commentaries. Bachet did not entirely negledt the 
notes of Xylander in his edition, hut lie treated the 
fcholiaft Plamides with the utmoft contempt. Hefeems 
to intimate, in what he fays upon the 28th queftion of 
the 2d hook, that the 6 books which we have of 
Diophanlus, may be nothing more than a collection 
made by fomc novice, of fuch propofitions as he judged 
proper, out of the whole 13 : hut Fabricius thinks there 
is no jull ground for fuch a fuppofition. 

DIOPHANTINE Prohbms, are certain queftions 
relating to fquare and cubic numbers,' and to right- 
angled triangles, &c ; the nature of which were firft and 
chiefly treated of by Diophantes, in his Arithmetic, or 
rather Algebra. 

In thefe queftions, it is chiefly intended to find com- 
menfurable numbers to anfwer indeterminate problems; 
which often bring out an infinite number of incommen- 
furablc quantities. For example, let it be propofed to 
find a right-angled triangle, whofe three fides x, y, % 
are expreffed by rational numbers ; from the nature of 
the figure it is known that .v* -f- y 1 = 2*, where 2 de¬ 
notes the hypothenufe. Now it is plain that x and y 
may alfo be Ft* taken, that s (hall be irrational; for if 
* — 1, and y = 2, then is 2 = */$. 

Now the art of rcfolving fuch problems, confifts in 
ordering the unknown quantity or quantities, in fuch a 
manner, that the fquare or higher power may vanifti 
out of the equation, and then by means of the unknown 
quantity in its firft dimenfion, the equation may be re- 
folvcd without having recourfe to incommenfurablcs. 
For ex. in the equation above, x % •+- y 1 =• 2*, fup- 
pofe 2 = x •+• «, then is nr* + y % = x 1 + 2 xu + a*, out 
of which equation x % vanifhes, and then it is y 1 — 

• y* w u 1 

2xu + it 1 , which gives x — -. Flence, affum- 

2 a 

ing y and u equal to any numbers at pJcafure, the three 


y' 


and 


yr + 


fides of the triangle will be v, 

h J 2U 2U 

which are all rational whenever y and u arc rational. 
Forex, if y =3, and u = 1, then 


y* _ yX 


— 4, and * +» or 


+ 


= 5- 


It is 


2U 2 u 

evident that this problem admits of infinite numbers of 
folutions, asyorwiray be a (Turned infinitely various. 
See Algebra, and Dior hantus. 

Abundant information on this fort of problems may 


be found in the writings of a great many authors, par¬ 
ticularly Fermat, Bacnet, Ozanam, Kerfey, Saunder* 
fon, Euler, &c. 

DIOPTER, or Dioptra, the fame with the index 
or alhidade of an aftrolabe, or other fuch inftrument. 

DIOPTRA was an inftrument invented by Hip¬ 
parchus, which ferved for feveral ufes ; as, to level wa- 
ter-courfea; to take the height of towers, or places at 
a dillancc ; to determine the. places, magnitudes, and 
diftances of the planets, &c. 

DIOPTRICS, called alfo atwchjlin, is the dodlrinc 
of refradted vifion ; or that pait of Optics which ex¬ 
plains the effects of ligiit as rcfradled by paffing through 
different mediums, as air, .water, glafs, &c, and efpecial- 
Iy lenfes. 

Dioptrics is one of the moil ufeful and ploafant of 
all the human feiences; bringing the renioteft objcdL 
near hand, enlarging the fmalic ft objedls fo as to (hew 
their minute parts, and even giving fight to the blind; 
and all this by the fimplc means of the attractive power 
in glafs and water, can ling the rays of light in their 
paffage through them to alter their courl’e according to 
the different fubftances of the medium; whence it hap¬ 
pens, that the ohjeft feen through them, do, in appear¬ 
ance, alter their magnitude, diftauce, and lituation. 

The ancients have treated of direct and reflected vi¬ 
fion ; but what we have of refracted vilion, is very im- 
perfeft. J. Baptiiia Porta wrote a treatife on refrac¬ 
tion, in 9 books, hut without any great improvement. 
Kepler was the firft who fucrccdcd in any great de¬ 
gree, on this fubjeft; having demonftrated tlie proper¬ 
ties of fpherical lenfes very accurately, in a treatife firft 
publilhcd anno 1611. After Kepler, Galileo gave fome- 
what of this doftrine in his Letters ; as alfo an Exami¬ 
nation of the Preface of Johannes Pena upon Euclid's 
Optics, concerning the life of optics in aftronomy. Dot 
Cartes alfo wrote a treatife on Dioptrics, commonly 
annexed to his Principles of Philofophy, which is one 
of his bed works ; in which the true manner of vifion 
is more diftindtly explained than by any former writer, 
and in which is contained the true law of refraftion, 
which was found out hy Snell, though the name of 
the inventer is fupprefled : here are alfo laid down 
the properties of elliptical and hyperbolical lenfes, 
with tlie praftice of grinding glaffcs. Dr. Barrow has 
treated on Dioptrics in a very elegant manner, though 
rather too briefly, in his Optical Lectures, read at Cam¬ 
bridge. There are alfo Huygens’s Dioptrics, an excel¬ 
lent work of its kind. Molyneux’s Dioptrics, a work 
rather heavy ami dull. Hartfoeker’s Effai de Diop- 
trique. Chcrubin’s Dioptrique Oculaire, ct La Vi¬ 
fion Parfaite. David Gregory’s Elements of Diop¬ 
trics. Trailer’s Nervus Opticus. Zahn's Oeulus Ar- 
tificiulis Tcledioptricus. Dr. Smith’s Optics, a com¬ 
plete work of its kind. Wolfius’s Dioptrics, contained 
in his Elementa Mathefcos Univerfalis. But over all, 
the Treatife on Optics, and the Optical Lectures of 
Newton, in whofe experiments are contained far more 
difeoveries than in all the former writers. Laftly, this 
fcicnce was ptrfedled by Dollond’s difeovery of the 
acromatic glaffcs, by which the colours arc obviated in 
refracting telefcopes. 

The laws of Dioptrics fee delivered under the article 
Refraction, Lens, &c; and the application of it 
in the conftru&ion of telefcopes, mifcrofcopcs, and other 

dioptrical 
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dioptrical inftruments, under the articles Telescope, 
and Microscope. 

DIP of the Horixon. Sec Depression. 
Dipping-A t «’<&, or Inclinatory Needle, a magnetical 
needle, fo hung, as that, indeed of playing horizontal¬ 
ly, and pointing out north and foutn, one end dips, or 
inclines to the horizon, and the other points to a certain 
decree of elevation above it. 

The inventor of the Dipping-needle was one Robert 
Norman, a compafs-maker at Ratcliffe, about the year 
1 $80 ; this is not only tcdiBcd by his own account, in 
his New Attractive, but alfo by Dr. Gilbert, Mr. Wil¬ 
liam Burrowes, Mr. Henry Bond, and other writers of 
that time, or foon after it. The oecalion of the difeo- 
very he hiinfelf relates, viz, that it being his cudom to 
finilh, and hang tile needles of his com pa lie:;, before lie 
touched them, he always found that, immediately after 
the touch, the north point would dip or decline down¬ 
ward, pointing iu a direction under the horizon ; fo 
that, to balance the needle again, he was always forced 
to pul a piece of wax on the iouth end, as a counter- 
poile. The conftancy of this effect led him, at length, 
to obferve the urecife quantity of the dip, or to mea- 
fure the greatcil angle which the needle would make 
with tlie horizon. This, in the year 1576, he found 
at London was 71 0 50'. It is not quite certain whether 
t he dip varies, as well as the horizontal direction, in the 
fame place. Mr. Graham made a great many experi¬ 
ments with the dipping-needle in 1723, and found the 
dip between 74 and 75 degrees. Mr. Nairne, in 1772, 
found it fomewhat above 72 0 . And by many obferva- 
tions made fince that time at the Royal Society, the 
medium quantity is 72°^. The trifling difference be¬ 
tween the lirii obfervations of Norman, and the laft of 
Mr. Nairne and the Royal Society, lead to the opinion 
that the dip is unalterable ; and yet it may be difficult 
to account for the great difl'eience between thefe anti 
Mr. Graham’s numbers, confidering the well-known 
accuracy of that ingenious gentleman. Philof. Tranf. 
vol. 4?, pa. 279, voi. 62, pa. 476. vol. 69, 70, 71. 

It is certain however, from many experiments and 
obfervations, that the clip is different in different lati¬ 
tudes, and that it inereafes in going northward. It 
appears from a table of obfervations made with a ma¬ 
rine dipping needle of Mr. Nairne’s, in a voyage to¬ 
wards the north pole, in 1773. that 

in latitude 6o° 18' the Dip was 7J 0 o', 

in latitude 70 45 tlie Dip was 77 52, 

in latitude 80 12 the Dip was 81 52, and 

in latitude 80 27 the Dip was 82 2J. 

See Phipps’s Voyage, pa. 122. See alfo the Obferva¬ 

tions of Mr. Hutchins, made in Hudlon’s Bay and 
Straits, Philof. Tranf. vol. 65, pa. 129. 

Burrowes, Gilbert, Ridley, Bond,&e, endeavoured to 
apply tiiis dilcovcry of the dip to the finding of the la¬ 
titude ; and Bond, going flill farther, lirii of any pro- 

} iofed finding tlie longitude by it; but for want of ob- 
ervations and experiments, he could not go any length. 
Mr. \Vbillon, being furnifhed with the farther obferva¬ 
tions of colonel Windham, Dr. Halley, Mr Pound, Mr. 
Cunningham, M. Noel, M. Feuille, and his own, made 
great improvements in the doCtrine and ufe of the dip¬ 
ping-needle, brought it to more certain rules, and endea¬ 
voured in good earneli to find the longitude by it; For 


this purpofe, he obferves, 1 ft, That the true tendency 
of the north or fouth end of every magnetic needle, is 
not to that point of the horizon, to which the horizon¬ 
tal needle points, but towards another, direftly under 
it, in the fame vertical,* and in different degrees under 
it, in different ages, and at different places, zdly, That 
the power by which the horizontal needle is governed, 
and all our navigation ufually directed, it is proved is 
only one quarter of the power by which the dipping- 
needle is moved; which fhould render the latter far the 
more effectual and accurate inflrument. 3'ily, That a 
dipping-needle of a fool long will plainly fhew an altera¬ 
tion of the angle of inclination, in their parts of the 
world, in half a quarter of a degree, ur yl geographi¬ 
cal miles { and a needle of 4 feet, in 2 or 3 miles ; 1. e. 
fuppofing thefe diitauces taken along, or near a meri¬ 
dian. 4thly, A dipping-needle, 4 feet long, in thefe 
parts of the world, will Ihrw an equal alteration along 
a parallel, as another of a foot long will fhew along 
a meridian ; i. e. that will, with equal exaftnefs, fhew 
the longitude, as this the latitude. 

This depends on the pofilion of the lines of equal 
dip, in thefe parts of the world, which it is found do 
lie about 14 or 15 degrees from t he parallels. Hence 
he argues, that as we can have needles of 5, 6 , 7, 8, or 
more feet long, which will move with ftrength fufficient 
for exadt obfervation ; and finite microfeopes may be 
applied for viewing the fmallell divifions of degrees on 
the limb of the inurnment, it is evident that the longi¬ 
tude at laud may thus he found to lefs than 4 miles. 

And as there have been many obfervations made at 
fea with the fame inflrument by Noel, Feuille, &c, 
which have determined the dip ufually within a degree, 
fometimes within -{ or j of a degree, and this with 
fmall needles, of 5 or 6, or at the mult 9 inches long ; 
it is inferred, that tlie longitude may be found, even at 
fea, to lefs than half a quarter of a degree. This pre- 
miied, the obfervatinn itfclf follows. 

"To find the J.-oft!udr or Latitude by the Dipping- 
Needle .—If the lilies of equal dip, below the horizon, 
be drawn on maps, or lea-charts, from good obferva¬ 
tions, it will be eafy, from the longitude known, to 
find the latitude; and from the latitude known, to find 
the longitude either at fea or land. 

Suppofe, for example, a perfon travelling or failing 
along the meridian of London, fhould find that the 
angle of dip, with a needle of one foot, was 75 0 ; the 
chart, will fhew that this meridian, and the line of dip, 
meet in the latitude of 53 0 11'; which i> therefore the 
latitude fought. 

Or if he be travelling or haling along the parallel 
of London, i. c. in c 1° 3 1 north latitude, and find tlie 
angle of dip 74 0 ; then this parallel, and the line ut tics 
dip, will meet on the map iu t° 46' of caff longitude 
from London ; which then-fore is the longitude fought. 

DIRECT, in Arithmetic, is when the proportion of 
any terms, or quantities, is in tilt natural or diieft or¬ 
der in which they Hand ; being the oppolite to inve.fe, 
which confiders the proportion 111 the inverted onLr of 
the terms. So, 3:4:16:8 diretlly ; or 3 : 4 :: 8 : 6 
inverfely. 

Rule of Three Direct, is when both pairs of terms 
are in direft proportion. 

Di&ect, in Ailronomy. A planet is faid to be di- 

tcc\ 
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reft, or It# motion dirert,* wlieh it goes forward by it# 
proper motion in the zodiac, according to the fuccef- 
fion or order of the figns; or when it appears fo to 
do, to an obferver Handing upon the earth. Whereas 
it is faid to be, or to move retrograde , when it appears 
to go the contrary way, or backward ; and to be Jla- 
ticnary, when it feems not to move either way. 

Direct Dials. See Dial and Dialling. 

Direct, in Optic#. Direfl vifion is that perform¬ 
ed by direct rays ; in contradiftinrtion to vifion by re- 
frafied, or reflected rays. Direct vifion is the fubjert 
of Optics, which preferibes the laws and rules of it. 

Direct Rays , are thofc which pafs on in right lines 
from the object to the eye, without being turned out 
of their rectilinear direction by any intervening body, 
cither opaque or pellucid ; or without being either re¬ 
flected or refrarted. 

Direct Sphere. Sec Right Sphere. 

DIRECTION, in Aftronomy, the motion and other 
phenomena of a planet, when dircA. 

Direction, in A Urology, is a kind of calculus, by 
which they pretend to find the time in which any not¬ 
able accident fhall befall the perfon whofe horofeope 
is drawn. 

For inftance, having eftabliflied the fun, moon, or 
mfeendant, as mailers or fignificators of life ; and Mars 
or Saturn as promifers or portenders of death ; the di- 
redtion is a calculation of the time in which the figni- 
jicator {hall meet the portender. 

The fignificator they* likewife call apheta, or giver of 
life ; and the promifer, anereta , provifj'or, or giver of 
death. 

They work the niredtions of all the principal points 
of the heavens and liars, as the afeendant, mid-heaven, 
fun, meon, and part of fortune. The like is done for 
the planets and fixed fiats ; but all differently, accord¬ 
ing to the different authors. 

Jane tf Direction, in Gunnery, Is the diredt line 
in which a piece is pointed. Sometimes a line of di- 
redtion is marked on the upper fide of the gun, by a 
fmall notch or flit, or knob, in the bafe and muzzle 
rings : but, unlefs the two wheels of the carriage Hand 
equally high, this line will be fallacious ; for which rca- 
fon the gunners commonly find a new line of diredtion 
every time, by means of a plummet. 

Line of Direction, in Mechanics, denote* the line 
in which a body moves, or endeavours to proceed. 

Angle of Direction, is that comprehended between 
the line# of diredtion of two confpiring power*. 

Quantity tf Direction, isufed for the produdt arif- 
ing from multiplying the velocity of the common cen¬ 
tre of gravity, in a fyfiem of bodies, by the fum of 
their mafies. In the collifion of bodies the quantity of 
diredtion is the fame both before and after the impulfe. 

Direction of the LoadStone, that property by which 
the magnet, or a needle touched by it, always prefents 
one of its ends toward one of the poles of the work!, 
and the oppofite end to the other pole. This is alfo 
called the polarity of the magnet or needle. 

The attradtive property of the magnet was known 
long before its diredtive; and the diredtivc long before 
the inchnatory. 

Number tf Direction, is the number of days that 
Sepiimgefima Sunday falls after the 17th of January. 
See Nvmbik. 


DIRECTLY, in Geometry: we fay two lines lie df- 
redtly againtt each other, when they are parts of the 
fame right line. Alfo quantities arc faid to be dirert- 
ly proportional, when the proportion is according to 
the order of the terms ; in contradiflindtion to inverfely t 
or reciprocally proportional, which is taking the pro¬ 
portion contrary to the order of the terms. 

In Mechanics, a body is faid to flrikc or impinge 
direftly againfl another body, when the firoke is in a di ■ 
redtion perpendicular to the furfacc at the point of im¬ 
part. 

And a fphere in particular ftrikes dirertly againfl 
another, when the line of diredtion pa lies through both 
their centres. 

DIRECTRIX. SeeDiaiGENr. 

Directrix, in a Parabola, a line perpendicular to 
the axis produced, at the diltancc of the focus without 
the vertex. 

DIRIGENT, a term exprefling the line of motion, 
along which n deferibent line, or furface, is carried in 
the genefis of any plane or folid figure. 

Thus, if the line AB move 

f iaraliel to itfelf, and along the 
ine AI), fo that the point A 
always keeps in the line AD, 
and the point B in the line BC; 
a parallelogram ABCD will he 
formed ; of which the line AB 
is the deferibent, and the line 
AD the dirigent. So alfo, if 
the furface A BEG be fuppofed carried along the line 
AD, in a pofition always parallel to itfelf at its firfl 
fit nation, the folid A F will lie formed ; where the fur¬ 
face AE is the deferibent, and the line AD is the di¬ 
rigent. 

DISC, or Disk, the body or face of the fun or 
moon ; fuch as it appears to us ; for though they tic 
really fphericul bodies, they are apparently circular 
planes. 

The diameter of the dife is confidered as divided into 
12 equal parts, called digits; by means of which it is, 
that the magnitude of an eclipfe is meafured, or eflima- 
ted.—In a total eclipfe of either of thole luminaries, 
the whole dife is oblcured, or darkened; in a partial 
eclipfe, only part of them. 

Illuminated Disc of the Earth. See Circle of //. 
luminal ion. 

Disc, in Optics, the magnitude of a telefcopc glafs, 
or the width of its aperture, whatever its figuie be, 
whether a plane, convex, mcnifcus, or the like. 

DISCHARGER, or Discharging Rod , in Elec¬ 
tricity, confifts of a handle of glafs or baked wood. A, 



and two bent metal rods BB, terminating in points, 
and capable of being fere wed into the knob* DD, which 

move 
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wove by n joint C, fixed to the handle A. Thus it 
may be ufed either with the points or bails, as occafiou 
requires j and by being made moveable on a joint, it 
maybe applied to larger or ftnaller jura at plealure. By 
bringing one of thefe Knobs or points to one coated fide 
wf a charged eledtric, and the other to the other fide, 
or to any conductor connedted with it, the communi¬ 
cation is completed between the two lides, and the 
ckftric is difeharged. 

For the defeription and ufc of an Univerfal Rif- 
charger, by Mr. Henly, with which many curious ex¬ 
periments may be performed, fee Cavallo’s Eledtricity, 
pa. 164. 

DISCORD, the relation of two founds which are 
always, and of themfelvcs, difagreeable, whether ap¬ 
plied in fucceffion or eonfonance. 

DISCOUNT, o r Relate, is ufed for an allowance made 
onabi'l, or any other debt not yet become due, in coa- 
fideration of making prefent payment of the bill or debt. 

Among merchants and traders, it is iifnal to allow a 
film for difeount that is equal to the intereft of the 
debt, calculated for the time till it becomes due : but 
this is not juft ; for as the true value of the difeount is 
equal to the difference between the debt and its prefent 
worth, it is equal only to the intereft of that prefent 
worth, inftead of the intereft on the whole debt. And 
therefore the rule for finding the true difeount is this: 

As the amount of icol, for the given rate and time : 

Is to the given him or debt : : 

So is the intereft of tool, for the given rate and time : 

To the difeount of the debt. 

So that, if/> be the principal or debt, r the rate of 
intereft per cent, and / the time ; 

then as 100+r/ : p :: rt : -, which is the true 

100+r/ 

difeount. Hence alfo p — —■ is the 

lOG+r/ 1 go + rt 

prefent worth, or him to be received. 

Fur f.Y. Suppofe il be required to find the dif¬ 
eount of 250I, for five months, at the rate of 5 per 
cent, per annum intereft. Ilere/i— 250, r--5, and 
t — j 5 ! or 5 months ; then 

pit _ 250 X 5 X , s . _ 250 X £5 _250 __ 

100-f-r/ ico+ 5 * ',*« 1200 + 25 ~ 49 ~ 

5/. 2s. the difeount fought. 

A Tabic of Difcounts may be feen in Smart’s Ta¬ 
bles of Intereft, the ufe of which makes calculations 
of difeount very ealy. 

Discount is alfo the name of a rule in books of 
Arithmetic,by which calculations of Dilcount are made. 

DISCRETE, or Disjunct, Proportion , is that in 
which the ratio between two or more pairs of numbers 
is the fame, and yet the proportion is not continued, 
fo as that the ratio may be the fame between the con- 
fequent of one pair and the antecedent of the next pair. 

Thus, if the numbers or proportion 6 : 8 :: 3 : 4 be 
confidcred : the ratio of 6 to 8 is the fame as that of 
3 to 4, and therefore thefe four numbers are propor¬ 
tional : but it is only ilifartrly or tlisjunttiy, and not 
continued ; for 8 to 3 is not the fame ratio as the for¬ 
mer ; that is, the proportion is broken off between 8 
and 3, and not continued all along, as it is in thefe fol- 

Vol. I. 


lowing four numbers, which arc called continual'propor¬ 
tionals, viz, 3 : 6 :: 12 : 24. 

Discrete Quantity, isfuch as is not continued and 
joined together. Such for iuftance is any number ; for 
it* parts, being diftiudl units, cannot be united into 
one continuum / for in a continuum there are no actual 
determinate pails before divifion, but they are poten¬ 
tially infinite: fo that it is ufually and truly faid that 
continued quantity is divifible in injin turn. 

RISDTAPASON, in Mulie, a compound con¬ 
cord, in the quadruple ratio of 4 to 1, being a fif¬ 
teenth or double eighth, and is produced when the 
voice goes from the firft tone to the fifteenth. 

DIS | UNCT Proportion. See Discrete Proportion. 
DISK. See Disc. 

DISPART, a term in Gunnery, ufed for a mark 
fet upon the muzzle-ring of a piece of ordnance, of 
fucli height, that a figlit-line taken from the top of 
the bale ring near the vent or touch-hole to the top of 
the dilpart near the muzzle, may be parallel to the 
axis of tlie concave cylinder; for which reafon it is 
evident that the height of the dilpart is equal to the 
difference between the radii of the piece at the bafe and 
muzzle-rings, or to half the difference of the diame¬ 
ters there, lienee comes the common method of de¬ 
parting the gun, which is this : Take, with the cali¬ 
pers, the iwo diameters, viz, of the bafe ring and the 
place wheie the difpart is to Hand, fubtrait the left 
from the greater, and take half the difference, which 
will be the length of the difpart, which is commonly 
cut to that length from a {mail bit of wood, and fo 
fixed upright in its place with a bit of wax or pitch. 

DISPERSION, in Dioptrics, is the divergency 
of refradled rays of light. 

Point of Dispersion, is a point from which re¬ 
fracted rays begin to diverge, when their refraction 
renders them divergent.—It is called point of dfperftnn 
in oppufition to the point of concourfr, or point in which 
converging rays concur after refraction. But it is more 
ufual to call the latter the focus , and the former the 
•virtualfecus. 

Dispersion cf J.if't, occafioned by the refrangibf- 
lity of the rays, or the nature of the rcfradling medi¬ 
um. See Aberration, and Inflection. 

DISSIPATION, in Phylics, a gradual, flow, in- 
fenlible lofs or confumplion of the minute parts of a 
body ; or, more properly, the flux by which they fly 
offend arc lull. See Effluvia. 

Circle ^’Dissipation, or Aberration, in Optics, 
denotes that circular fpace upon the retina of the eye, 
which is occupied bv the rays of each pencil in indiilindt 
vifion : thus, if the difiancc of the objedl, or the con ft i- 
tution of the eye, be fuch, that the image falls beyond 
the retina, as when objects are too near ; or before the re¬ 
tina, when the rays have not a fuflieient divergency, the 
rays of a pencil, inftead of being collected into a central 
point, will be di Hi pat ed over this circular fpace: and, 
all other circumftances being alike, this circle will be 
greater or lefs, according to the diftanecs from the re¬ 
tina of the foci of refracted rays. But this circle 
caufes no perceptible difference in the diflinctnefs of 
vifion, unlefs it exceed a certain magnitude ; as foon 
as that is the cafe, we begin to perceive an iudillinct- 
3 D ndst 
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ncfs, which inereafes aa that circle inereafes, till at 
length lhe objefl is loll in confufion. This circle is 
alio greater or Id's, according to the greater or lefs 
magnitude of the vifible object: and though it be not 
enfy to affign the diameter of the faid circle, it leems 
very probable that vilion continues diftintfl for all fuck 
distances, or fo long as thefe circles, or the pencils of 
light from them, do not touch one another upon the 
retina ; and the indiitincluefs begins when the laid cir¬ 
cles begin to interfere. It has been often obferved, 
that a precife union of the refpeflive rays upon the re¬ 
tina, is not necellary to dillincl vilion ; but the firlt au¬ 
thor who afeertained the fail beyond all doubt, was 
I)r. Jurin. See a variety of obfervatiuns and experi¬ 
ments on this fubjcdl, in his Efi'ay on Dillinct and In- 
diftincl Vilion, in Smith's Optics, Appendix. In the 
Philof. Trauf. for 1789, pa. 256, is an excellent pa¬ 
per on this fubjedt by Dr. Malkelyne ; in which he 
computes the diameter of the circle of diilipation at 
•002667 of an inch, making it anfwer to an external 
angle of 15 0 , which lie Ihews is very compatible with 
diiliuct vilion. See alfo Moon, and Vision. 

Radius ^Dissipation, is the radius of the circle 
of diilipation. 

DISSOLVENT, fomething that dilTolves; i. e. 
divides, and reduces a body into its fmallell parts. 

DISSOLUTION, is a feparation of the llrudlure 
of a body, into fmall or minute parts. 

According to Newton, and others, this is efTedled 
by certain powerful attractions. 

DISSONANCE, or Discord, is a falfe confo- 
nancc or concord ; being produced by the mixture or 
{meting of two founds which are difagrreable to the ear. 

DISTANCE, properly fpeaking, denotes the iliort- 
eft line befiveen two points, objedls, &c. 

Distance, in Allronomy, as of the fun, planets, 
comets. Sic. 

The Real Dillances are found from the parallaxes of 
the planets, &c. See Parallax, and Planet, and 
Transit. The dillance of the earth from the fun has 
been determined at 95 millions of miles, by the late 
tranfits of Venus; and from this or.e real dillance, 
and the feveral relative dillances, by analogy are found 
all the other real dillances, as in the table below. 

The Proportional or Relative Dillances of the pla¬ 
nets arc very well deduced from the throw of gravity : 
for Kepler has long Ancc difeovered, and Newton has 
dcmoiillrated, that the fquarcs of their periodical times 
are proportional to the cubes of their dillances. Kep¬ 
ler’s Epit. Allron. lib. 4 ; Newton’s Principal, lib. 3, 
phien. 4; and Gregory’s Allron. book 1, prop. 40. 
if therefore the mean dillance of the earth from the 
fun be afTumed, or fuppofed 10000, we lhall then, 
from the foregoing analogy, and the known periodi¬ 
cal times, obtain the relative dillances of the other pla¬ 
nets: thus, 

The Periodical Revolutions in Days and Parts. 
Mercury. Venus. Earth. Mars. Jupiter. Saturn. Jlerfchel. 

*7ti 2Ms* 365J- 686*1 43324 10759*% 3°44S 
Relative Mean Diftances from the Sun. 

3871 7233 10000132375201095401 190818 

Real Dillance in Millions of Miles. 

37 66 95 J4J 493 i 903 1 1813 


For the dillances of the feconrlaty planets from the 
centres of their refpeflive primaries, fee Satellites. 

As to that of the fixed liars, as having no lenfible 
parallax, we can do little more than guefs at. 

Distance of the Sun from the Moor's node, or apogee, 
is an arch of the ecliptic, intercepted between the 
fun's true place and the moon’s node, or apogee. See 
Node. 

Curtate Distance. Sec Curtate. 

Distance of the Rajlions, in Fortification, is the fide 
of the exterior polygon. 

Accffible Distances, in Geometry, are meafured 
with the chain, dcccmpcda or ten-foot rod, or the like. 

Jnacrejjihlc Distances, are found by taking bear¬ 
ings to them, from the two extremities of a line wliofe 
length is given. Various ways of performing this may 
be feen in my Treatife on Menluration, leCt. 3, on 
Heights and Dillances. 

Distance, in Geography, is the arch of a great 
circle intercepted between two places. 

To find the dillance of two 
places, A and B, far remote from 
each other. AlTume two iiations, 

C and D, from which both the 
places A and B may he feen ; and 
there, with a theodolite, obferve 
the quantity of the angles AC 1 ), 

BCD, ADC, BDC, and me*, 
fure any dillance as AC. 

Then, in the triangle ACI"), there are given the an¬ 
gles ACD, ADC, and the liJc AC ; to find the fide 
CD.—Next, in the triangle BCD, there are given the 
angles BCD, BDC, and the fide CD ; to find the fide 
BC.—LalUv, in the triangle ABC, there arc given 
the angle ACB, and the fides AC, CB ; to find the 
fide AB, which is the dillance fought. 

And in thefe operations, the triangles may be com¬ 
puted either as plane triangles, or as Spherical ones, as 
the cafe may require, or according to the magnitude of 
the dillances. 

The Distance of a remote objeft may n'fo be found from 
its bright. This admits of feveral cafes, according as 
the dillances arc large or fmall, fee. ill, Suppofe that 
from the top of a tower at A, wliofe height AB is 
120 feet, there be taken the angle BAC — 3 5°, and 
the angle BA 1 ) = 6.; n i, to two trees, or other ob¬ 
jects, C, 1 ) ; to find the dillance between them CD, 
and the dillance of each from the bottom of the 
tower at B. 




Firft, rad. : tang. £. BAD :: AB : BD =r 251*585*, 
next, rad. : tang. C. BAC : : AB ; BC = 77-929, 


their difference is the dill. CD = 173-656. 


2d, Suppofe 
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4d, Suppofe it be required to find the diftaucc to 
which an objeft can be leen, by knowing its altitude; 
ex. gr. the Pike of Tcneriffc, whofe height is ac¬ 
counted 3 miles above the level of the feu, Aippofing 
the circumference of the earth 25,000 miles, or the di¬ 
ameter 7958 miles. Let FG be the radius = 3979, 
EF = 3 the height of the mountain, and El a tan¬ 
gent to the earth at the point H, which is the fartheil 
dillant point to which the top of the mountain E canbe 
feen. Here in the right angled triangle EGH, are given 
the hypothemiie EG= 39S2, and the leg FGs= 3979; 
to find the other leg HE ~ 154'. miles r= the dillancc 
fought nearly. Gr, rather, as EG : GH : : rail. : co- 
fm. JL G=. 2° 13'j ; then as 360° : 2 0 13 : 2 25,000 
; 154I miles = the arch of dill. HF fought, the fame 
as before. 

3d, If the eye, inftead of being in the horizon at H, 
were elevated above it at 1, any known height, as 
fuppofe 264 feet, or ./..th of a mile, as on the top of a 
fhip’s malt, &c ; then the mountain can be feen much 
farther oil along the line IE, and the diitance will be 
the two tangents IH and HE, or rather the two arcs 
K 11 and IiF. Hence, as above, as IG : GH : : rad. 
colin. 1 GH = 17 1 ; then as 36c 0 2171:2 25,000 
; 20 miles “ the arc Kll : this added to the former 
arc HF = 1541, makes the whole arc KF = 174 ‘ 
miles, for the whole diiUmcc to which the top of the 
mountain can be leen in this cafe. 

jfpf timil Distance, in Optics, that dillancc which 
we judge an object is placed at when 1‘rcn afar off, be¬ 
ing ufually very different from the true dillancc; be- 
caufe wc are apt to think that all very remote objects, 
whofe parts cannot well be dittinguiihed, and which 
have no other object in view near them, are at the 
lame dillancc from us, though perhaps the one is thou- 
fands of miles nearer than the oilier, as is the calc with 
regard to the fun and moon. 

M. De la Hire cmin.eiatcs five circumftanrrs, which 
afiiit us in judging of the dillancc ot objects; viz, 
their apparent magnitude, the llrength of t he colour¬ 
ing, the direction of the two eyes, the parallax of the 
objects, and the dillinClncfs of their finull parts. On 
the contrary. Dr. Smith maintains, that we judge of 
diitance principally, or folclv, by the apparent magni¬ 
tude of objects ; and concludes univerfallv, that the ap¬ 
parent diitance of an object feen in a glafs, is to its ap¬ 
parent diitance feen by the naked eve, as the apparent 
magnitude to the naked eye is to its apparent magni¬ 
tude in the glafs: Hut it was long fince obferved by 
Alhazen, that we do not judge of diitance merely by 
the angle under which objects arc feen ; and Mr. Ko¬ 
tins clearly fiicws that Dr. Smith’s livpothefis is con- 
traiy to faff, in the molt common and Ample cafes. 
Thus, if a double convex glafs be held upright before 
fome luminous objeft, as a candle, there will he leen 
two images, one ereft, and the other inverte d ; thcfirlt 
is made limply by reflexion from the neareft furface ; 
the fecund by reflexion from the farther furface, the 
rays undergoing a refraction from thcfirlt furface both 
before and after the reflexion. If this glafs has not too 
fliort a focal diitance, when it is held near the objeft, 
the inverted image will appear larger than the other, 
and alfo nearer; but if the glafs l»i carried off from the 
objeft, though the eye remain as near to it as before, 
2 


the inverted image will be dimfniihcd fo much fatter 
than the other, that at length it will appear much left 
than it, but Hill nearer. Here, fays Mr, Robins, two 
images of the fame objeft are feen under one views and 
their apparent diftances immediately compared ; and it 
is evident that thofe diftances have no neceffary connex¬ 
ion with the apparent magnitude. This experiment 
may be made ftill more convincing, by {ticking a piece 
of paper on the middle of the lens, and viewing it 
thiough a fhort tube. He ohferves farther, that the 
apparent magnitude of very dillant.objefts is neither 
determined by the magnitude of the angle only under 
which they are leen, nor is the exact proportion of that 
angle compared with their true diitance, but is com¬ 
pounded alfo with a deception concerning that diitance; 
fo that if we had no idea of difference in the diitance 
of objects, each would appear in magnitude propor¬ 
tional to the angle untilr which it was feen ; and if our 
apprehenfiun of the diitance were always juft, our idea 
of their magnitude would be unvaried, in all diftances; 
but in proportion as we err in our conception of their 
dillancc, the greater angle ftiggefls a greater magni¬ 
tude. By not attending to this compound effect, Mr. 
Robins apprehends that Dr. Smith was led into his mil- 
take. 

Dr. Porterfield has made feveral remarks on the fue 
methods of judging concerning the diitance of objects 
above recited from M. De la Hire ; and he has alio 
added to them one more, viz, the conformation of 
each eye. See Circle of Dissipation. This, he fays, 
can be of no ufe to us, with refpeft to objefts that air 
placed without the limits of diitinct vifion. But the 
greater or lefs confufion with which the objeft appears, 
ns it is more or lefr. removed from thofe limits, will al¬ 
ii II the mind in judging of its diitance : the more con¬ 
futed it appears, the farther will it be thought dillant. 
However, this confufion has its limits; for when an 
object is placed at a certain dillancc from the eye, to 
which the breadth of tluspupil bears nofenfible propor¬ 
tion, the rays proceeding from a point in the object may 
be eonfidcred as parallel; in which cafe, the picture on 
the retina will not be fenfibly more confufcd, though 
the objeft be removed to a much greater diitance. The 
moll univcrfal, and often the molt lure means of judg¬ 
ing of the dillance of objefts, he fays, is the angle 
made by'the optic axes: our two eyes are like two 
different Rations, by the affiftance of which, diftances 
are taken ; and this is the reafon why thofe perfona 
who have loll the fight of one eye, fo frequently mils 
their mark in pouring liquor into a glafs, fnuHing a 
candle, and fucli other aftions as require that the dil- 
tancc be exactly dillinguilhed. With refpeft to the 
method of judging by the apparent magnitude of ob¬ 
jefts, lie ohferves that this can only ferve when we are 
otherwife acquainted with their real magnitude. Thu* 
he accounts for the deception to which we are liable in 
eftimating diftances, by any extraordinary magnitude* 
that terminate them ; as, in travelling towards a large 
city, caftlc, or cathedral, we fancy they are nearer than 
they really are. Hence alfo, animals and finall objefts 
feen in a valley contiguous to large mountains, or on 
the top of a mountain or high building, appear exceed¬ 
ingly final]. Dr. Jurin accounts for the laft recited phe¬ 
nomenon, by observing that we have no diitinft idea of 
3 D 2 diitance 
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diilancc in that oblique dirc&ion, and therefore judge 
of them merely by their pictures on the eye. 

Dr. Porterfield obferves, with refpcCt to the ftrength 
of colouring, that if we are allured they are of a fimi- 
lar colour, and one appears more bright and lively than 
the other, we judge that the brighter object is the 
nearer. When the fmall parts of objeCts appear con¬ 
futed, or do not appear at all, we judge that they are 
at a great difiance, and vice verfa ; bccaufe the image 
of any objeft, or part of an objett, diminishes as the 
diftunce of it increafcs. Finally, we judge of the dil- 
tance of objeCts by the number of intervening bodies, 
by which it is divided into feparate and difiinft parts ; 
and the move this is the cafe, the greater will the dif- 
tance appear. Thus distances upon uneven fur faces ap¬ 
pear lefs than upon a plane, bccaufe the inequalities do 
net appear, and the whole apparent diilancc is dimi- 
nilhcd by the parts that do not appear in it: and thus 
the banks of a river appear contiguous to a diilant eye, 
when the river is low’ and not feen. Accidens de la 
Vue, pa. 358. Smith’s Optics, vol. 1, pa. 52, and 
Rem. pa. 51. Robius’s Tracts, vol. 2, pa. 230, 247, 
231. Porterfield on the Eye, vol. 1, pa. 103, vol. 2, 
pa. 387. See Pricftley’s Hilt, of Vilion, pa. 203, and 
pa. 689. 

Distance, in Navigation, is the number of miles 
or leagues that a (hip has failed from any point or place. 
See Sailing. 

Line of Distance, in Pcr- 
fpedtive, is a right line drawn 
from the eye to the principal 
point: as the line OF, drawn 
between the eye at O, and the 
principal point F. As this is 
perpendicular to the plane, or 

tabic, it is therefore the diilancc of the eye from the 
table. 

Point of Distance, in Ferfpc&ive, is a point in 
the horizontal line at the fame difiance from the prin¬ 
cipal point, as the eve is from the fame. Such arc the 
points P and Q, in the horizontal line PQ, whole dis¬ 
tance from the principal point F, is equal to that of the 
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eye from the fame F. 

DISTINCT Pafe, in Optics, is that diilancc from 
the pule of a convex glafs, at which objects, beheld 
through it, appear diilinct and well defined : fo that 
the DittinCt bafe is the fame with what is otherwil'c 
called the focus. 

The Difiindt bafe is caufed by the collodion of the 
rays proceeding from a lingle point in the object, into 
a lingle point in the rcprcfcntalion : and therefore con¬ 
cave glalies, which do not unite, but (batter and difii- 
pate the rays, can have no real DillinCt bafe. 

Distinct p'ifion . Sec Vision. 

DITCH, in Fortification, called alfo Fofs, and 
Moat , is a trench dug round the rampart, or wall of a 
fortified place, between the fcarp and countcifcarp. 

Ditches are either dry , or wet, that is having water 
in them ; both of which have their particular advan¬ 
tages. The earth dug out of the ditch ferves to rail'e 


the rampart. 

The ditch in front lltould be of fucli breadth as that 
tall trees may not reach over it, being from 12 to 24 
fathoms wide, and 7 or 8 feet deep. The ditches ou 


the lides are made fmaller. Bat the mod general rule 
is perhaps, that the dimenfions of the ditch be fueh as 
that the earth dug out may be fuflicient to build the 
rampart of a proper magnitude. The fpace fometimes 
left between the rampart and ditch, being about 6 or 8 
feet, is called the berm , or lift, ferving to pafs and re- 
pafs, and to prevent the earth from rolling into the 
ditch. 

DITONE, in Mufic, an interval comprehending 
two tones, a greater and a lefs. The ratio of the 
founds that form the Ditonc, is of 4 to 3 ; and that of 
the femi-ditone, of 3 to 6. 

D1TTON (Humphrey), an eminent mathemati¬ 
cian, was born at Salilbury, May 29, 1 ^175. Being an 
only fon, and his father obferving in him an extraor¬ 
dinary good capacity, determined to cultivate it with a 
good education. For this purpofe he placed him in a 
reputable private academy ; upon quitting of which. Ire, 
at thedclirc of his father, though agaiiiil his ow n incli¬ 
nation, engaged in the profellion ot divinity, and be¬ 
gan to cxercifc his function at Tunbridge in the county 
of Kent, where he continued to preach lome years; 
during which time he married a lady of that place. 

But a weak conllitution, and the death of his father, 
induced Mr. Dilton to quit, that profellion. And at 
the perfuaiion of Dr. Harris and Mr. YVhiilon, both 
eminent mathematicians, he engaged in the lludy of 
mathematics, a fciencc to w’hich he had always a lining 
inclination. In the profecution of this fciencc, lie was 
much encouraged by the fuccel's and upplnufc he re¬ 
ceived: being greatly efietmed by the chief profeffors 
of it, and particularly by *Sir Ifaae Newton, by whole 
interefi and recommendation he was elected mailer of 
the new Mathematical School in Chrrl’s Hofpital ; 
where lie continued till his death, which happened in 
1715, in the 40th year of his age, much regretted by 
the philufophical wotld, who expected many ufciuland 
ingenious difeovcrics from his alliduitv, learning, and 
penetrating genius. 

Mr. Dilton puhlifiied fcvera.l mathematical and other 
trails, as below.—I. Of the Tangents of Curves, &c. 
1’liiSof. Tranf, vol. 23. 

2. A Treat ife 0:1 Spheri-.al Cahprics, puhlifiied in 
the n.iiof. Tranf. foi 17c; ; from whence it was co¬ 
pied and reprinted in the Acta Kiiiditoium 170*7, and 
alfo in the Memoirs of the Academy uf Sciences at 
Paris. 

3. General Laws of Nature and Motion ; Svo, 17c 7. 
Wolfius mentions this wor!<,atid fays, that it iilullrates 
and renders eafy tiie writings of Galileo, Huygens, 
and the Prineipia of Newton. It is alio 1 -Jliecd by 
Da Roclic, in the Mcmotrcs dc l.iteiatare, vol. t>, 
pa. 46. 

4. yin Irflitution of Fluxions, containing the firft Prin¬ 
ciples, Operations , and jdppliiatiuns, of that admirable 
Method, as invented by Sir Jjaac Newton; 8vu, 1706. 
This work, with additions anil alterations, was again 
puhlifiied bv Mr. John Clarke, in the year 1726. 

5. In 170911c pubiillied the Synop/is yl/gtlraica of 
John Alexander, with many additions and corrections. 

6. His Freatife on Perfpctiive was puhlifiied in 1712. - 
In this work he explained the principles of that art 
mathematically; and hefides teaching the methods 
then generally praCtifed, gave the full hints of the new 

method. 
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method afterward enlarged upon and improved by Dr. 
Brook Taylor; and which was publiihed in the year 

17 1 5 ’ 

7. In 1714* Mr. Ditton pnblifhed feveral pieces, 
both theological and mathematical ;• particularly his 
Difcourfe on the Refurrefiion of Jefus Chrift} and The 
New Law of Fluids, or a Difcourfe concerning the 4 f- 
cent of Liquids, in exafl Geometrical Figures, between 
two nearly contiguous Surfaces. To this was annexed a 
trail, to demonftrate the impoflibility of thinking or 
perception being the refult of any combination of the 
parts of matter and motion: n iuhjcft much agitated 
about that time. To this work alio was added an ad- 
vertifement from him and Mr. Whiilon, concerning a 
method for difeovering the longitude, which it feems 
they had publiihed about half a year before. This at¬ 
tempt probably- coll our author his life ; for although it 
was approved aud countenanced by Sir ifaac Newton, 
before it was prefented to the Board of Longitude, and 
the method lias been fuccefsfully put in practice, in 
finding the longitude between Paris and Vienna, yet 
that Board then determined againll it: fo that thedif- 
appoiniment, together with fume public ridicule (par¬ 
ticularly in a poem written bv Dean Swift), affected 
his health, fo that he died the enfuing year, 1715:. 

In an account of Mr. Ditton, prefixed to the German 
tranllation of his Difcourfe on the Refurreftion, it is 
laid that he had publiihed, in his own name only, ano¬ 
ther method for finding the longitude ; but which Mr. 
Whillon denied. However, Raphael Levi, a learned 
jew, who had lludied under Leibnitz, informed the 
German editor, that he well knew that Ditton and 
Leibnitz had correl'ponded upon the fubjeft ; and that 
Ditton hail fent to Leibnitz a delineation of a machine 
he had invented for that purpofc ; which was a piece 
of mcchanifm o>nlliuelcd with many wheels like a 
clock, and which Leibnitz highly approved of for land 
life ; but doubted whether it would anfwer on lliip- 
board, on account of the motion of the fliip. 

DJVLRGLN’J’ Point. See I'ir/ual Y ores. 

Divergent, or Diverging J.lues, in Geometry, 
are tliofc whole diilance is continually increaling.— 
Lines which diverge one way, converge the other 
wav. 

DiVKRor.vT, cr Diverging, hi Optics, is particu¬ 
larly applied to ravs which, iffuing from a radiant point, 
or having, in then p.tliage, undi rgonc a rd: act ion, or ic- 
llexion, do continually recede fai ther from each other. 

In this fade the word is oppolcd to convergent, 
which implies that the rnvs approach each other, or 
that they tend to a centre, where they interfeft, and, 
being continued, go oil diverging, indeed all iuier- 
fcftiiig rays, or lines, diverge both ways from the cen¬ 
tre, or point of interfeftion. 

Concave glaiks vender the rays diverging ; and con¬ 
vex ones, converging.—Concave mirrors make the rays 
conveigc ; and convex ones, diverge.—Tt is demon- 
llraicd i.i Optics, that as the diameter of a pretty large 
pupil dots not exceed 4 of a digit; diverging rays, 
flowing from a radiant point, will enter the pupil as 
parallel, to all intents and pwrpofes, if the diilance of 
the radiant from the eye amount to 40,000 feet. See 
Focus, Light, audVitioN. 

D t urging lit ri:i:bOL.v, is one wliofe legs turn 


their convexities toward each other, and run out quite 
contrary ways. See HvrFu.no la. 

Diverging Parabola. See Diverging ParabolA- 

DIVIDEND, m Arithmetic, is the number given 
to be divided by fome other number, called the divifor. 
Or it is the number given to be divided, or feparated, 
into a certain number of equal parts, viz. as many as the 
divifor contains units ; and the number of filch equal 
parts is called the quotient. Or, more generally, the 
dividend contains the divifor, as many times as the quo¬ 
tient contains unity. 

The Dividend is the numerator of a fraftion, whofe 
denominator i.x the divifor, and the quotient is the value 
of the fraction. Thus, % = 4, and j = *75. 

DIVIDUAL. By this name fome authors diffin# 
guilh the feveral parts of a dividend, from which each 
fepaiate figure of the quotient is found. 

DIVING, tlic art, or aft of descending under wa¬ 
ter, to confiderable depths, and remaining there a com¬ 
petent time. 

The ufes of Diving are very confiderable, particularly 
in the fiflu’ng for pearls, corals, fponges, See. 

Various methods have been propofed, and engine* 
contrived, to render the hufinefs of diving more fafe 
and eafy. The great point in all thefe, is to furniih 
the diver with frefh air, without which he muff either 
make but a fhort Hay, or perilh. 

Thofe who dive for fponges in the Mediterranean, 
help themfelves by carrying down fponges dipt, in oil in 
their mouths. But coufidcring the imali quantity of air 
that can be contained in the pores of a fpnnge, and 
how much that little will be contraftcd by the preffurc 
of the incumbi nt water, fiich a fiipply cannot long fub- 
fill the diver. For it is found by expel invent, that a 
gallon of air included i:i a bladder, and by a pipe reci¬ 
procally infpired and expired by the lungs, becomes un¬ 
fit for refpiration in little more than one minute of rime. 
For though its e'allieity be but little altered in palling 
the lungs, yet it ic-fis its vivifying fpirit, and is rendered 
effete. In eH'eft, a naked diver, Dr. Halley a (lures nr, 
without a fpotige, cannot remain above two minutes 
iuelofed in water; nor much longer with one, without 
fuffocatiug ; nor without long practice, near fo long; 
ordinary perfoiis beginning to be fiiffoctdtd in about 
half a minute. Belides, if the depth be iticlcrabii 
the preffurc of the water on the veil'ds makes the eyes 
blood (hotten, and frequent lv occasions a (pitting of 
blood. Hence, where there lias been oeeailou to con¬ 
tinue long at the bottom, fome have contrived dou¬ 
ble flexible pipes, to circulate air down into activity 
indofing the d.\er, as with armour, both to furailh air, 
and to bear off the preffurc of the water, and give leave 
to his bread to dilate upon mfpiration ; the fiefli air 
being foieed down one of the pipes with bellows, and 
returning by the other, not unlike to an rater,-, and 
vein. 

But this method is iirpraftichble when the depth ex 
ceeds three fathoms; the water embracing the bare 
limbs fo clofely, as to obftruft the- circulation of the- 
blood in them ; and withal p re fling fo Hrong-’v on all 
the junctures where the armi.ur is made tight with lea¬ 
ther ; that if there he the leall clefeft in any of them, 
the water rufhes in, and iuftantly fills the whole engine, 
to the great danger of the diver’s life. 


Diving- 
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Divikg- 2?<7/, Is a machine contrived to remedy alithefe 
Inconveniencies. In this the diver is fafely conveyed 
to any rcafonable depth, and may ftay more or lefs 
time under the water, as the bell is greater or lefB. It 
is moll conveniently made in form of a truncated cone, 
the fmallcll bafe being clofed, and the larger open. It 
is to be poifed with lead, and fo fufpended, that it may 
fink full of air, with its open balls downward, and as 
near as may be in a fituution parallel to the horizon, fo 
as to clofe with the furfacc of the water all at once. 

Under this coveule the diver fitting, finks down 
with the included air to the deptli dcfircd; and if the 
cavity of the vefTcl can contain a ton of water, a Jingle 
man may remain a full hour, without much inconveni¬ 
ence, at five or fix fathoms deep. But the lower he 
goes, ftill the more the included air contracts itfelf, ac¬ 
cording to the weight of the water that compreffcs it; 
fo that at thirty-three feet deep, the hell becomes half 
full of water ; the preffure of the incumbent water being 
then equal to that of the atmofphere ; and at all other 
'depths, the fpace occupied by the comnreffed air in the 
upper part of itB capacity, is to the lpace filled with 
water, as thirty-three feet to the depth of the furfacc of 
the water in the bell below the common furfacc of it. 
And this condcnfcd air, being taken in with the breath, 
foon infinuates itfelf into all the cavities of the body, 
and has no ill efie£t, provided the bell he permitted to 
tlefctnd fo (lowly as to allow lime for that, purpofe. 

One incomeniencc that attends it, is found in the 
ears, within which there are cavities which open only 
outwards, and that by pores fo final], as not to give ad- 
nviffion even to the ait itlclf, unlefs they be dilated and 
diilended by a confidcrable force. Hence, on the firlt 
defeent of the bell, a preffure begins to be felt on each 
ear, which, by degrees, grows painful, till the force 
overcoming the obftacle, what conllringes thefe pores, 
yields to the preffure, and letting fome condcnfcd air 
flip in, prefmtly cafe enfuea. The hell defeending 
lower, the pain is renewed, and afterwards it is again 
eafedin the fame manner. But the grcatell inconveni¬ 
ence of this engine is, that the water entering it, con- 
tradls the bulk of air into fo finall a com pals, that it 
foon heats, and becomes unfit for refpiration : fo that 
there is a neccflky for its bung drawn up to recruit it ; 
bffides the uncomfortable aLiding of the diver, who 
is almoft covered with water. 

To obviate the difficulties of the diving-hell. Dr. 
Halley, to whom we owe the preceding account, con¬ 
trived fome further apparatus, by which not only to 
recruit and refrefh the air from time to time, but alio 
to keep the water w holly out of it at any depth ; which 
he effcdled after the following manner : 

His diving-bell (plate vii, fig. 6 .) was of wood, three 
feet wide at top, five feet at bottom, and eight feet 
high, containing about fixty-three cubic feet in its con¬ 
cavity, coated externally with lead fo heavy, that it 
would fink empty; a particular weight being distributed 
about its bottom R, to make ii defeend perpendicularly, 
and no otherwife. In the top was fixed a tnenifetts 
glafs 1 ), concave downwards, like a window, to let in 
light from above ; with a cock, as at B, to let out the 
hot air ; and a circular feat, as at LM, for the divers 
to fit on: and, below, about a yard under the bell, wjis 
a ftage fufpended from it by three ropes, each charged 


with a hundred weight, to keep it fteady, and for the 
divers to (land upon to do their bufinefs. The ma¬ 
chine was fufpended from the mall of a (hip by afprit, 
w hich w'as fccured by Hays to the muff-head, and was 
dire&ed by braces to carry it overboard clear of the fide 
of the (hip, and to bring it in again. 

To Jupply air to this bell when under water, he had 
a couple of barrels, as C, holding thiily-lix gallons 
each, cafcd with lead, fo as to link empty, each having 
a bung-hole at bottom, to let in the water as they 
defeended, and li t it out again as they were drawn up. 
I11 tlic top of the barrels was another hole, to which 
was fixed a leathern pipe, or hofc, well prepared with 
bees wax and oil, long enough to hang below the bung- 
hole ; being kept down by a weight appended. Sr* 
that the air drivm to the upper part of the barrel by 
the encroachment of the water, in the defeent, could 
not efcapc up this pipe, unlefs the lower end were lifted 
up. 

Thefe air-barrels were fitted with tackle, to make 
them rife and fall alternately, like two buckets ; being 
(liretted in their defeent by lines ('aliened to tlie under 
edge of the bell: lo that they came readily to the hand 
of a man placed on the Huge, to receive them ; and who 
taking up the ends of the pipes, as foon as they came 
above the furfacc of the water in the barrels, all the 
air included in the upper part of it was blown forcibly 
into the bell; the water taking its place. 

One barrel thus received, and emptied ; upon a fig- 
nal given, it. was drawn up, and at the fame time the 
other let down ; by which alternate fucetflion, frcfii 
air was furnifhed fo plentifully, that the learned Doctor 
himfelf was one of live, who were all together in min¬ 
or ten fathoms deep of water for above an hour and .1 
half, without the leall inconvenience ; the whole cavity 
of the hell being perfectly dry. 

All the precaution he ohferved, was, to be let down 
gradually about twelve feet at a time, and then tn 
(lop, and drive out the water that had entered, by 
taking in three or four barrels of frefli air, before hr 
defeended farther. And, being arrived at the depth 
intended, he let out as much of tile hot air that had 
been breathed, as each barrel would replace with cold, 
by means of the cock B, at the top of the hell, through 
whofc apeiturc, though very finall, the air would ruih 
with fo much violence, as to make the furfacc of the 
fca boil. 

Thus, lie found, any thing could be done that was re¬ 
quired to be done underneath. And by taking offtlu* ftage, 
he could, for a fpace as wide as the circuit of the bell, lay 
the bottom of the lea fo far dry as not to he over (hoes 
in water. Befides, hy the glals window fo much light 
was tnnfinittcd, that, when the fea was clear, and 
cfpeeiallv when the fun (hone, he could fee perfectly 
well to write or read, much more to fatten, or lay hold 
of any thing under him that was to be taken up. Ami 
by the return of the air barrel he often fent up orders 
written with an iron pen on a plate of lead, directing 
how he would be moved from place to place. 

At other times, when the water vis troubled and 
thick, it would be as dark as night below ; but in fiich 
cafes he was able to keep a candle burning in the bell. 

Dr. Halley obferves, that they were fubjedt to one 
inconvenience in this bell; they felt at firff a finall pain 

in 
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in their ear®, as if the end of a tobacco pipe were 
thruft into them ; but after a little while there was a 
fmall puli' of air, with a little uoife, and they were eafy. 

Tins he fuppofts to be occafioued by the condcnfed 
air (hutting up a valve leading from fome cavity in the 
ear, full of common air; but when the condenfed air 
picffcd harder, it forced the valve to yield, and filled 
every cavity. One of the divers, in order to prevent 
this prcflure, flopped his ear witli a pledget of paper; 
which was puttied in fo far, that a furgeon could not 
exlradl it without great difficulty. 

The fame author intimates, that by an additional con¬ 
trivance he has found it practicable for a diver to go 
out of the bell to a good diltance from it; the air being 
conveyed to him in a continued dream by fmall flexible 
pipes, which fcrve him as a clue to dircft him back 
again to the bell. For this purpofe, one end of thefe 

E , kept open againlt the preffure of the fea, by a 
fpiral wire, and made tight without by painted 
leather, and (beep’s guts drawn over it, being open, 
was fudened in the bell, as at P, to receive air, and 
the other end was fixed to a leaden cap on the man’s 
head, reaching down below his (boulders, open at bot¬ 
tom, to fcrve him as a little bell, full of air, for him to 
breathe at his work, which would keep out the water 
from him, when at the level of the great hell, hecaufe 
of the fame denlity as the air in the great bell, lint 
when he (looped down lower than the level of the great 
bell, he ftmt the cock F, to cut off the communication 
between the two hells. Phil. Tranf. abr. vol. iv. part 
ii. p. 188, &c. vol. vi. p. 550, &c. 

The air in this bell would Cerve him for a minute or 
two; and he might inftantly change it, by railing 
liimfclf above the great bell, and opening the cock F. 
The diver was turnifticd with a girdle of large leaden 
weights, and clogs of lead for the feet, which, with 
the weight of the leaden cap, kept- him lirm on the 
ground ; he was alio well clothed with thick flannels, 
which being firll made wet, and then warmed in the 
bell l,y the lu-at of It is body, kept off the chill of the 
cold water for a coniide-rable time, when he was out of 
the bell. 

Mr. Martin Tritwald, F. R. R. and military archi¬ 
tect to the king of Sweden, contrived fo coullrudt a 
diving-bell on a fmaller (Vale, and lefs cxpeiic'-, than 
that of J)r. Halley, and yet capable of anfwering the 
fame intents and purpofe?. This bJI, All (fig. 7-) 
finks with le-aelen weights DD, fufpended front the 
bottom of it. It is made of copper, and tinned all over 
on the inlido ; three lining convex lenfos GGG, de¬ 
fended by the copper lids HHH, illuminate this bell. 
The iron plate K fervt-s the diver to (laud uy.011, when 
lie is at work ; this is fufpe.ided by chains FI F, at fuch 
a affiance from the bottom of the bell, that when he 
(lands upright, bis bead is juft above the water in the 
bell, where he has the advantage of air litter for refpi- 
ration, than when he is much higher up ; but ns there 
is iteration for the diver to be wholly in the bell, and 
ronfequenlly his head in the upper part of it, Mr.Trie- 
wald has contrived, that, even there, after he has 
breathed the hot air as long as he well can, by means of 
a fpiral copper tube placed clofe to the i 11 fide of the 
bell, he may draw tb<- cooler and frelher air from the 
iowermoil quirts ; fur which purpofe a flexible leather 


pipe, about two feet long, is fixed to the upper end of 
the tube at b ; and to the other end of the pipe is 
fattened an ivory mouth-piece, for the diver to hold in 
his mouth, by which to refpire the air from below. We 
(hall only remark, that as air rendered effete by rcfpi- 
ration is fomewhat heavier than common air, it muft. 
naturally fubfide in the bell; but it may probably be 
reftored by the agitation of the fea water, and thus be¬ 
come fitter for rrfpiration. See Fixed Air. Phil. TranC 
abr. vol. viii. p. 634. Or Defagulicrs’s Expcr. Phil. vol. 
ii. p. 220, &c. 

The famous Com. Drebcll had an expedient in fome 
rcfpe&s fuperior even to the diving bell, if what is re¬ 
lated of it be true. He contrived not only a veffel to 
be rowed under water, but alfo a liquor to be carried in 
the veffel, which fupplied the place of frclh air. 

Theveffcl was made for kii.gjuntes I. cmrying twelve 
rowers, befides the paffengers. It was tried iu the 
river Thames ; and one of the perfons in that fubmariue 
navigation, then living, told it one, from whom Mr. 
Boyle had the relation. 

As to the liquor, Mr. Boyle a flu res us, he difeovered 
by a phyfician, who married Drtbell’s daughter, that 
it was ufed from time to time, when the air in that 
ftibmurine boat was clogged by the breath of the com¬ 
pany, and rendered unfit for reipiration : at wlt-ch time, 
by unftopping the veffel full of this liquor, he could 
(jieedily reftorc to the troubled air fuch a proportion of 
vital parts, as would make it fcrve again a good while. 
Tire fccrct of this liquor Drtbcll would never difelufe 
to above one perfon, who himfelf affured Mr. Boyle 
what it was. Boyle’s Exp. Phvf. Mech. of the Spring 
of the Air. 

We have had many projects of diving machines, and 
diving fltips of various kinds, which have proved abor¬ 
tive. 

Iln iNC-fl/c/flr, a term, ufed by BorelH for a ma- 
cliiue which he contrived for diving under the water to 
great depths, with great facility, which he prefers to the 
common diving-hell. The vcfiea, or bladder, as it is ufu- 
ally called, is to he of brafs or copper, and about two 
feet in diameter. This is to contain the diver’s head, 
and is to be fixed to a goat’s ihin habit, exaflly fitted to 
the fhnpe of the body of the perfon. Within this 
vcfiea there are pipes, by means of which aciiculation 
of air is contrived ; and the perfon carries an air pump 
hy his fide, hv means of which he may make liimfelf 
heavier or lighter, as the fifties do, hy contracting or 
dilating their air bladder : bv this means, the objections 
all other diving n«ubines are liable to are obviated, 
and particularly that of the air; the moifturc hy which 
it is clogged in rcfpiraiicu, and hy which it is rendered 
unfit for the fame ufc again, being here taken from it 
by its c’.’•ciilation through the pip,-, to the (ides of 
which it adheres, and haves the air as fice as hel'ou-. 
Bor- 11 ! Opcni Piffihuma. 

DIVISIBILITY, a property in quantity, body, or 
extenfion, by which it becomes fcparable into parts ; 
either aftually, or at le.ffi mentally. 

Such divifibility is infinite, if not actually, at leaft 
potentially ; for no part c in be conceived fo fmall, but 
another may be cone, ived 11,11 fmaller; for every part 
of matter n.utt have fome finite extenfion, and that ex- 
tenfiou may be lifedted, or otherwife divided ; for the 
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Ctaw ratfon, thcfe part# may be divided again, and fo 
■on without end. 

We are not here contending for the poflibility of an 
a&ual divifion in infinitum: it i> only afi'erted that how¬ 
ever fmall a body is, it may be ilill failiter divided; 
which it is preiumcd may be calhd a divifion in injin't- 
tum, bccaufe what has tin limits, i; called infnitr. 

The infinite, or indefinite divisibility of mathemati¬ 
cal quantity is thus proved, and illuftrated by mathe¬ 
maticians: Suppofe a line A D 
perpendicular to BF; and an- ,, A r p 

other as GH alfo perpendicular 
to the fame BF ; witli the cen¬ 
tres C, C, C, &c, and dill :nccs 
CA, CA, &.C, deferibe circles rj 

■cutting the line GH in the points C J! 

e, e, St c. Now', the greater the <■. 

radius AC is, the lefs is the part 
rG ; but the radius may be aug¬ 
mented in infinitum, and there- 
fore the part rG may he dimi- 

niflied in the fame manner; and yet it can never be re¬ 
duced to nothing, bccaufe the circle can never coin¬ 
cide with the light line BF. Consequently the parts 
of any magnitude may be diminilhed in infinitum. 

All that is fuppofed, in flriil geometry, concerning 
the divilihility of magnitude, amounts to no more, than 
that a given magnitude may be conceived as divided 
into a number of parts, equal to any given or propofed 
number. 

It is true that there are no fuch things as parts in- 
. finitely fniall; yet the fubtilty of the particles of fevcral 
bodies is fuch, that they far furpats our conception ; 
and there are innumerable inilanccs in nature of fuch 
parts actually feparated from one another. 

Several inflances of this are given by Mr. Boyle. 
He ipeaks of a filken thread 300 yards long, that 
weighed but two grains and a half. He meafured 
leaf-gold, and found by weighing it, that 50 fquare 
inches weighed but one grain : if the length of an inch 
be divided into 200 parts, the eye may diitinguilh them 
all; therefore in one fquare inch there are 40,000 vifi- 
ble parts ; and in one grain of it there arc two millions 
of luch parts ; which vifible parts no 011c will deny are 
Hill farther divifible. 

Again, an ounce weight of filver may be gilt over 
with 8 grains of gold, which may be afterwards drawn 
into a wire 13,000 feet long, and dill be all covered 
with the fame gilding. 

In odoriferous bodies a fill greater fubtilty of parts 
is perceived, and even fuch as are actually n panned 
from one another : fevcral In dies fearce lofe any fenfi- 
b!e part of their weight in a long time, and yet conti¬ 
nually fill a very large fpace with odoriferous particles. 
Dr. Kcit, in his Vera Phyfica, Feci. 5, has calcu¬ 
lated the magnitude of a particle of AfTafalida, which 

ry 

will be the ——— -th part of a cubic 
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inch. And in the fame Lecture he fhews that the parti¬ 
cles of the blood in animalcule, obferved in fluids by 
means of microfcopes, muft be left than that part of a 
cubic inch which is exprefTcd by a fraction whofe numera¬ 
tor is 8, and denominator unity with 30 ciphers after it. 


The particles of light, if light eonfift of real parti¬ 
cles, furnilb unotlicr lurpriling iufiance of the mmute- 
nvfj of fomc parts of matter. A fmall lighted candle 
placed on a plain, will be vifible two miles, and confe- 
quently its light fills a fphere of 4 miles diameter, be¬ 
fore it has loil any fenlibic part of its weight. Now, 
as the force of any body is dirc&ly in proportion to its 
quantity of matter multiplied by its velocity ; and fince 
it is demon United that the velocity of the particles of 
light is at lvalt a million of times greater than the ve¬ 
locity of a cannon-ball, it is plain, that if a million of 
their particles were round, and ol the li/.c of a fmall 
grain of laud, we durlt no mere open our t yes to the 
light, than expofe than to land fliot point-blank from 
a cannon. 

By help of micro ("coprs, fuch ohjefls ns would other- 
wile civ ape our light, appear very large : there are 
fomc fmall animals fi.irce vie.file with fine belt micro- 
fcopes ; and yet tliclV have all the parts ueccfl’ary for 
life, as blood, and other fulfils. Flow v underfill then 
mult the fubtilty of the parts be, which make up fuch 
fluids! 

Whence is dcdtieiblc the fallowing theorem: 

Any particle’ ot matter, how ftnull foever, and any 
finite fpace, how large foever, being- given ; it is pof- 
fible for that fmall land, or particle of matter, to be 
dilfufed through all that gw at fpace, and to fill it in 
fucli manner, as that there iLall be no pore in it, whole 
diameter lhall exceed any given line ; as is demonilrated 
by Dr. Keil. Intruding, ad Ver. 1 ’hyf. 

Divisiki.f, the faculty or quality of being capable 
of being divided. 

DIVISION, is one of the four principal Rules of 
Arithmetic, being that by which we find out how often 
one quantity is contained in another, fo that Divifion 
is in reality only a compendious method of .Subtraction ; 
its effeCl being to take one number from another as 
often as poflible ; that is, as often as it is contained in 
it. There are therefore three numbers concerned in 
Divifion : ill, Thai which is given to be divided, called 
the dividend; 2d, That by which the dividend is to be 
divided, called t he di-njut ; 3d, That which exprefle* 
how often the divifor is contained in the dividend ; or 
the number refulling from the divifion of the dividend 
by the divifor, called the rjuntimt. 

There are various ways of performing Divifion, one 
called the Knglifli, another the Fleinifh, another the 
Italian, another the Spunilh, another the German, and 
another the Indian way, all equally juft, as finding the 
quotient with the fame certainty, and only differing in 
the maimer of arranging and difpofing the numbers’ 

i here is alfo divifion in integers, divifion in frac¬ 
tions, and divifion in fpccies, or algebra. 

Divifion i.. performed by Liking how often the divi¬ 
for is contained in tiie dividend; and when the latter 
con fills of a greater number of figures than the former, 
the dividend mull be taken into parts, beginning on 
the left, and proceeding to the right, and fecking how 
often the divifor is found in each of thofe parts. 

For ex. If it be required to divide 6758 by 3. 
Firll feck how often 3 is contained in 6, which is 2 
times; then how often in 7, which is likewife 2 times, 
vitli 1 remaining; which joined to the next figure 5 
tnakc$ 15, then the 3’B in 15 arc 5 times; and lalUy 
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the j’s in 8 are 2 times, and 2 remaining. _ All the 
numbers expreffing how often 3 is contained in each of 
thofc parts, are to be written down according to the 
order of the parts of the dividend, or from left to right, 
and feparated from the dividend itfclf by a crooked 
line, thus : 

Dirifor Dividend Quotient 

3 ) 675» ( 22S*r 

It appears therefore, that 3 is contained 2252 times 
in 6758, with 2 remaining over; or that 6758 being 
divided into 3 parts, each part will be 2252viz, the 
figures of the quotient before found, together with the 
fraction j formed of the remainder and the divifor. 

When the divifor is a Angle digit, or even as large as 
the number 12, the divifion is calily performed by fet- 
ting down only the quotient as above. But when the 
divifor is a larger number, it is ncceffary to fet down 
the feveral remainders and products &c. This procefs 
may be feen at large in mofl books of arithmetic, as 
well as various contraftions adapted to particular cafes; 
fuch as, ill, when the divifor lias any number of ciphers 
at the end of it, they are cut off, as well as the fame 
number of figures from the end of the dividend, and 
then the work is performed without them both, annex¬ 
ing only the figures lad cut off, to the lafl remainder ; 
2d, when the divifor is equal to the produft of feveral 
Jingle digits, it is eafier to divide fuccoffivcly by thofe 
digits, inltead of the divifor at once ; 3d, when it is 
required to continue a quotient to a great many places 
of figures, as in decimals, a very expeditious method of 
performing it, is as follows: Suppofe it were required to 
divide 1 by 29, to a great many places of decimals. 
Adding ciphers to the 1, full divide iocoo by 29 in 
the common way, till the remainder become a fingle 
figure, and annex the fradtional fupplenu'nt to complete 
the quotient, which gives 4*5 = 0*03448 : next mul¬ 

tiply each of thefe by the numerator 8, fo (hall = 
0*2758444 or rather 0*275865-9 ; which figures fublli- 
tuted inilead of the fraction in the Bril value of 
it becomes 4V = 0*03448275864% : again, multiply 
both of thefe by the lali numerator 6, and it will be 
= 0*20689655 i 7,’, ; which figures fubllituted for 
in the lull-found value of it becomes 
= 0*034482758620689655,7,'% : and again, mul¬ 
tiplying thefe by the numerator 7, gives 

= 0*2413793103448275862c [{; which figures fub- 
ftituted in'lcud of i5 in the lall-lottnd value of , z \, it 
becomes — 

0*0344827586206896551724137931034482758620^° 
and fo on ; where every operat ion v. ill at kail double 
the number of figures before found by the lull one. 

Proof of Division. In every example of divifion, 
unity is always in the fame proportion to the divilor, 
as the quotient is to the dividend; and therefore the 
produdt of the divifor arid quotient is equal to the pro¬ 
duct of I and the dividend, that is, the dividend itfclf. 
Hence, to prove divifion, multiply the divifor by the 
quotient, to the product add the remainder, and the 
fum will he equal to the dividend when the work is 
right; if not, there is a millake. 

Division, in Decimal Fritflions, is performed the 
fame way as in integers, regard being had to the num¬ 
ber of decimals, viz, making as many in the quotient 
as thofe of the dividend exceed thofe in the divifor. 

. Vox. L 


Division, in Vulgar FraHiont, is performed by di¬ 
viding the numerators by each other, and the denomi¬ 
nators by each other, if they will exaftly divide; but 
if not, then the dividend is multiplied by the reciprocal 
of the divifor, that is, having its terms inverted ; for, 
taking the reciprocal of any quantity, converts it from 
a divifor to a multiplier, and from a multiplier to a di¬ 
vifor. For ex. 4 * 4-by 4 gives f, by dividing the nu¬ 
merators and denominators; but 4& *rby f is the fame 
as iirXl* which is = . Where x is the fign of 

multiplication, and the charadter -4- is the mark of divi- 
fion. Or divifion is alfo denoted like a vulgar fraction ; 
fo 3 divided by 2, is J. 

Division, in Algebra, or Species , is performed like 
that of common numbers, either making a fraction of 
the dividend and divifor, and cancelling or dividing by 
the terms or parts that are common to both ; or eliie 
dividing after the manner of long divifion, when the 
quantities are compound ones. Thus, 
ab divided by a, gives b for the quotient: 
and 1 mb divided by 4/, gives 3 a for the quotient : 
and 16 abc % divided by 8rf<r, gives 2 be: 

. a 

and a divided by 3 b, gives — : 

and iyabc* divided by 12 be 1 , gives 

and a x — l 1 bya + b gives a — b\ thus 

a + b)a x - b x (a-b 
a x +ab 

— ab — b x 
— ab—b * 

m 

again, to divide x 6 — 8*- 4 —124** —64 by x 4 — iff; 

x 1 —■i6)x fl — 8x 4 —124**—64 ( x* -f- 8x* 4-4. 
x 6 — 16.v 4 

8.v 4 — 124X* 

8a 4 — i 28.V* 


4.x 2 — 64 
4-\*—64 


I11 feme cafes, the quotient will run out to an infi¬ 
nite feries ; and then, alter continuing it to any certain 
number of terms, it is ufual to annex, by way of a frac¬ 
tion, the remainder with the divifor fet under it. 

It is to be noted that, in dividing any terms hv one 
another, if the ligns he both alike, either both plus, or 
both minus, the fign of the quotient will be plus ; but 
when the figns are different, the one plus and the other 
minus, the fign of the quotient will be minus. 

Division by Logarithms. See Logarithms. 
Division of Mathematical Irfruments. See Gra¬ 
duation, and Mural Arc or Quadrant. 

Division in Millie, is the dividing the interval of an 
oftave into a number of Idler intervals. 

Division by Napu-rs Bone j. See Namur’s Boars. 
Division of Buyers, is performed by iubtrailing 
their exponents. Thus, 4-n 4 is ; and 

^a^b x — 2 a x b^ is ss xa*b\ ’ 

3 K Division 
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Division of Proportion, is comparing tire difference 
}> it ween the antecedent and confcqucnt, with cither of 
them. Thus, 

j£ r ah c d. 


or 


l 12 

4 

6 

2, 

Sa~h 

a 

-d 

c. 

l 8 

12 

4 

a. 

f a-b 

b 

-d 

d, 

1 8 

4 

4 

2 . 

the dividing 

number ; 

or 


(liras how many part's the dividend is to be divided 
into. 


Common Divisor. See Common Divifor. 

DIURNAL, fomething relating to the day ; in op- 
pofition to nofturual, relating to the night. 

Diurnal Arch, is the arch deferibed by the fun, 
moon, or ftars, between their riling and fetting. 

Diurnal Circle, is the apparent circle deferibed by 
the fun, moon, or liars, in confequcncc of the rotation 
of the earth. 


Diurnal Motion of a Planet, is fo many degrees and 
minutes See as any planet moves in 24 hours. 

The Diurnal Motion of the Earth, is its rotation 
round its axis, the duration of which coniHtutes the 
natural day.—The reality of the diurnal rotation of the 
earth is now paft all difpute. 

Diurnal Parallax. See Parallax. 

Diurnal is alfo ufed in fpeakiug of what belongs to 
the nydthcmeron, or natural day of 24 hours: in which 
fenfe it is oppofed to annual, menltrual, &c. 

The diurnal phenomena of the heavenly bodies arc 
folvcd from the diurnal revolution of the earth; that 
is, from the rotation of the earth round its own axis in 
24 hours. This rotation is equable, and from weft to 
tail, about an axis whofc inclination to the ecliptic is 
now 66° 32". Since the earth is an opaque body, that 
fmall part of its furfacc which comes at the fame time 
under the confined view of the fpedtator, though really 
fpherical, will feem to be extended like a plane : and 
the eye, taking a view of the heavens all around, de¬ 
fines a concave fphericalfuperficies, concentric with the 
earth, or rather with the eye, which the faid plane of 
the earth’s fuperficies will divide into two equal parts, 
the one of which is vifible, but the other, becaufe of 
the earth’s opacity, hid from the view. 

And as the earth revolves about its axis, the fpedta¬ 
tor, (landing upon it, together with the faid plane he 
(lands upon, called his horizon, dividing the vifible from 
the iuvifible hemifphcre of the heavens, is carried round 
the fame way, viz, towards the ealt. From lienee it is, 
that the fun and ftars, placed towards the eaft, being 
before hid, now become vifible, the horizon as it were 
finking below them ; and the ftars &c towards the weft 
are covered or hid, and become invifible, the horizon 
being elevated above them. So that the former ftars, 
to the fpedtator, who reckons the place he (lands on as 
immoveable, will appear to afeend above the horizon, 
or rife j and the latter to defeend below the horizon, 
or fet. 

Since the earth, with the horizon of the fpedtator 
fixed to it, continues to move always towards the fame 
parts, and about the fame axis equally $ all bodies, and 


all phenomena, that do not partake of the faid motfony 
(that is, all fuch things as are entirely feparate from 
the earth) will feem to move in the fame time uniform¬ 
ly, but towards the oppofitc parts, or from eaft to 
weft : arid every one of thefc objidts, according to 
fenfe, will deiciibe the circumference of a ciiclc, whofe 
plane is perpendicular to the axis of the earth. And 
becaufe all thefc circles, together with the vifible ob- 
jedts deferibing than, appear to be in the concave fphe- 
rieal fuperficies of the heavens, every visible object will 
feem to deferibe a greater or lefs circle, according to 
its greater or lefs diltauce from the poles, or extremi¬ 
ties of the earth’s axis produced ; the middle circle bo- 
tween thefe poles, called the equator, is confequently 
the grcatell. 

It may farther he obferved, that whereas, by the 
diurnal revolution of the earth, all the feveral lumi¬ 
naries feem to move in the heavens from call to weft, 
hence this feeming diurnal motion of the eelellial lights 
is called their common motion, as being common to all 
of them, lkfidcs which, all the luminaries, except the 
fun, lia\c a proper motion ; from which aiifc their 
proper phenomena: as for the prop;, r phenomena of the 
fun. they likewife feem to arife from the proper motion 
of the lun; though they are really produced by another 
motion, which the-earth has, and by which it moves 
round the fun once every year, and thence culled the 
annual motion of the earth. 

DODECAGON, a regular polygon of 12 equal 
lides and angles. 

If the fide of a Dodecagon be 1, its area will be 
equal to 3 times the tang, of 75 0 =.■ 3 x 2 4/3 = 

11*1961524 nearly; and, the areas of plane figure* 
being as the fquares of their (ides, therefore 11*1961524 
multiplied by the fquare of the fide of any Dodecagon, 
will give its area. See my Menfuration, pa. 114, 2d cd. 

1o inferihe a Dodecagon in a given Circle. Carry the 
radius 6 times round the circumference, which will di¬ 
vide it into 6 equal parts, or v\ ill make a hexagon ; then 
bifedt each of thole parts, which will divide the whole 
into 12 parts, for the Dodecagon. See alfo other me¬ 
thods of delerihing the fame figuie in my Mcnfur. 
pa. 26, See . See Polygon 

DODECAHEDRON, one of the Platonic bodies, 
or five regular folids, being contained under a furfacc 
compofed of twelve equal and regular pentagons. 

To form a Dodecahedron. See Regular Body. 

If the fide, or linear edge, of a Dodecahedron be s, 
its furfacc will be 

= 20*6457788/* 

and its folidity — ~ *^ = 7*66311896/* 


If the radius of the fphere that circumfcribes a Do¬ 
decahedron be r , then is 

its fide or linear edge ss ~~ 1 ^ — ^—^r, 

3 __ 

its fupeificics = ior l 2 — J ^5, 

and its folidity = / 3 •/ 5 * 

3 v 3 ° 

Tue fide of a Dodecahedron iuferibed in a fphere, is 

equal 
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•'equal to tire greater part of the fide of a cube mferibed 
mi the fame fphere, ami cut according to extreme and 
mean proportion. 

If a line be cut according to extreme and mean pro¬ 
portion, and the leflfer fegmcnt be taken for the fide of 
a Dodecahedron, the greater fegment will be the fide 
of a cube infertbed in the fame fphere. 

The fide of the cube is equal to the right line which 
fubtends the angle of a pentagon of the Dodecahedron, 
inferibed in the lame fphere. bee Poi.yhedk.on ; alio 
my Menfur. pa. 253, &c. 

DODECATEMORV, the 12 houfes or parts of 
the zodiac of the priinmn mobile. Alfo the 12 ligiis 
of tlie zodiac arc fometimes fo called, bccaufe they con¬ 
tain each tlie 12th part of the zodiac. 

DOG, a name common to two conflellations, called 
the Great and Little Dog; but more ufually Cania 
Maior, and Cam’s Minor. 

DOME, is a round, vaulted, or arched roof, of a 
church, hall, pavilion, vcllibulc, flair-cafe, &e, by way 
of crowning, or aerotcr. 

DOMINICAL Tetter, otherwife called the Sund\y 
J.filer, is one of thefe liril fe.vti letters of the alphabet 
ABC 1 )EEC#, ufed in almanacs &c, to mark or denote 
the Sundays throughout the year. 

Tlie rcafon for ufmg feven let Tors, is bccaufe that 
is the number of days in a week ; and the method of 
tiling them is this : the liril letter A is let oppoiite 
the ill day of the year, the 2d letter 11 oppoiite the 2d 
day of the year, the 3d letter C oppoiite the 3d day of 
the year, and fo on through the feven letters; after 
which they are repeated over and over again, all the 
way to the end of the year, the letter A denoting the 
8th day, the letter B the 9th, See. Then whichever 
of the letters fo placed, falls oppoiite the liril Sunday in 
the year, the fame letter, it is evident, will fall oppo¬ 
iite every future Sunday throughout, the year, bccaufe 
the number of the letters is the fame as the number of 
days in the week, being both 7 in number; that is, in 
common years ; for as to leap years, an interruption 
of the order takes place in them, l or, on account of 
tin- intercalary day, either the letter., mull be thrull out 
of their places for the whole year afterwards, fo as that 
the letter, for ex. which anfvvers to the ill of March, 
fiiall likewife aufwcr to the 2d &e ; or elfe the inter¬ 
calary day mull be denoted by the fame letter as the 
preceding one. This latter expedient was judged the 
better, and accordingly all the Sundays in tlie* year after 
the inteicalary day have another Dominical letter. 

The Dominical letters were introduced into the ca¬ 
lendar by the primitive chriiltans, inilead ol the nundi¬ 
nal letters in the Roman calendar; and in this manner 
were thofe feven letters fet oppoiite the days of the 
year, to denote the days in the week, in moll of our 
common almanacs, till tlie year 1771, when the initial 
letters of the days of the week were generally introdu¬ 
ced inilead of them, excepting the Sunday letter itfelf, 
which is Hill retained. 

From the foregoing account it follows that, 

ill. As the common year eoniifis of 36c days, or 72 
weeks, and one day over; the letters go one day back¬ 
wards every common year: fo that in Inch a year, if 
the beginning or firll day fall on a Sunday, tlie next 
year it will fall on Saturday, the next on Friday, and 


fo on. Confeqttcntly, if G be the Dominical letter for 
the prefent year, F will he that for the next year; and 
fo on, in a retrograde order. 

2d, As the bifl'extile or leap year confifts of 366 days, 
or 52 weeks, and 2 days over, the beginning of the year 
next after bilfextile goes back 2 days. Whence, if in 
the beginning of the biflcxtile year, the Dominical let¬ 
ter were G, that of the following year will be E. 

3d, Since in leap-years the intercalary day falls on 
the 23-th of February, in which cafe the 24th and 25th 
days are confidcrcd as one day, and denoted by the fame 
letter; after the 24th day of February the Dominical 
letter goes back one place : thus, if in the beginning 
of the year the Dominical letter be G, it will afterwards 
change to the letter F for the remaining Sundays of tin* 
year. With us however, this day is now added at 
the end of February, and from thence it is that the 
change takes place. 

4th, As every fourth year is bifiextile, or leap-year, 
and as the number of letters is 7; the fame order of 
Dominical letters only returns in 3 times 7, or 28 years; 
which without the interruption of bifi’extiles, would re¬ 
turn in 7 years. 

5th, Hence the invention of the folar cycle of 28 
years ; upon the expiration of which the Dominica! let¬ 
ters arc rdlorcd fucceflively to the fame days of the 
month, or the fame order of the letters returns. 

To fnd the Domisic.1i. J.etter of any given year. Find 
the cycle of the fun for that year, as direfted under 
cycle ; and the Dominical letter is found correfponding 
to it. When there are two letters, the propofed year 
is bifiextile ; the former of them ferving till the end of 
February, and the latter for the rtll of the year. 

The Dominical letter for any yeat of the prefent cen¬ 
tury may be found by this canon : 

Divide the odd years, their fourth and 4, by 7, 

U’hat is left take from 7, the letter is given. 

Thus, for the ycat 1794, the odd years 94 

their 4th 23 
and - 4 

divided by 7) 121 (17 

remains 2 
from 7 

leaves 5 

which anfvvers to E tlie 5th Utter in the alphabet. 

The Dominical letter may he found univerfally, for 
any year of any century, thus : 

Divide the centuries by 4 ; and twice what does remain 

Tale from 6 y anti tl-.n add to the number you gain 

Their odd years and their 4'/'; which dividing by 7, 

IVhat is bft tale from 7, the hit . r is given. 

Thus, for the year 1S78 the letter is F. 

For the centuries iS divided by 3, leave 2 : the double 
of which taken fio.u 6 leaves 2 again ; to which add 
the odd years 78, and their 4th part 19, the fart o.) 
divided by 7 leaves t ; which taken Irom 7, leave:. (> an- 
fwiring to F the 6tli letter in the alphabet. 

By the reformation of the calendar nr.der pope Gre¬ 
gory the 13th, the order ol the Dominical letters was 
again dilluibed in the Gregorian year; for the year 
3 E 2 ' 15S*. 
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if Hi, wTiicTi had G for its Dominical letter at the be- 

S inning; by retrenching 10 days after the 4th of O&o- 
er f came to havcC for its Dominical letter: by which 
means the Dominical letter of the ancient Julian calen¬ 
dar is 4 places before that of the Gregorian, the letter 
A in the former anfwering to D in the latter. 

DONJON, in Fortification, ufually denotes a large 
firong tower, or redoubt, of a fortrefs, where the garri- 
fo 11 may retreat in cafe of neceflity, arid capitulate with 
greater advantage. .Sec Dungeon. 

DORADO, a fouthern eonflellation, not vifiblc in 
nur latitude; called alfo Xiphius, or the Sword-fi/h. 
The (Lira of this couilellatigu, in Sharp’s catalogue, 
are fix. 

DORIC Order, of A rcliitefihire, is the fecond of the 
five orders, being placed between the Tufcan and the 
Ionic. The Done feems the molt natural, and belt pro¬ 
portional, oF till the orders ; all its parts being founded 
on the natural poll lion of foil’d bodies ; for which ren- 
fon it is moll proper to be ufed in great and mady 
buildings, as the outfidc of churches and public places. 

Tlit Doric order has no ornaments 011 its bale, nor 
its capital. Its column is 8 diameters high, and its 
■freeze is divid' d between triglyphs and metopes. 

DORMER, or Dormant, in Architecture, denotes 
a window made in the roof of a building, or above the 
entablature ; being railed upon the rafters. 

DOUBLE AfpcH, B a fit on, Concave, Convex, Cone, 
Defiant, Eccentricity, Pofition, Ratio, Tenaille, &c. See 
the refpeftive words. 

Double Horizontal Dial, one with a double 
gnomon, the one pointing out the hour on the outer 
circle, the other the hour on the flcrcographic projec¬ 
tion drawn upon it. This dial finds the meridian, the 
hour, the fun’s place, riling, fetting, &c, and many 
other problems of the globe. 

Double Point, in the Higher Geometry, is a point 
which is common to two parts or legs or branches of 
fomc curve of the 2d or higher order: filch as, an in¬ 
finitely fmall oval, or a cufp, or the cruciform interfec- 
tion, &c, of fuch curves. • See Newton’s Enumcratio 
Linearum &c, dc Curvarum Punfitis Duplidbus. 

Doubling a Cape, or Point of Land, in Navigation, 
fignifies the coming up with it, palling by it, and leaving 
it behind the Ihip. 

The Portuguefe pretend that they firfl doubled the 
Cape of Good Hope, under their admiral Vafquez de 
Gama; but there are accounts in hi (lory, particularly 
in Herodotus, that the Egyptians, Carthaginians, &c, 
had done the fame long before them. 

DOUCINE, in Architedlure, is an ornament on the 
liigheft part of the cornice, or a moulding cut in the 
figure of a wave, half convex, and half concave. 

DOVE-to/V, in Carpentry, is a method of fattening 
boards or timbers together, by letting or indenting one 
piece into another, with a Dove-tail joint, or a joint in 
form of a Dove’s tail. 

DRACHM, or Dram, is the name of a fmall weight, 
ufed with us, and is of two kinds, viz, the 8th pail of 
an ounce in Apothecaries weight, and the 1 fit h part of 
un ounce in Avoirdupois weight. 

DRACO, the Dragon, a coiiftellation of the north¬ 
ern hemifphcrc, whofe origin is variously fabled by the 
Greeks ; fome of them reprefenting it as the Dragon 


which guarded the Hefperian fruit, or golden ‘apple** 
but being killed by Hercules, Juno, as a reward lor its 
faithful Cervices, took it up to heaven, and fo formed 
this conftellation ; while others fay, that in the war of 
the giants, this Dragon was brought into the combat, 
and oppofed to Minerva, when the goddefs taking the 
Dragon in her hand, threw him, twilled as he was, up 
to the Heirs, and fixed him to the axis of the heavens, 
before he had time to unwind his contortions. 

The Hair, in this conllcitation are, according to Pto- 
lomv, 31 ; according to Tycho, 32 ; according to Hc- 
velitis, 40; according to Bayer, 33 ; and according to. 
FiauilUed, 80. 

DR A CION, in Aflronomy. See Draco. 

Dxacon’s Head, and ’Tail, are the nodes of the 
planets, hut more particularly of the moon, being the 
points in which the ecliptic is intcrfcf.ted by her orbit, 
in an angle of about 5 0 18'. 

One of tlu-fe points looks northward, the moon be¬ 
ginning then to have north latitude; and the other 
louilnvard, where flu- commence., fouth latitude; the 
former point being nprelemed by the knot fj for the 
head, and the otlur by the lame revel led, or •Q for the 
tail. And near thele points it ii that all ecl/pfe-i of the 
fun and moon happen. 

This deviation of the path of the moon from the 
ecliptic feems, according to the fancy of fome, to make 
a figure like that of a dragon, whole bellv is at the 
part where ttu: has the greatett latitude ; the interfee- 
tions rcprcfcnl ing the head and tail, from which rel’em- 
klance the denomination arifes. 

Theft: interfeftions are not always in the fame two 
points of the ecliptic, hut Drift by a retrograde motion, 
at the rate of 3' it'' per day, and completing their 
circle in 18 years 229 davs. 

Dragon -J>\ . tuts, in Archfte&ure, are two llrotig 
braces or Units, Handing under a breall-fummer, and 
meeting in an angle on the ttioulder of the king-niece. 

DRAM. See Drachm. 

DRAUGH 1 -Cowpaf/es, tliufe provided with fevcral ’ 
moveable points, to draw fine draughts in arcliitedlurc 
&c. See Co m ms. 

DRAUGHT-//mL are iarge hooks of iron, fixed 
on the cheeks of a gun-carriage, two on each fide, one 
near the trunnion hole, and the other at the train. 

DRAW-Bridge, a bridge made after the manner of 
a floor, to be drawn up, or let down, as occafion re¬ 
quires, before the gate of a town or cattle. 

DRIFT, in Navigation, denotes the angle which the 
line of a flop’s motion makes with thcnearcll meridian, 
when file drives with htr fide to the wind and waves, 
and is not governed by the power of the helm ; and alfo 
the diilance which the IItip drives on that line, fo called 
only in a llonn. 

DRIP, in Architetfturc. See Larmier. 

DRY- 71 /mu/. See Moat. 

DUCTILITY, a property of certain bodies, by 
which they arc capable of being beaten, prefled, drawn, 
or llrctchcd forth, without breaking ; or by which they 
are capable of great alterations in their figure and dimen- 
fion.% and of gaining in one way as they lofe in another. 

Such are metals, which, being urged by the hammer, 
gain iii length and breadth what they lofe in thicknefs ; 
or, being drawn into wire through holes in iron, grow 

longer 



out 
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Ringer as they become more (lender. Such alfo are 
gums, glues, retins, and Come other bodies; which, 
though not malleable, may yet be denominated dudiile, 
in as much as, when foftened by water, fire, or fomc 
other menllrnum, they may be drawn into threads. 

Some bodies are duttile both when they are hot and 
cold, and in all circumllances: (itch are metals, and ef- 
pecially gold and iilver; other bodies are dudtile only 
when they have a ceitaiu degree of heat; fuch as glufs, 
and wax, and fueh like fubllances: others again arc 
ductile only when cold, and brittle when hot; as fume 
kinds of iron, viz, thofe called by workmen redlhort, as 
alfo brafs, and fomc metallic alloys. 

The caufe of ductility is very oh feu re ; as depending 
much on hardtiefs, a quality whole nature we know 
very little about. It is true, it is ufual to account 
for bnrdncfs from the force of attraction between 
the particles of the hard body ; and for ductility, from 
the particles of Lhe ductile body being, as u were joint¬ 
ed, and entangled with each other. Hut without 
dwelling on tiny fanciful hypothefes about ductility, we 
may amufe otirfelves with fomc truly amazing cireum- 
llanoes and phenomena of it, in the inll.uices of gold, 
glilfs, and fpider's-wehs. Obfcrving however that the 
ductility of metals deereifes in the following order: 
gold, Iilver, copper, i’-on, tin, Lad. 

Ducth.ity of Gold. Due of the properties of 
gold is, to be the moll dui'tile of all bodies ; of winch 
the gold beaters and gold wire-drawers, furnifh us with 
abundant proof. 

I'a. Merfcnnc, M. Rohanlt, Dr. Halley, &c, have 
made computations of it : hut tlivv truiieJ to the re¬ 
ports of the workmen. M. Reaumur, in the Memoires 
<ie 1 ’Academic Royale des Heieneis, an. 1713, took a 
hirer way ; he made the experiment. himfJt. A iingle 
grain of gold, he found, even in the common gold leaf, 
uied in mod of our gildings is extended into 36 and 
a half fquarc inches; and an ounce of gold, which, in 
form of a cube, is not half an inch either high, broad, 
or long, is heat under the hammer into a furface of 136 
and a half fquarc feet ; an extent alinoll double to what 
could he done in former times. In Fa. Merfcntie’s 
time, it was deemed prodigious, that an ounce of gold 
fhnuld form 1600 leaves; which, together, oidy made 
a hirface of toy fquare feet. 

But the didenfion of gold under the hammer (how 
confidertible foever) is nothing to that which it under¬ 
goes in the drawing-iron. There are gold leaves, in 
fomc parts fcarce the T ,- A-’ rr part of an inch thick ; 
but v, r.r“n part u *‘nil inch is a eonliderable thicknels, 
in companion of that of the gold fpun on lilk in our 
gold thread. 

To conceive this prodigious diuflilitv, it is neesflary 
to have feme idea of the manner in vvhieli the wire draw¬ 
ers proceed. The wire, and thread we commonly call 
gold thread, &c, (which is only filvcr wire gilt, or co¬ 
vered over with gold), is drawn from a large ingot of 
fiber, ufually about thirty pounds weight. This they 
round into a cylinder, or rolk about an inch and a halt 
in diameter, and twenty-two inches long, and cover it 
with the leaves prepared by the gold heater, laying one 
over another, till the cover is a good deal thicker than 
that in our ordinary gilding; and yet, even then, it is 
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very thin { as will be cafily conceived from the quan¬ 
tity of gold that goes to gild the thirty pounds of (li¬ 
ver : two ounces ordinarily do the bufiaefs; and, fre¬ 
quently, little more than one. 

In died, the full thicknefs of the gold on the ingot 
rarely exceeds or T £y part; and, fometimes not 
7 B Ltt part of an inch. 

lint this thin coat of gold mufl be yet vaflly thin¬ 
ner : the ingot is fucccflively drawn through the holes 
of fcveral irons, each fmaller than the other, till it he 
as line as, or finer than a hair. livery new hole leflens 
its diameter ; blit it gains in length what it lofes in 
thicknefs; and, of couft-qiience, incrcafes in furface: 
yet the gold Hill covers ii ; it follows the Iilver in all 
its cxtenlion, and never leaves the minuted, part bare, 
not even to the miciofcopc. Yet, how inconceivably 
mud it be attenuated while the ingot is drawn into a 
thread, whole diameter is yoao times lefs than that of 
thr ingot. 

M. Reaumur, by exact weighing, and vigorous cal- 
nil.ition, found, that, one ounce oi the thread was 3232 
f.-ut long ; and the whole ingot 1163520 feet, Paris 
me.ifur.*, or y6 French leagues; equal to 1263400 
Fngliih feet, or 2 ;.o miles iinglilh ; an extent which 
far furpad'es what Fa. jVIerfc.me, Furetiere, Dr, Halley, 
i’.e, ever dreamt of. 

Merfetme lays, that half an ounce of the thread is 
ICO toifes, or fathoms long; on which footing, an 
ounce would only he 1200 feet: whereas, M. Reaumur 
finds it 3232. Dr. Halley makes 6 feet of the wire 
one grain in weight, and one grain of the gold yd 
yards; and, confequently, the ten thoiifuudth part of'a 
grain, above one third of an inch. The diameter of the 
wire he found one-i86th part of an inch 4 and the 
thicknels of the g< Id onc-i 54700th part of an inch. 

1 *ut tlitoo, comes fhort of hi. Reaumur; for, on 
this principle, the ounce of wire would only be 26S0 
feet. 

But the ingot is not yet extended to its full length. 
The great ell part of our gold tin cad is fpun, or wound 
on (ilk ; and, before it is ipim, they Hat it, by palling 
it In tween two rolls, or wheels oi exceedingly well 
poll (lied Heel; which wheels, in flatting it, lengthen it 
by above 011c feveuth. bo that our 240 miles arc now 
go! to 274. 

The breadth, now, of th.Tc lamina?, or plates, M. 
Reaumur finds, is onlv one-tlth of a line, or onc-gCth 
«f an inch ; and their thicknels one-3072d. The ounce 
of gold, then, is licit* extended to a furface of iiyo 
fquare feet ; whereas, the utmoll the gold beaters c.m 
do, we have obferved, is to extend it to 146 fquare 
feet. But the gold, thus exceedingly extended, how 
thin mull it he ! From M. Reaumur's calculus, it is 
found to he onc-i reoivth of a line, or one-2100 oooth 
of an inch ; whieh is fcarce ouc-tjth of the thickuds 
of Dr. Halley’s gold. 

But he adds, that this fuppofes the tliickiiefs of the 
gold every where equal, whieh is no ways probable ; 
for in heating the gold leaves, whatever care thev can 
bellow, it is impolliiile to extend them equallv. This 
we eafily find, by the greater opacity of fomc parts 
than others; for, where the leaf is thickcil, it will gild 
the wire the thickeit. 

M. Reaumur, 
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M. Reaumur, computing what the thicknefs of the 
gold mull be where tliinnell, finds it onlyone-3150000th 
part of an inch. But what is the 01103150000th part 
of an inch ? Vet this is not the utmoil ductility of gold, 
for, inftead of two ounces of gold to the ingot, which 
we have here computed upon, a Angle one might have 
been ufed ; and, then, the thicknefs of the gold, in the 
thinneft places, would only be the 6300000th part of an 
inch. 

And yet, as thin as the plates arc, they might be 
made twice as thin, yet Hill be gilt; by only prefliug 
them more between the Hatter's wheels, they are ex¬ 
tended to double the breadth and propci tionably in 
length. So that thtir thickiiels, at lail, will be reduced 
to 0:1c thirteen or fourteen millionth par? of an inch. 

Yet, with this auar ing thinneis of the gold, it it 
{lilt « perfect cover for the iilver: the bell eye, or even 
•the hell microfoope, cannot difeover the leaf! chafm, or 
difeontimiity. There is not an aperture to admit al¬ 
cohol of wine, the fublilelt fluid in nature, or even light 
itfelf, iinlcfi it be owing to cracks oeealioned by repeat¬ 
ed flrokesof the hammer. Add, that if a piece of this 
gold thread, or gold plate be laid to dilTolve in aquafor¬ 
tis, the Iilver will be all excavated, or eat out, and the 
gold left entire, in little tubules. 

It fhotild be obferved, that gold, when it has been 
flruek for fume time by a hammer, or violently com- 
preffed, as by gold wire drawers, becomes more bard, 
elallie and llitf, and lefs ductile, fo that it is apt to be 
cracked or torn : the fame thing happens to the other 
■metals by percuflion and eompreflion. But ductility 
and traftability may be reflorul to metals in that Hate, 
by annealing them, or making them red hot. Gold 
feems to be more affected by percullion and annealing, 
than any otlur metals. 

As to the Ductility offoft hotfirs, it is not yet car- 
lied to that pitch. The reader, however, mull not he 
fuipvil’ed that, among the ductile bodies of this chifs, 
sve give the firll plaee to the moll brittle of all other, 
■glafs. 

Ductility of Chi/}. We all know, that, when well 
penetrated with the heat of the lire, the workmen ran 
figure and manage glafs hkc foft wax ; but what is molt 
■remarkable, it .may be drawn, 01 fpun out into threads 
exceedingly fine and long. 

Our ordinary fpinners do not form their threads of 
filk, flax, or the like, with half the eafe, and expedition, 
as the glafs fpinners do threads of tin's brittle matter. 
We have fome of them ufed in plumes for children’s 
beads, and divers other works, much liner than any 
hair, and which bend and wave like it with every wind. 

Nothing is more Ample and eafy than the met hod of 
making them: there are two workmen employed ; the 
firft holds one end of a piece of glafs over the flame of 
a lamp ; and, when the heat has foftened it, a feeond 
operator applies a glafs hook to the metal thus in fuliou; 
and, withdrawing the hook again, it brings with it a 
thread of glafs, which ftill adheres to the ntal’s : then, 
fitting his hook on the circumference of a wheel about 
two feet and a half in diameter, he turns the wheel as 
fall as he pleafes; which, drawing out the thread 
winds it on its rim ; till, after a certain number of re 
volutions, it is covered with a ikuin of glafs thread. 


Tlic mafs in fufion over the lamp ditniiiifhtt tnfen- 
fibly ; being wound out, as it were, like a pelotoon, or 
clue of filk, upon the wheel; and the parts, as they re¬ 
cede from the flame, cooling, become more coherent 
to tliofe next to them; and this by degrees: the parts 
nearell the fire are always the leall coherent, anti, of 
coufequtnce, rnull give way to the effort the rell make 
to draw them towards the wheel. 

The circumference of llufe threads ij ufually a flat 
oval, being three or four times as broad as thick : fome 
of them ieem fcarce bigger than the thread of a filk 
worm, and are lurpriitngiy flexible, li the two ends 
offueh threads he knotted together, they may be drawn 
and bent, till the aperture, or lpace in tt.e middle of the 
knot, doth not exceed one-.j.lh of a line, or une-4bth of 
an inch diameter. 

lienee M. Reaumur advance 5 , that the flexibility of 
glafs increafes in propoiti.ni to the (inenefs of the 
threads; and that, probably, had we but the art of 
drawing threads as line as a fpid -r's web, we might 
weave Huffs and cloths of them for wear. Aeeording- 
ingly, he made Ionic experiments this way : and found 
lie could make threads line enough, viz, as fine, in his 
judgment, as ipidcr’s thread, hut he could never make 
them long enough to do any thing with them. 

1 ) 0 c r 11.1 1 v of Sj'iiu i 's-tvibs. See W 1; a. 

DUNGEON, Donjon, in 1 'ortiiication, the high eft 
part of a eallle built after the ancient mode ; fcrvii.g 
as a watch-tower, or place of obfervation ; and ail'o 
for the retreat of a garrifon, in cafe of neecfiity, lo 
that they may capitulate with greater advantage. 

DIMM. F, or Don km-. Ratio, is tltat. in which the 
antecedent tcim is double the eonfequent ; or, where 
the exponent of the ratio is 1. Thus, 6 to 3 is in a 
duple ratio. 

b'.v/.-Durt.r. Ratio, is that in which the eonfequent 
is double the antecedent; or, in which the exponent 
of the ratio is J. As in 3 to 6, which is in fubduple 
ratio. 

DUPLICATE Ratio, is the fquare of a ratio, or 
the ratio of the fquares of two quantities. Thus, toe 
duplicate ratio of a to b, is tile ratio of,/ 1 to b z , or of 
the fquare of // to the fquare of l —in a ferics of geo¬ 
metrical proportionals, the ill term is to the 3d, in a 
duplicate ratio of the ill to the 2d, or as the fquare of 
the firfl to the fquare of the 2d ; Thus, iu the geo¬ 
metrical 2, 4, !>, 16, &c, the ratio of 2 to N, is the 
duplicate of that of 2 to 4, or as the fquare of 2 to 
the fquare of 4, that is, as 4 to 16. So that dupli¬ 
cate ratio is the ratio of the fquares, as triplicate ratio 
is the ratio of the cubes, &c. 

DUPLICATION, is the doubling of a quantity, or 
multiplying it by 2, or adding it to itfelf. 

Duplication of <1 Cult, is finding out the fide of a 
cube that (hall he double in folidity to a given cube; 
which is a cekhrated problem, much cultivated by the 
ancient geometricians, about 2000 years ago. 

It was firll propofed by the oracle of Apollo at 
Delphos; which, being confultcd about the manner of 
flopping a plague then raging at Athens, returned for 
aniwer, that the plague mould ceafc when Apollo's 
altar, which was cubical, fhould he doubled. Upon 
.this, they applied themfehes in good carnelt, to feek 
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the duplicatnre of the cube, which from thence was 
called the Delian problem. 

This problem cannot be efiefted geometrically, as it 
requires che folutiou of a cubic equation, or requires 
the finding of two mean proportionals, viz, between the 
fide of the given cube and the double of the fame, the 
firll of which two mean proportionals is the fide of the 
double cube, as was full obfervod by Hippocrates of 
Chios, For, let a be the fide of the given cube, and w 
the fide of the double cube fought; then it is a 3 =. 
2 u 3 , or a 1 : a* :: a : za ; fo that, if// and a be the 
firll and 2d terms of a fet of continued proportionals, 
then a z : a* is the ratio of the fquare of the lit to 
tile fquare of the 2d, winch, it is known, is the fame as 
the ratio of the 111 term to the 3d, or of the 2d to the 
4th, that is ol a to 2 a ; therefore k being the 2d term, 
2 a will he the 4th. So that c, the lide of the cube 
fought, is the 2d of four terms in continued proportion, 
the ill ami 4th being/rand 2 //, that is, the lide of the 
double cube is the lull of two mean proportionals be¬ 
tween a ami 2in 

Eutoeius, in bis Commentaries on Archimedes, gives 
fevcral ways of performing this by the mefolabc. I11 
Pappus too are found three different ways ; the firll ac¬ 
cording to Aichimcdcs, the fccond according to Hero, 
ami the 3d by an iullrumcnt invented by Pappus, which 
gives all the proportions required. The fieur dc Comicrs 
has likewife publifhcd a dcmimllration of the fame pro¬ 
blem, by means of a eoiwpafs with three legs. But all 
lliefe methods are only mechanical. tine Valerius 
Maximus, lib. 8 ; alfo Kutoeius’s Com. on lib. 2. Ar¬ 
chimedes tie Spbxm & Cylindro ; and Pappus, lib. 
3, prop, ?, & lib. 4, prop. 22. 

DUREIl (Albi r r), defeended of an Hungarian 
family, but born at Nuremberg, in 1471, was one of 
the hell engravers, painters, and practical geometricians 
of his age. lie was at the fame time a man of letters 
and a pitilofoplicr ; ami he was an int imate friend of 
Krafmus. who revifed fume of the pieces which he pub¬ 
lifhcd. He was alfo a man of hufinci's, and for many 
years the leading magillrate of Nuremberg. 

Though not the inventor, lie was one of the firll and 
greatefl improvers of the art of engraving. He was 
however the inventor of cutting in wood, which lie de¬ 
viled and pratiifed in great perfection, ufing this way 
for expedition, as he had a multitude of defigns to exe¬ 
cute ; ami as his work was ufually done in the moll ex- 
quilite manner, his pieces took him up much time. For 
in many of thofc prints w hich he executed on capper, 
the engraving is elegant to a great degree. His Heli- 
Srene in particular, engraven in the year 1513, is as 
highly finiihed a print as ever was engraved, and as hap¬ 


pily executed. In Li* wooden prints too it is furprif- 
ing to fee fo much meaning in fo caily a mailer. In 
fatt, Durer was a man of a very extenlive genius. His 
pictures were excellent; as well as hi., prints, which- 
were very numerous. They were much admired, from 
the firll, and eagerly bought up ; which put his wife, 
who was another Xantippe, upon urging him to fpend 
more time upon engraving than he was inclined to do : - 
for he was rich; and chofe rather to pratlifc his art 
as an amufement, than 33 a bufintfs. He died at Nu¬ 
remberg, in 1528, at 57 years of age. 

Albert Durer wrote fevcral books, in the German 
language, which were tranflated into Latin by other 
perfons, and publilhed after his death, viz, 

1. His book upon, the rules of painting, intitlcd r 
De. Symmetrict Partium in reftii farmit llumanorum Corpo- 
rum , is one of them : printed in folio, at Nuremberg, 
in 1532, and at Pat is in 1557; An Italian verfion alio • 
was publilhed at Venice, in 1 yy t. 

2. Jnjlitutionn Geometric*; Paris 1532. . 

3. De Urbibus, Arcibns , CaJleUijip .* conihiulis mn~ 

nientlis ; Paris J531. 

4. De Varutate Fi+urarum, et Fhxuris Partium , et 
Gejiibus Imaginum ; Nuremberg 1534. 

The figures in lliefe books, which nre from woods* 
plat art vciy nuiricrousj ai id moll admirably well exe¬ 
cuted, indeed far beyond any thing of the kind done in 
our own days. Some of them alfo are of a very large 
ftze, as much as 16 inches in length, and of a propor¬ 
tional breadth, which being cxquitituy worked, mult 
have coll great labour. His geometry is chiefly of the 
practical kind, eonfilling of the molt curious deferip- 
tions, inferiptions, and circunifcriptions of geometrical 
lines, planes, and folids. We here meet, for the firft 
time, with the plane figures, which folded up make the 
five regular or platonic bodies, as well as that curious 
conllruotion of a pentagon, being the lull method in 
prob. 23 of my Menfuration. 

DYE, in Architecture, the trunk of the pedellal, 
or that part between the bafe and the cornice, being fo 
called, becaufc it is often made in the form of a dye or 
cube. 

DYMANICS, is the fcience of moving powers 4 
more particularly of the motion of bodies that mu¬ 
tually adl on oneanotbei. Sie Michasks, Motrin', 
Communication of Motion , Oscillation, Percus¬ 
sion, &c. 

DYPTERE, or Dittf re, was a kind of temple, 
encompalfed round with a double row of columns; and 
the pfcudo-diptcre, or falfe diptere, was the fame, only 
this was encompalfed with a lingle row of columns, in- 
llead of a double low. 
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E AGLE, ylquila, is a conflcllation of the northern 
hemifphere, having its right wing contiguous to 
•the equinoctial. For the itars In this conftellation, fee 
Aquila. 

LA R TH, Terra , in Natural Philofnphy, one of the 
four vulgar, or Peripatet ical elements ; defined a funple, 
dry, and cold fubflance ; and, as fttch, an ingredient in 
the compofition of all natural bodies. 

The Earth, in Geography, this terraqueous globe 
or ball, which we inhabit, confiding of land and fea. 

Figure of the Earth. The ancients had various opi¬ 
nions as to the figure of the earth : fonie, as Anaximan¬ 
der and Leucippus, held it cylindrical, or in form of a 
drum : but the principal opinion was, that it was flat; 
that the vifihle horizon was the bounds of the earth, 
and the ocean the bounds of the horizon ; that the hea¬ 
vens and earth above this ocean were the whole vifible 
univerfe ; # and that all beneath the ocean was Hades : 
and of this fame opinion were alfo fome of the Chriflian 
fathers, as Ladtantius, St. Auguftine, See. Sec Laftati. 
lib. 3, cap. 24; St. Aug. lib. 16, dc Civitate Dei; 
Ariftotle de Coelo, lib. 2, cap. 13. 

Such of the ancients however as underftood any 
thing of aftronomy, and efpecially the dodtrine of 
eclipfes, muft have been acquainted with the round 
figure of the earth ; as the ancient Babylonian afirono- 
mers, who had calculated cclipfes long before the time 
of Alexander, and Thales the Grecian, who predicted 
an cclipfe of the fun. It is now indeed agreed on all 
hands, unlefs perhaps by the molt vulgar and ignorant, 
that the form of the terraqueous globe is globular, or 
verv nearly fo. 

That the exterior of the earth is round, or rotund, 
is manifeft to the mofl common perception, in the cafe 
of a fbip failing either from the land, or towards it ; for 
when aperfon Hands upon the fhore, and fir; a (hip fail 
from the land, out to fea ; at firfl he lofes fight of the 
hull and lower parts of the fliip, next the rigging and 
middle parts, and lafily of the tops of the malls t licni- 
felvcs, in every cafe the rotundity of the fra between 
the fliip and the eye being very vifible: the contrary 
happens when a fliip fails towards us ; we firfl fee tile 
tops of the mails appear jufl over the rotundity of the 
fea; next we perceive the rigging, and lafily the hull 
<o r the (hip itfelf: all which is well illuilrated hy the 
following figure. 


EAR 



rhe round figure of the earth is alfo evident from 
the echpfes of the fun and moon ; for in all edipfts of 
the moon,which are caufed by the moon patting through 

unonM * f fliad °r V, | tlUt <hado *' al «’a.v!« appears circular 
upon the face of the moon, what wav foever it be pro¬ 
jected, whether call, well, north, or fouth, and liovvfo- 
eeer its diameter vary, according to the greater 01 lefs 
ddlanee from the earth. Hence it follows, that the 
Shadow of the earth, 111 all filiations, is really conical: 
and confequei.tly the hody that projects it, i. e. the 
eauh, is at icail nearly fphcrical. 

The fphcrical figure of the earth is alfo evinced from 
the riling and felting of the fun, moon, and flars ; all 
winch happen foouer to thoTc who live to the call, and 
latu to thole living weltwardly ; and that more or lefs 
eartl?' C ° rd,,, fi r l ‘> the diftance and roundnefs of the 

So alfo, going or failing to the northward, the north 
p;; e and northern flats become more elevated, and the 
io uh pole and fouthem flars more deputed; the ele- 

fcnXriv * I''', 7 , . ,, . ,crcafi ''£ ll;ii 1 7 whh the depreflion 

} ’ nd ‘Ji u *' r t,u 7 n proportionably to the 
,1 ‘ r tC ^ u ’ ^' n ’ c ihing happens in going to 
the fouthvvaid. Befides, the oblique afeenfions, dc- 
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fcenfions, emcrfions, and amplitudes of the rifing and 
felting of the fun and liar# in every latitude, are agree¬ 
able to the fuppofition of the earth’s being of a iphe- 
rical form: all which could not happen if it was of 
any other figure. 

Moreover, the roundnefs of the earth is farther con¬ 
firmed by its having been often failed round: the firlt 
time' was in the year 1519, when herd. Magellan made 
the tour of the whole globe in 1124 days. In the year 
1557 Francis Drake performed the fame in 1056 days: 
in the year 1586, Sir Tho. Cavendilh made the fame 
voyage in 777 days; Simon Cordes, of Rotterdam, in 
the year 1 390 ; in the year 1598, Oliver Nuort, a 
Hollander, in 1077 days; Van Sellouten, in the year 
1615, in 749 days ; jae. Heremites and Job. Huy¬ 
gens, in the year 1623, in 802 days : and many others 
nave finer performed the fame navigation, particularly 
Anion, Bougainville, and Cook. Sometimes failing 
round by the callwaul, fometimes to the weIIward ; till 
at length they arrived again in Europe, from whence 
they fet out ; and in the courfe of their voyage, ob- 
ferved that all tin phenomena, both of the heavens and 
earth, coiTifpond to, and evince this fjiherieal figure. 

'1’he fame globular figure is likewife inferred from 
the operation of .Levelling, in which it is found necef- 
farj to make an allowance for the difference between 
the apparent and the true level. 

The natural eaufe of this fphcricity of the globe- is, 
tu cording to Sir liaac Newton, the great, principle of 
attraction, which the Creator has (lamped on all the 
matter in the univcrle ; and liy which ail bodies, and all 
the parts of bodies, mutually attract one another.— 
And the fame is the eaufe of the fphcricity of the 
drops of rain, quickfilver. See. 

What tin earth loles of iis fphericity by mountains 
and valleys, is nothing eonliderable; the highell cmi- 
tieiu-e being fearee equivalent to the minuteit protuber¬ 
ance on the in- face of an orange. Its diffircuee from 
a perfect fphere however is more cotifiderable in ano¬ 
ther ie(peCt,hy which it approaches nearly to the ihape 
of an orange, or to an oblate fpheroid, being a little 
flatted at the poles, and rnifed about the equatorial 
part:--, fo that tie- axis from pole to pole is lei’s than 
the equatorial diameter. What gave the full oecalion 
to the dileoeery of this figure of the earth, was the ob- 
Jervatioiis of foine French and Fnigblh philofopliers in 
the Fall Indies, anil other parts, who found that pen¬ 
dulums, the nearer they came to tlet equator, perform¬ 
ed their vibrations (lower: from whence it follows, that 
tne vi locify of the defeent of bodies by gravi: y, is lei’s in 
count riv.. nearer to the equator; and eonfciiucntly that 
thofi- parts are farther removed from the centre of the 
earth, or from the common centre of gravity, bee the 
:li!U>-y of the Royal Academy of N-. finees, hv Du 
ixe.mcl, p. 1 i'j, 15b, rc6 ; and i’Hiit. dfTAiuiL Roy. 
i^co and 1 701.— This eireumilaiiee pul Huygens and 
Newton upon iii ding out the eaufe, which they at- 
tribi ted to the revolution of the earth about its axis, 
if the earth wen- in a fluid flute, its rotation round 
its axis would necclihrily make it put on fucli a figure, 
1-ecaufe the e.entriiug:.l force being griatcil to¬ 
wards the equator, the fluid would there rife and 
i in ell moll ; and that its figure really fhould be fo now, 
feenrt nccelfarv, to keep the fca in the equinoctial re- 
'Vol. I. ' 


gions from overflowing the earth about thofe parts. 
See this curious fubjeCt well handled by Huygens, in 
his difeourfe De Caufa Gravitatis, pa. 154, where In¬ 
flates the ratio of the polar diameter to that of the 
cquator, as 577 to 578. And Newton, in his Princi- 
pia, firil publiilied in 1686, demonilrates, front the the¬ 
ory of gravity, that the figure of the earth mull be tha* 
of an oblate fpheroid geneiated by the rotation of an 
ellipfeabout its ihorteit diameter, provid 1! all the part.. 
of the earth were of an uniform deniitj throughout, 
and that the proportion of the polar to the equatorial 
diameter of the earth, would he that of 689 *0 692, 
or nearly that of 229 to 230, or as -9930j22 to 1. 

This proportion of the two diameters was calculated 
by Newton in the following manner. Having found 
that the centrifugal force at the equator fi } ; T th oi 
gravity, he affumes, as an hypothelis, that the axis of 
the earth is to the diameter of the equator ;w 100 to 
101, and thence determines what mull be the centrifu¬ 
gal force at the equator to give the earth inch a form, 
and finds it to be , j^ths of gravity: then, by tlu* iuk- 
of proportion, if a centrifugal force equal to £. ths 
of gravity would make the earth higher at the equator 
than at the poles by T /, 5 th of the whole height at the 
poles, a centrifugal force that is the s { 3 th of gravity 
will make it higher by a proportional exeefs, which by 
calculation is ji^tli of the height at the poles; and 
thus he difeovered that the diameter at the equator is 
to the diameter at the poles, or the axis, as 230 to 229. 
But this computation fuppofes the earth to be every 
where of an uniform deniity ; whereas if the earth is 
more denfe near the centre, then bodies at the poles, 
will be more attracted by this additional matter being 
nearer ; and therefore the exeefs of the fi-midiametci 
of the equator above the femi-axis, w : I1 be diif.renl. 
According to this proportion between the two diame¬ 
ters, Newton farther computes, from the different 
meafures of a degree, that the equatorial diame er will 
exceed the polar, hy 34 mil'-s and 

Neverthelefs, Meflrs Caffmi, both father anil fun, the 
one in i-~c i, and the other in 1713, attempted to pi>- : 
i'l the Memoirs of the Royal Academy of Scicinv-, tit t 
the earth was an oblong fphet-nid ; an* in 1718, M. 
Caflini again uiiekrtooL, from obfirvatiu;':-, ie.e-.e tha:, 
on the contrary, the longc-fl diameter paffi ■ tho ugh th • 
poles; which gave oecalion for M r . John Ik rmj-.dl-, ri 
his F.ffai d’uiK- Nouvelle I’hvlique CVli-ile, printed at 
Paris in i ~ 25, to triumph over the Britiih ph.hiiopiu;, 
apprehending that theie obfenatiom: w-uild in.alid-gc 
what Newton had demoniliateil. And in 1720, M. 1 >- 
Mairan advanced arguments, f> pm.fid U he ifienglh. ■- 
ed hr’ geonictric.d demonitratio-.is, farther to 
the affertions ofCafllr.i. But ,11 1, 33 two cen.paih.s 
of mathematicians were employ'd, one fi.r a no. them, 
and another for a fouthern expediti* n. the rt.-.iH if 
whofe ohfervations and niiafun n.ent plainly proved that 
the carth was flatted at thep'>!--.. Set Dic;r>f. 

The proportion of tlu* equate rial diameter to the po¬ 
lar, as Rated by the gentlemen employed on the north¬ 
ern'expedition for meafuring a degree of the meridian, 
is as 1 to 0-9891 ; by the Spauitli mat hematic Ians i-s 
266 to 265, or as 1 to 0*99624; hy M. Burgucj- as 
179 to 178, 01-as 1 to.0-99441. 

As to all conclufious however d-.duccd item the 
3 F length 
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length. of pendulums in different places, it is to be ob- 
ier.ved that they proceed upon the fuppoiition of the 
uniform denfity of the earth, which is :i very improba¬ 
ble circtimflance; as juflly obferved by Dr. Hoifley 
in his letter to Capt. Phipps. “ You finilh your ar¬ 
ticle, he concludes, relating to the pendulum with fay¬ 
ing, * that thefc observations give a figure of the earth 
nearer to Sir lfaae Newton’s computation, than any 
others that have hitherto been madeand then you 
ftate the fever.il figures given, us you imagine, by former 
obfervations, and by yonr own. Now it is very true, 
th.it if the meridians be ellipfes, or //''the figure of the 
earth be that of a fpheroid generated by the revolution 
of an ciliplis, turning on its Hunter axis, the particular 
figure, or the cllipticity of the generating ellipiis, which 
your obfervations give, is nearer to what Sir lfaae New¬ 
ton faith it fhould be, it the globe were homogeneous, 
than any that can be derived from former obfervations. 
But yet it is not what you imagine. Taking the gain 
of the pendulum in latitude 79 0 50' exactly as you 
Hate it, the diflcrenco between the equatorial and the 
polar diameter, is about as much lefs than the Newto¬ 
nian computation makes it, and the hvpotheiis of ho¬ 
mogeneity would require, as you reckon it to be greater. 
The pioportion of 212 to 2 U fhould indeed, according 
to your obfervations, be- the proportion of the force that 
adts upon the pendulum at the poles, to the force adding 
upon it at the- equator. But this is by no means the 
hunc with the pioportion of the equatorial diameter to 
the polar. It the globe were homogeneous, the equa¬ 
torial diameter would exceed the polar by * of the 
length of the latter: and the polar force would alio ex¬ 
ceed the equatorial by the like part. But if the differ¬ 
ence between the polar and equatorial force be greater 
than J-. v , (which may be the cafe in an heterogeneous 
globe, and feems to be the cafe in ours,) then the 
difference of the diameters fltould, according to theory, 
be lefs than s j v , and vice verfa. 

“ I confefs this is by no means obvious at firft fight; 
fo far otherwise, that the miftake, which you have fallen 
into, was once very general. Many of the belt mathe¬ 
maticians were milled by too implicit a reliance upon 
the authority of Newton, who had certainly confined 
bis iuveftigations to the homogeneous fpheroid, and had 
thought about the heterogeneous only in a loofc and 
general way. The late Mr. Clairault was the firll who 
fet the matter right, in his elegant and fubtle treatife 
on the figure of the earth. That work hath now been 
many years in the hands of mathematicians, among 
whom I imagine there are none, who have confidcred 
the fubjcdl attentively, that do not acquiefce in the au¬ 
thor’s conciufions. 

“In the- 2d part of that treatife, it is proved, that 
putting P for the polar force, 11 for the equatorial, S 
for the true elliptieity of the earth's figure, and 1 for 
the cllipticity of the homogeneous fpheriod, 

p —n . , . , p—ii 

——— = Zt — 8 : therefore J — 2t-, 

n 11 

and therefore, according to your obfervation, s g t . 
This is the jult concluiion from your obfervations of 
the pendulum, taking it for granted, that the meridians 
arc ellipfes: which is an hypo thefts, upon which all the 
reafonings of theory have hitherto proceeded. But 
pUufibic as it may feem, I muff lay, that there is much 
4 


reafon from experiment to call it in queftion. If it 
were true, the increment of the force which actuates 
the pendulum, as we approach the poles, fhould be as 
the fquarc of the fine of the latitude : or, which is the 
fame tiling, the decrement, as we approach the equa¬ 
tor, fhould be as the fquare of the cofine of the latitude. 
But whoever takes the pains to compare together ftich 
of the obfervations of the pendulum in different lati¬ 
tudes, as feem to have been made with the greatefl care, 
will find that the increments and decrements do by no 
means follow thefc proportions ; and in thofe which I 
have examined, 1 find a regularity in the deviation 
which little- rcfeinliles the mere error of obfervation. 
The unavoidable concluiion is, that the true figure of 
the meridians is not elliptical. Tf the meridians are 
not ellipfes, the drifcrencc of the diameters may indeed, 
or it may not, be proportional to the difference between 
the polar and the equatorial force ; but it is quite an 
uncertainty, what relation fub.'iils between the one 
quantity and the other; our whole theory, except li> 
iar as it relates to the homogeneous fpheroid, is built 
upon fade affumplions, and there e no faying what 
figure of the earth any obfervations of the pendulum 
give.” 

He then lays down the following table, which fltews 
the different rcfults of obfi. nations made- in different la¬ 
titudes ; in which the firft three columns contain the 
names of the ftvcrul ohfervers, the places of obfervation, 
and the- latitude of each ; the .pt 1» column fltews the 
quantity of I’ — U in fuch parts as I! is toocce, as de¬ 
duced from comparing the length of the pendulum 
at each place of obfervation, with the length cf the 
equatorial pendulum as determined by M. ltou'.nier, 
upon the luppoJition that the increments and decre¬ 
ments of force, as the latitude is incrcafcd or lowered,' 
ohferve the proportion which theory aflign>. Only the 
2d and the fail value of I* — II are concluded from com- 
parifons with the pendulum at Greenwich and at Lon¬ 
don, not at the equator. The 5th column (hews the- 
value of $ cotrcfpondii.g to every value of P—II, ac¬ 
cording to Clairault’s theorem ; 


Ol'fcrvers. 

/ luce*. 

Latitudes. 

r—1. 

\ 

O 

Bouguer 

Equator 

0" 0' 



Bouguer 

Porto Be-llo 

y 34 

741-8 

I 

"Tl 

Green 

Utalicitcc 

•7 29 

563-2 

1 

? - ? 

Bouguer 

San I)omiug<> 

18 27 

591-0 

* 

Abbe de lal 

Cape of | 




Caille J 

flood Hope » 

33 55 

73 ‘*5 


TheAcade -1 

Paris 

48 50 

585-1 

I 

3 V-, 

rnicians J 

Pelio 

66 48 

565-9 


Capt. Phipps 

.... 

^-1 

VO 

Vn 

0 

47 « i 

I 

IT 1 


“ By this table it appears, that the obfervations in 
the middle parts of the globe, fetting aftdc the fingle 
one at the Cape, are as confident as could reafonably 
be expected; and they reprefent the cllipticity of the 
earth as about 3 But when we come within 10 
degrees of the equator, it fhould feem that the force of 
gravity fuddenly becomes much lefs, and within the like 

diffanoe 
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diftancc of the poles much greater than it could be in 
fuoli a fpheroid.” 

The following problem, communicated by Dr Lca- 
thcrland to Dr. Pemberton, and publifhcd by Mr. Ro- 
bertfon, ferves for finding the proportion between the 
axis and the equatorial diameter, from meafurcs taken 
of a degree of the meridian in two different latitudes, 
fuppof ng the earth an oblate fpheroid. 



I,(t AP.'/> be :.n ellipfe reprefenting a feel ion of tlie 
cnith through the axis P/»; the equatorial diameter, 
i.v the greater axis of the ellipfe, being An ; let E and 
1 be imi places ’inert the nieafurc of a degree has 
been t.kcu ; thefe iruafiircr. are proportional to the ra¬ 
dii of iMrv.it".)-' in the ellipfe at thofr places; and if 
CT^, C .IK- conjugates to the diameters whofe vet ti¬ 
res a-•• l\ and F, C'Q^will be toCK in the fubtriph'catc- 
ot 1 he radiii. id curvature- at E to that at F, hy 


.mg 
: 11 i • 1 

..tic ■ 


RX 


if Mthics’b Conic Snftions, ai. J 
.10 I-' one another; a’fo ihe 
1 he laiiti.diot F. and F: to 
alto T'y, and t^WW to A.7, 
o’..n, as w til a- tin ratio oi C’Q^ 
e, •igiiri ( \ OX RV is given in fpc- 
i W — '/X.- ( = <y\ X XWj to 




•\iii, which is the ta- 


l_ T-; tin .t)me the ultio of CA to CP 


' or. 1 , pact.. | - 11 : ’> 
ii.-i f. >•-_ i" a give" 
a* •■hr OC!\ KIT ar. 
t !• it, <ii 0 . iti> <y\ par 
tlulr n'lidis t 
I., Cl’, t!.. v ■ 
eit■' ; and tht ’ 

K 7 .- — C . - i 

1 of C.C to 

1, i.r.vn. 

] jeiice, if 'hi fill'' and eu'iue of the g; 1 ater latitude 
be ea. h r.n' , nunttd ii the fi.l.t: ipiica'.t ratio of the 
me.dare of llie c!.p’-. • it. the gteatcr latitude to that in 
thi iefl.-r, then the d ii'-rcncc of the fquares of the aug¬ 
ment rd liia , .Mai the tine of the K fit r latitude, will he 
to the difciciia of the figures of tl.e entitle of the let¬ 
ter l itinid' ae.d the ai mc-nte-d eodue, in the duplicate 
ratio of the t qui-lovjal to the polar ehatnetei. For, Cif 
being takui in C.K’^cqual to (,'R, and yr draw, parallel 
to OV, Cv a id ry, CA and/flv will U the ligus and 
eofiius of the rrfpeclive latitudes tv> the fame radius; 
and cv, VO will he the augmentations ot Ct' and C q 
in the uttio named. 

Hence, to fmd the ratio between tin two axes of tlie 
earth, let F, denote the greater, and F the Idler of the 
two latitudes, M and N the refpective meafurcs taken 

in each ; and let P denote \J : then 


J. 


rofd F - P* X cof.*E . 
P* x lin.Ti — iln. 1 F 


lefl’er axis 
gieata axis 


It alfo appears by the above problem, that when one of 
tie degrees meafured, is at the equator, the coline of the 
latitude of the other being augmented in the fubtripli- 
cate ratio of the degrees, the tangent of the latitude 
will be to the tangent anfwering to the augmented co. 
fine, in the ratio of the greater axis to the lefs. For 
fuppoling E the place out of the equator; then if the 
femi-circle P bmp be deferibed, and /C joined, and wo 
drawn parallel to aC : Co is the cofinc of the latitude 
to the radius CP, and CY that cofinc augmented in 
the ratio before-named ; YQ_ being to Y/, t-iiat is Ca to 
C» or CP, as the tangent of the angle YCQ_, the lati¬ 
tude of the point E, to the tangent of the angle YCV, 
belonging to the augmented cofinc. Thus, if M rc- 
prefent the meafure in a latitude denoted by E, and N 
the meafure at the equator, let A denote an angle 
whofc meafure is 

- _ 1 / M tan. A . leffer axis 

cof. E X ' / -rv • Then-— is =: --. 

N tan. E greatcraxis 

But M, or the length of a degree, obtained by ac¬ 
tual menfnration in different latitudes, is known from 
the following table: 


Names. 

Maupcrtuis and Affoc. 
Caflini and f 
l.a Caillc l 
Bofcovich 
De la Caille 
Juan anil Ulloa 
Bonguer 
Condamine 


I.atit. Value uf M. 

. toifej 

66 20 | M = 57438 
49 22 ,M = 57074 
45 00 j M =. 57050 
43 co M = 56972 
33 18 = 57037 

| 00 00 | M = 56768 ^ at ilie 
! C.O c.o : M = 56753 ,«cqna- 
X O CO I M ~ 36749 I tor. 


Nov-, by comparing the iff with each of tlie follow¬ 
ing ones ; the id with each of the following; and in 
like manner the 3d, 4th, and 5th, with each of the fol¬ 
lowing ; there will he obtained 25 ufults, each fhewing 
the relation of the axes w diameters; the arithmetical 
means of all of whieii will give that ratio as 1 to 
0-99.7 i 98,;. 

if the meafures of the latitudes of 59° 22\ and of 
45 0 , which fall within the meridian line drawn through 
France, and which leave been re-examined and corrected 
lincc the northern and fouthern expedition, be com¬ 
pand with thufe of Maupcrtuis and his afiliciales i.i 
the north, and that of B.mgtier at the equator, there 
will refult 6 different values of the ratio of the two 
axes, the arithmetical mean of all which is that of 1 to 
OM933467, which rniiv he ronfidcrid as the ratio of 
the greater axis to the Is is ; which is as 230 to 
22.S-9.t974, or 215 to 214,01- very near the rat\> as 
afiigncd by Newton. 

Now, the magnitude as well as the figure of ihe 
earth, t' .0 is tlie polar and equatorial diameters, may 
be dediei 1 from the fore-going problem. For, as half 
the la I : ecilum of the- greater axis A a is the radius of 

curvature at A, it is given in magnitude from tlie de¬ 
gree meafured there-, and tht nee the axes thenifelves arc 
given. Thus, the circular are whole length is equal to 
the radius being 57*29578 degrees, if this number be 
multiplied by 5675c. tciles, the mealurc oi a degree at 
3 F 2 * ihe 
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the equator, as Bouguer has dated it, the product will 
be the radius of curvature there, or half tfie latus rec¬ 
tum of the greater axis ; and this is to half the Idler 
axis in the ratio of the lei’s axis to the greater, that is, 
as 0*9953467 to 1 ; whence the two axes are (>533820 
and 6564366 toifes, or 7913 and 7y^O Enghfii miles ; 
and the difference between the two axes about 37 
miles,. See Robcrtfoii’s Navigation, vol. 2, pa. 206 
&c. .See alfo Suite des Mein, dc l’Acad. 1718, pa. 
247, and Maclaurin’s Fluxions, vol. 2, book 1, 
cl. 14. 

And very nearly the fame ratio is deduced from the 
lengths of pendulums vibrating in the lame time, in dif¬ 
ferent latitudes; provided it be again allowed that the 
meriuians are real ellipfcs, or the earth a t rue lpheroid, 
which however can only take place i:i the eaie of an 
uniform gravity in all parts of the earth. 

Thus, in the new l’etcrfburulr Ads, lor the years 
1788 and 1789, are accounts and calculations of expe¬ 
riments relative to this fubjedt, hy M. lvraflt. Thete 
experiments were made at different times add in various 
parts of the Ruffian empire. This gcuilcir.au has col¬ 
lected and compared them, and drawn the proper cou- 
vlulions from them : thus he infers that the length .v of 
a pendulum that fwings fcconds in any given lati¬ 
tude a, aiul in a temperature ol to degree:, of Reau¬ 
mur's thcrmoim lei, may be determined by this equa¬ 
tion : 

x = 439-178 + 2'3 21 fine lines of a French foot, 
or.v = 39-0045 + 0’206fmc-X, in Englilh inches, 
in the temperature of 53 of Fahrenheit’s thermorm ter. 

This cxprelfion nearly agrees, not only with all the 
experiments made on the pendulum in Ruffin, but alfo 
with thofc of Mr. Graham in England, and thofc of 
Mr. Lyohs in 79° 50' north latitude, where he found 
its length to be 431 -38 Lines. It alfo fftews the aug¬ 
mentation of gravity from the equator to the parallel 
of a given latitude X : for, putting « for the gravity 
under the equator, G for that under the pole, and y for 
that under the latitude.', M. Krafft finds 
v — (1 -f 0-0052848 fine l x)g ; and theref. G — 

1 *0052848 

Front this proportion of gravity- under different lati¬ 
tudes, the fame author infers that, in cafe the earth 
is a homogeneous elSipfoid, its obiutem fs mull be ; 
initead of , which ought to he the relult of this 
hy potheiis : but on the fuppi.fition that the earth is a 
heterogeneous cllipfoid, he finds its oblatcnefs, ar de¬ 
duced from thefe experiments, tube.. -J, ; which agrees 
with that refulting from the u’cafurcnient of futnc of 
the degrees of the meridian. This confirms an oldcr¬ 
eation of M. De la Place, that, if the hypothefis of the 
earth’s homogeneity be given up, then theory, the tnea- 
furemtnt of degrees of latitude, and experiments with 
the pendulum, all agree in their relult with refpett to 
the oblatencfs of the earth. See Mtmoires dc 1 ’ Acad. 
1783, pm 17 - 

In the Pliilof. Tranf. for 1791, pn. 236, Mr. Dal- 
by has given forne calculations on mcafured degrees of 
the ntetidian, from wltence he infers, that thofc de¬ 
grees ineafured in middle latitudes, will aufwcr nearly 
to an ellipfoid whofe axes are in the ratio afligned hy 
Newton, via, that of 230 to 2Z9. And as to the de¬ 
viations of fume of the others, viz, towards the poles 


and equator, he thinks they are caufcd by the errors in 
the obferved celeftial arcs. 

Tacquc-t draws fome pretty little inferences, in the 
form of paradoxes, from the round figure of the earth ; 
as, iff, That if any part of the furface of the earth 
were quite plane, a man could no more walk upright 
upon it, than on the fide of a mountain. 2d, That 
the traveller’s head goes a greater fpace than his feet ; 
and a horfar.an than a footman ; as moving in a greater 
circle. 3d, That a vefl’el, full of water, being raifed 
pcipendicularly, form-of the water will be continually 
flowing out, yet theveffcl llill remain full; and on the 
contrary, it a vefi'el of water he let perpendicularly 
d'.-wn, though nothing flow out, yet it will eeafi- to he 
fill': cnnfvquently there is more water contained in the 
fame veffi-1 at the foot of a morn.tain, than on the top ; 
bccaule the furfaee of the water is cotnpreffcd into 
a fegment of a finallcr fpliere below than above. Taeq. 
Affv.'ii. iih. 1, cap. 2. 

Crangii 'j' tie■ Earth. Mr. Bnvlc fufpcfls tlrat 
there ar • great, though flow internal changes, in tire 
mat’s of the earth. He argues from ti>e varieties ob- 
leived in the change of the magnetic needle, and from 
the obterved changes in the temperature of climates. 
But as to the latter, there is rtafoit to doubt that he 
could not have dia ts of the weather fuificietlt to direct 
his judgment. Boyle’s Works ahr. vol. t, pa. 292, &c. 

Magmufm nf the Earth. The notion of the mag- 
netifm of the earth was llarted by Gilbert ; and Boyle 
luppofes magnetic effluvia moving from one pole to the 
other. See his Works ahr. vol. 1, pa. 285, 290. 

l)r. Knight alfo thinks that the earth may he con fi¬ 
de red as a great loadfforc, whofe magtu-iicul parts aid 
difpofed in a very irregular nunni-r ; and that thefouth 
pole of tlm earth is analogous to the north pole in mag¬ 
nets, that is, the pole by which the maguclical llrcani 
enters. StcM.vesn-. 

He obftrves, that all the phenomena attending the 
diredliou of the needle, in different parts of the earth, 
in great rm.afint eorrefpond with what happens to a 
needle, when placed upon n large terulla : if we make 
allowances for 1 he different d’fpofitions uf tl.c magrieti- 
cal jiavts, with rclpcdt to each other, and conlider the 
fouth pole of the earth as a north pole with regard to 
magnetilm. ’The earth might become magnelical hy 
the iion ores it contains, for all iron ores arc capable of 
magnetifm. ft is true, the globe might notw ilhffand- 
ing have remained iiumagncticnl, urilcfs fome caufc had 
exrfltd capable of making tlrat repellent matter pro¬ 
ducing magnet ilitt move in a ffream through tin earth. 

Now the doctor thinks that f'ueh a caufc does exilt.. 
For if tire earth revolves round the fun in an dlipfis, 
and the fouth pole of the earth is directed towards the 
fun, at the time of its defeent towards it, a llream of 
repellent irnlUrwiil thence be made to enter at the fouth 
pole, and iffuc out at lire north. And he fuggefh, tlrat 
the earth’s being in its perihelion in winter may be. one 
reafon why magnetifm is flronger in this fcai'ou than in 
fummer. 

This caufc here nfligned for the earth’s magnetifm 
muff continue, and perhaps improve it, from year to 
year. Hence the do lit or thinks it probable, that the 
earth’s magnetiftn has been improving ever force the 
creation, and that this may be one realoit why the ufc 
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cf the compafs was not difeovered fooner. See Dr. 
Knight’s Attempt to demonftratc, that all the pheno¬ 
mena in nature may be explained by Attraction and 
Rcpullion, prop. 87. 

Magnitude and Cotiftitution of the Earth. This has 
been varioufly determined by different authors, both 
ancient and modern. The ui'ual way has been, to 
mcafure the length of one degree of the meridian, and 
multiply it by 360, for the whole circumference. See 
1) kgrke. Diogenes Laertius informs us, that Anaxi¬ 
mander, a fcholar of Thales, who lived about 550 years 
before the Lirth of Chrill, was the lirlt who gave an 
account of the circumference of the fea and land ; and 
it feems his mcafure was tiled by the fucrecding mathe¬ 
maticians, till the time of Eraiofthcnes. Ariitotlr, at 
the end of lib. 2 De Cado, fays, the mathematicians 
who have attempted to mcafure the circuit of the earth, 
make it 40000 ftadiums : which it is thought is the 
number determined by Anaximander. 

Erat oil belies, who lived about zoo years before 
Chrilt, was the next who undeitonk this huiinefs; 
which, as Cleoinedcs relates, he performed hv taking 
the fun's zenith dillnnccs, and nicufurtiig the dillancc 
between two places under the fame meridian; by which 
lie deduced for the whole circuit about 250000 lla- 
d I urns, which Pliny Hates at 31500 Roman miles, rec¬ 
koning each at 1000 paces. 11 cl this mcafure was ac¬ 
counted falfe by many of the ancient matin mi.ticians, 
and particularly by Hipparchus, win*'lived 1 to years 
afterwards, and who added 25000 ftadiums to the cir¬ 
cuit of Eratolthenes. 

Poftidonius, in the time of Cicero and Pompcy the 
Oicat, next tneafured the caith, viz, by means of the 
altitudes of a liar, and im afui inga part of a meridian ; 
and he concluded the circumference at 250^00 fl uiuims, 
according to Cicotnedcs, but only at iboooo according 
to Strabo. 

Ptolomy, in his Geography, fays that Marians, a 
celebrated geographer, attempted fometliing of the 
fame kind; and, in lib. I, cap. 3, lw mentions that he 
lu'mfelf had tried to perform tlu* bufinelV iu a wav dif¬ 
ferent from any otlur before him, whirl', was by means 
of places under different meridians : but lie does not 
fay how much lie made the number : lor he (till made 
ufe of the 1 Sccoo,which lu.J been found out before him. 

Snellius relates, from the Arabian Ceogiaphcr Ahcl- 
fedea, who lived about the i ^cot’n ye t: - of Chrill, that 
about the 800th year of Chrill, Ahniimon, an Ara¬ 
bian king, having eolledted together fome (kiiful ma¬ 
thematicians, commanded them to find out t'.ic cii-.um- 
fcrence of the e.tnli. Accordingly tliefv made choice 
«>f t t.e fields of Mrfopoi.tmia, where they me.:fared un¬ 
der the fame me. iJfnn from m,nh to’ fonth, till the pole 
was depi effed one degree lower: which mcafure they 
found equal to 56 miles, or 56^ : fo that according to 
them th .■ ciicuit of the earth is 20160 or 20340 trulcs. 

It was a long time after this lx fore a:i) more at¬ 
tempts were made in this lmfiucfs. At length however, 
the lame Snell, abo\ mentioned, profelfor of mathuna- 
ties at Leyden, about the year 1620, with great (kill 
and labour, by mcaftiring layge dill.mces between two 
parallels, found one degree equal to 28coo perches, 
each of which is 12 Rkinlaud feet, amounting to 19 


Dutch miles, and fo the whole periphery 6840 miles | 
a mile being, according to him, 1500 perches, or 
18000 Rhinland feet. See his treatife called Eratof- 
thenes Batavus. 

The next that undertook this mcafurement, was Ri- • 
chard Norwood, who in the year 1635, by meafuring 
the dillancc from London to York with a chain, and 
taking the fun’s meridian altitude, June 1 ith old llyle, 
with a fextant of about 5 feet radius, found a degree 
contained 367200 feet, or 69 miles and a half and 14 
poles ; and thence the circumference of a great circle of 
the earth is a little more than 25036 miles, and the di¬ 
ameter a little more than 7966 miles. See the particu¬ 
lars of this mcafurement in his Seaman's Practise. 

The mcafurement of the earth by Snell, though 
very ingenious and troublefome, and much more accu¬ 
rate than any of the ancients, being Hill thought by 
fome French mathematicians, as liable to certain ftrudl 
errors, the buiinefs was renewed, after Snell’s manner, 
by Picard and other mathematicians, by the kind’s 
command ; tiling a quadrant of 3£ French feet radius ; 
bv which they iound a degree contained 342360 French 
feet. See Picard’s treatife, Ea Mefure de hi Terre. 

M. CalTiii tile younger, in the year 1700, by the 
king’s command all’o, renewed the buiinefs with a qua¬ 
drant of IO feet radius, for taking the latitude, and 
another of 3 \ feet for taking the angles of the trian¬ 
gles; arid found a degree, from his calculation, contain¬ 
ed 5”292 toilcs, oralrnoll 6yJ Engli111 miles. 

Sec the reiults of many other meafurements under 
the article Di o.r.Kr. From the mean of all which, the 
following di men lions may be taken as near the truth; 
the circumference 2 cooo miles, 

the diameter 7957+ miles, • 

the iuperticies 198944206 fquare miles, 

the folidity 263930000000 cubic miles. 

Alfo the leas and unknown pans of the earth, by a 
mcafurement of the bell maps, contain 160522026 
fquaic miles, the inhabited parts 38922180; of which 
Europe contains 4456065 ; Alia, 10768823 ; Africa, 
9654807 ; and America, 14110874. 

It is now generally granted Unit the terraqueous 
globe has two motions, bcfidcs that on which the pre- 
ceflion of the equinoxes depends ; the one diurnal 
aiound its own axis in the fpaec of 24 hours, which 
conllitutcs the natural day or RyOthrmcron ; the other 
annual, about the fun, in an elliptical orbit or track, in 
365 days 6 hours, conllituling the year. From the 
former arife the diversities of night and day ; and trom 
the litter, the vicifiitudes of fcafons, fpring, fummer, 
autumn, winter. 

The terraqueous globe is dilbinguiihed into three 
parts or regions, viz, ill. The external part or cruft, 
being that from which vegetables fpring and animals are 
nurfed. 2d, The middle, or intermediate part, which 
is pollened by fulfils, extending farther than hu¬ 
man labour ever yet penetrated. 3d, The internal or 
central part, which is utterly unknown to us, though 
by many authors fuppofed of a magnetic nature ; by 
others, a mafs or fphere of fire ; by others, an abyfsor 
collett iun of waters, fin-rounded by the llrata of earth; 
and by others, a hollow, empty fpacc, inhabited by 
auimals, who have their fun, moon, planets, and 
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other conveniences within the fame. But others di¬ 
vide the body of the globe into two parts, viz, the 
external part, called the cortex, including the internal, 
which the) call the nucleus, being of a different nature 
from the former, and poflefled by fire, water, or more 
probably by a confiderable portion of metals, as it has 
been found, by calculation, that the mean denfity of 
the whole earth is near double the denfity of common 
fione. See my determination of it, Philuf. Tranf. 
177S, pa. 781. 

The external part of the globe either exhibits in¬ 
equalities, as mountains and valleys ; or it is plane and 
level; or dug in channels, fi Hurts, beds, S:c, for ri¬ 
vers, lakes, teas, &c. Thcfc inequalities in the face 
of the earth moil naturaliils fuppofc have avifen fiotn 
a rupture or fubveriion of the earth, by the force either 
of the fnbtcrrancous fires or waters. The earth, in its 
natural and original tlatc, it has been fuppofed by Dcs 
Cartes, and after him, Burnet, Steno, "Woodward, 
Whillon, and others, was perfectly round, fniooth, 
and equable ; and they account for its prefent rude and 
irregular form, principally from the great deluge. See 
l)r i.t'Gi:. 

In the external, or cortical part of the earth, there 
appear various Uinta, fuppofed the fediments of fc- 
vcral floods ; the waters of which, being replete with 
matters of divers kinds, as they dried up, or 
oozed through, depoiited thefe different matters, which 
in time haidcucd into Urata of ilouc, fand, coal, 
clay, See. 

Dr. Woodward has confidered the eircumflances of 
thefe Urata with great attention, viz, their order, num¬ 
ber, fjtuation with nfpedl to the horizon, depth, inter- 
fections, fifiurcs, colour, confidence-, &c. He aferibes 
the origin'and formation of them all, to the great flood 
or cataelyfmus. At that terrible revolution he fup- 
pofed that all forts of terrellrial bodies had been dif- 
li >Ivc(! and mixed with the waters, forming all toge¬ 
ther a chaos or confuted mafs. This niafs of terrcftiial 
particles, intermixed witli water, he luppofcs was at 
length precipitated to the bottom ; and that generally 
according to the order of gravity, the heaviell linking 
firft, and the lighted afterwards. By ftich means were 
the Urata lonned of which the earth confids ; which, 
attaining their folidity and hardnefs by degrees, have 
continued fo ever fince. Thefe fediments, he farther 
concludes, were at firU all parallel and conccntrical ; 
and the furfacc of the earth formed of them, perfectly 
frnootb and regular ; but that in conrl'c of time, divers 
changes happening, from earthquakes, volcanos. See, 
the order and regularity of the Urata was dillurbcd and 
broken, and the furfaee of the earth by fuch means 
brought to the irregular form in which it now ap¬ 
pears. 

M. De BufFon furmifes that the earth, as well as the 
other planets, arc parts ilruck off from the body of the 
fun by the collifion of comets; and that when the 
earth affumed its form, it was in a date of liquefaction 
by fire. But that could not be the method of pro¬ 
ducing the planets ; for if they were Uruck off from 
the body of the fun, they would move in orbits that 
would always pafs through the fun, indcad of having 
the fun for their focus, or centre, as they are now 


found; fo that having been ftruck off they would 
fall down into the fun again, terminating tlicir career 
as it were after one revolution only. 

Earth, in AJlront my, is one of the primary planets, 
according to the fylltm of Copernicus, or Pythagoras; 
its aUronoinical character or mark being © : but ac¬ 
cording to the Ptolomaic hypothefis, the earth is the 
centre of the fyfiem. For, whether the earth move or 
remain at red, that is, whether it be fixed in the cen¬ 
tre, having the fun, the heavens and dars moving round 
it from eaU to well; or, thefe being at red, whether 
the earth only moves from wed to ead, is the great ar¬ 
ticle that diilinguilhes the Ptolomaic fydem from the 
Coperniean. 

Alvtiunof the Earth. It is now univerfallyagreedthat, 
befides the fmall motion of the earth which caufes the 
preceflion of the equinoxes, the earth has two great and 
independent motions; viz, the one by which it turns 
round its own axis, in the fpace of 24 hours nearly, and 
can ling the continual fuccedion of day and night ; and 
the other an abfolute motion of its whole niafs in a 
large orbit about the fun, having that luminary for its 
centre, in fuch manner that its axis keeps always pa¬ 
rallel to itfclf, inclined in the fame angle to its path, 
and by that means cauiing the viciAlludes of l’eafons, 
fpring, fummer, autumn, winter. 

It is indeed true that, as to fenle, the earth appears 
to be fixed in the centre, with the Inn, dars and hea¬ 
vens moving round it every day ; and Inch doubtlcfs 
would be confidered as the true nature of the motions 
in the rude ages of mankind, as they arc dill by tiie 
rude and unlearned. But to a thinking and learned 
mind, the contrary w ill foon appear. 

Indeed there are traces of the knowledge of thefe 
motions in the tallied age of the lei..•aces. Cicero, in 
his Tufc. Quail, fays that Nicetas ot Syiaeule Aril dif- 
covcred that the earth had a diurnal moth.11, by which 
it revolved round its axis cveiy 24 hours ; and Plu¬ 
tarch, de I'Lieit. l'hiloloph. informs, that Phiioluus 
difeovertd its annual motion round the fun ; and Aiif- 
tavehus, about 100 years after Phiioluus, propofol the 
motion of the earth in itronger and dearer terms, as we 
are adored by A rchimedcs, in his A remit ins. And 
the fame, we are farther allured, was the opinion and 
doftrine of Pythagoras. 

But the nligious opinions of the heathen vvmld pre¬ 
vented this dot trine from being more culrivatid. For, 
Arillarchus being aeeufed of faerilege by Cleanthes 
for moving Vella and the tutelar deities of the uuivxrfe 
out of their places, the philofophers w ere obliged to 
didemble, and feem to rcliuquifh fo perilous a pofi- 
tion. 

Many ages afterwards, Nic. Cufanus revived the an¬ 
cient fyfiem, in his Doit, de Pignorunt. and aflerted 
the motion of the earth : but the dodtrine gained very 
little ground till the time of Copernicus, who fhevved 
its great life and advantages in altremomy ; and who 
had immediately all the philofophers and ititronomers 
on bis fide, who dared to differ from the crowd, and 
were not afraid of ecclcfiafiical cenfure, which was not 
lefs dangerous undtr the chriffian difpenfation, than it 
had been undtr that of ilie heathen. For, becaufe 
certain parts of feripture make mention of the itability 
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«f the earth, and of the motion of the fun, as the ri¬ 
ling and A tting, &c, the fathers of the church thought 
their religion required that they fhoukl defend, with all 
its power, what they conceived to be its do&rines, and 
to cenfure and punilh every attempt at innovation on 
fuch points. They have now however been pretty ge¬ 
nerally convinced that in fuch inllanccs the exprellions 
arc only to be confidered as accommodated to appear¬ 
ances, and the vulgar notions of things. 

By the diurnal rotation of the earth on its axis, 
the lame phenomena will take place as if it had no 
fuch motion, and as if the fun and liars moved round 
it. For, turning round from well to call, caul’es the 
fun and all the edible heavens to feem to move the 
contrary way, or from call to well, as we daily fee 
than do. $0, when in its rotation it has brought the 
fun or a flat to appear juil in the horizon in the call, 
they are then laid to he riling; and as the earth conti¬ 
nues to revolve more and more towards the call, other 
liars feem to rile and advance will wards, palling the 
meridian of the obferver, when they are due fouth 
from him, and at their greatell altitude above his ho¬ 
rizon ; alter which, by a continuance of the fame mo¬ 
tions, v'/, of the eat th’s rotation eailwards, and the 
lnminari'--> apparent counter motion weilwards, thefe 
decline fiom the meridian, or fimth point, towards the 
well, where being arrived, they are laid to fetand de¬ 
fend below it: and fo on continually from day to day 
thus make ng it day while the fun is above the horizon, 
ami night whilu lie is below it. 

While the earth is thus turning on its axis, it is at 
the fame tithe carried by its proper motion in its orbit 
round the fun, as one of the planet s, namely, between the 
orbits of Venus and Mars, having the orbits of Venus 
and Mctcury within its own, or between it and the fun, 
io the centre, ana tliofeof Mars, Jupiter, Saturn, &c, 
without or above it ; which are therefore called iuperior 
planets, and ihe others the inferior ones. This is called 
the annual motion of the earth, bevauft it is performed • 
in a year, or 565 days G hours nearly ; or rather 365 
days 5 11 49'”, In an any equinox or iolilice to the fame 
again, making the tropical year; but from any fixed 
liar to the fame again, as feen from the fun, in 365 
days 6 hours 9 min'd es, which is called the fidereal 

J rear. The figure of this orbit is elliptical, having the 
nn in one focus, the mean dillanee being about 95 mil¬ 
lions of miles, \vhi>.li is upon the fuppotition that the 
fun’s parallax is about or the angle under which 
the earth’s femi-Jiameter would appear to an obferver 
placed in the fun: and the eccentricity of the orbit, or 
diJlance of the fun, in the focus, from the centre of 
this elliptic orbit, is about y‘ e th of the mean dis¬ 
tance. 

Now this annual motion is performed in fucli a man¬ 
ner, that the eat th’s axis is every where parallel, or in 
the fame direction in every' part of the orbit; by which 
means it happens, that at one time of the year the fun 
enlightens more of the north polar parts, and at the 
oppofite fcafon of the year more of the fouthern 

{ •arts, thus Ihewing all the varieties of feafons, fpring, 
ummer, autumn and winter j which may be illuf- 
trated in the following manner : Let the candle I 
{fig. plate viii) represent the fun, about which the 


earth E, or F, See, is moved in its elliptical orbit 
ABCD, or ecliptic, and cutting the equator abed in 
the nodes E and G: then, fulpending the terrella by 
its north pole, and moving it, io fufpeuded, round the 
ecliptic, its axis will always be parallel to its firfl pofi- 
tfon, and the various feafons will be reprefented at the 
different parts of the path. Thus, when the earth is 
at 23 or F, the enlightened half of it includes the fouth 
pole, and leaves the north pole in darknefs, making our 
winter ; at G it is fpring, and the two poles are equally 
illuminated, and the days arc every whereof the fame 
length ; at Ii or it is our fuinmer, the north polar 
parts being in the illuminated hemifphere, and the 
fouthern in the dark one; lufliy at E it is autumn, the 
poles being equally illuminated again, and the days 
of equal length evtry where. 

Earth, its Quantity of Matter, Denfity, and Jlttrar- 
tive Power. Although the relative denfities of the 
earth and moil of the other planets have been known a 
coiifiderable time, it is but very lately that we have 
come to the knowledge of the ubfolute gravity orden- 
fity of the whole niafs of the earth. This 1 have cal¬ 
culated and deduced from the obfervations made by 
Dr. Maikclync, Ailrononnr Koval, at the mountain 
SchelialUen, in the years 1774, 5;, and 6. 'Hie at- 
tradion of that mountain on a plummet, being ob- 
ferved on both lldcs of it, and its tnafs being computed 
from a number of fedions in all directions, and confid¬ 
ing of ilone ; thefe data being then compared w ith 
the known attraction and magnitude of the earth, gave 
by proportion its mean denfity, which is to that of. 
water as 9 to 2, and to common ilone as 9 to 5 ; .front 
which very coiifiderable mean denfity, it may be pre- 
funicd that the internal, parts contain fome great quan¬ 
tities of metals. 

From the denfity, no.w found, its quantity of matter 
becomes known, being equal to the product of its 
denfity by its magnitude. From various experiments ■ 
too, we know that its attractive force, at the furface, 
is fuch, that bodies fall tlie-e through a fpacc. of 16 
feet in the firft kcond of time : from whence the force 
at any other place, either within or without it, becomes 
known ; for the force at any part within it, isdiiedlly 
as its diftanee from the centre; but the force of any - 
part without it, rtcipiocally as the fquarc of its dillanee 
front the centre. 

EAST, one of the cardinal points of the horizon, . 
or of the compafs, being the middle point of it be¬ 
tween nottli and fouth, on that fide where the fust 
rifes, or the point in which it is interfered on that tide 
by the prime vert ical. 

EASTER, a fealt of the church, held in memory of 
our Saviour's 1 chirred ion. This teal! lias been annually 
celebrated ever iinee the time of the apolllrs, ami is 
one of the moil conftdcrable feltivals in the ehriflhui 
calendar; being that which regulates and determines 
the times of all the othermoveable fealts. 

The rule for the -celebration of Eafter, fixed by the 
council of Nice, in the year 325, is, that it he held on 
tlte Sunday which falls upon, or tuxt after, the full 
moon which happens next after the 2ill of March ; 
that is, the Sunday which falls upon, or next after the 
firil full moon .gfter the vernal equinox. The rcafon of 
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winch decree tea*, that the chriftians might avoid cele- 
hrating their Eafter at the fame time with the Jewifh 
Palfover, which, according to the inflitfution of Mofes, 
was held the very'day of the full moon. 

Tofind East e r according 
to the Old ’, or Julian Style. 

In the annexed table, find 
the golden number, with 
the day of the pafchal full 
moon, and the Sunday let¬ 
ter annexed; comparethis 
letter with the dominical 
letter of the given year, that 
it may appear how many 
din s are to be added to the 
day of the pafchal full moon, 
to give Eatter-day. 

Fur ex. 1nthe year 1715, 
the dominical letter isl’i, and 
the golden number is (\, op- 
fite to which Hands April 
10 for the day of the paf¬ 
chal full moon ; oppofite to 
which is the Sunday letter 
B, which happening to be 
the fame with that of the 
year given, that day is 
a Sunday ; and therefore 
Ealter will fall 7 days after, 
viz, on the 17th of April. 

But in this computation, 
the vernal equinox is fup- 
pofed fixed to the 2til of 
Mareh ; and the cycle of 
19 years,'or golden num¬ 
bers, is fuppofed to point 
out the places of the new 
and full moons exactly; 
botli which fuppolitions are 
erroneous: fo that the Julian Ealter never happens at 
its due time, unlefs by accident. For jnilaucc, in the 
above example the vernal equinox falls on the 10th of 
Mareh, eleven days before the rule fuppofes it; and the 
pafchal full moon on the 7th of April, or 3 days earlier 
than was fuppofed : and therefore Ealler-day Humid be 
lichl on the 1 Cth of April, iullead of the 17th. 

This error had grown to fucli a height, that pope 
Gregory the 13th thought it nccilfaryto correct it; 
and accordingly, in the year 1582, by the advice of 
Aloylins Lilius and others, he ordered 10 days to be 
thrown out of Odlober, to bring the vernal equinox 
bad; again to the 2; ft of March; and hence arife the 
toms Gregorian calendar, Gregorian year, S:c. 

This rorredtion however did not entirely remove the 
error; for the equinoxes and folftices Hill anticipate 
28' 2c" in every ico Gugorian years;; but the dif¬ 
ference is fo inconiiderable as not to amount to a 
whole day, or 24 hours, in lefs than 5082 Gregorian 
years. 

The Gregorian, or New Style, was not introduced 
into England till the year 1752, when eleven days were 
thrown out, viz, between the 3d and 14th of September, 
the error amounting then to that quantity. 


To find Easter according 
to the New or Gregorian Style, 
till the year 1900 exclufive. 

Look for the golden num¬ 
ber of the year in the firft 
column of the table, againlt 
which Hands the day of the 
pafchal full moon; then look 
in the 3d column for the 
Sunday letter, next after the 
day of the full moon, and 
the day of the month ftand- 
ing againil that Sunday let¬ 
ter is Eaiter-day. When 
the full moon happens on a 
Sunday, then the next Sun¬ 
day after is Ealter-day. 

Fur Ex. For the year 
1790, the golden number 
is y ; againlt whicti Hands 
March the 30th, and the next 
Sunday letter, which is C, 
below that. Hands oppofite 
April 4, which is therefore 
the Ealtev day for the year 
1790. 

Though the Gregorian 
calendar be much prefera¬ 
ble to the Julian, it is yet 
not without ils ckfedb.. It 
cann; t, for inllance, keep 
the equinox fixed on the 
2 1 ll of March, hut it will 
foinetimes fall on the (9th, 
and fometimes on the 23d. 

Add, that the full moon happening on t Fie 20th of 
Mareh, might fometimes be pafchal; yet it is not al¬ 
lowed as fuch in the Gregorian computation ; as on the’ 
contrary, the full moon of the 221I of March may be 
allowed for pafchal, which it is not. Sealiger and Cal- 
viJius have alfo pointed out other inaccuracies in this ca¬ 
lendar. An excellent paper on this lubjedt by the earl 
of Macclesfield, may be feen in the Philof. Triad, vol. 
•40, pa. 417. 

Easti k Term. See Term. 

EAVES, the margin or lower edge of the roof of 
ahoufe, being the lowrft coui-fc of tiles, flutes, or the 
like, which hang over the walls to throw oil'the water 
to a dillnnce from the wall. 

Eavks -Board, or Ea'T s-f.ath, a thick feather- 
edged board, ufually naiicd round the eaves of a 
houfe for the lowcrmolt tiks, Hate, or fhingles, to reft 
upon. 

EBBING and Flowing of the Sea. Set Tides. 

KCCENT R 1 C. See Ex centric. 
ECCENTRICITY. See Excentricity. 

ECHO, or Eccho, a found reflected, or reverbe¬ 
rated from fome body, and thence returned or repeated 
to the ear. 

For an echo to be hoard, the ear mufl be in the line 
of reflection ; that the perfon who made the found, 
may hear the echo, ir is neceftary he fhould be iu u 
perpendicular to the place which rtfleSs it ; and for a < 
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multiple or tautological echo, it is neeeflary there be a 
number of walls and vaults, rocks, and cavities, either 
placed behind each other, or fronting 'each other. 
Thofe murmurs in the air, that are oceafioncd by the 
difeharge of great guns, &c, are a kind of indefinite 
echoes, and arc produced from the vaporous particles 
fufpended in the atmofphcre, which rdift tlie undula¬ 
tions of found, and reverberate them to the car. 

There can be no echo, unlefs the direft and reflex 
founds follow one another at a fufficient diftancc of 
time; for if the reflex found arrive at the ear before 
the impreflion of the direct found ceafes, the found will 
not be doubled, but only rendered more intenfe. Now 
it we allow that 9 or ro fyllables can be pronounced m 
a fecond, in order to preferve the founds articulate and 
diiliiict, there flioidd be about the gth pait of a fecond 
between the times of their appulfe to the car; or, as 
found flies about 1143 feet in a fecond, the faid differ¬ 
ence fliould be 4 of 1142* or 127 feet; and therefore 
every fyllablc will be reflected to the ear at the diftancc 
of about 70 feet from the reflecting body; but as, in 
the ordinary way of fpeaking, 3 or 4 fyllables only arc 
uttered in a fecond, the fpeakcr, tliat he may have the 
echo returned as foon as they are exprefled, fhould 
ilaud about 500 feet from the reflecting body; and fo 
in proportion for any other number of fyllables. Mer¬ 
ten uc allows for a monofvllable the diftancc of 69 feet; 
Morton, 90 feet; for a did) liable 105 feet, a trifyliable 
160 feet, a trtrafyllahle 182 feet, and a pentafyllable 
204 feet. Nat. Hift. Northampton, cap. 5, pa. 358. 

From what has been faid, it follows that echoes may 
be applied for mcafuriug inacceflihle diftances. Thus, 
Mr. Derham, (landing upon the banks of the Thames, 
oppofite to Woolwich, obferved that the echo of a 
Angle found was reflected hack from the houfes ill 3 fe- 
conds ; confeqncntly the fum of the diredl and reflex 
ravs mild have been 1142 x 3 =■ 3426 feet, and the half 
of it, 1713 feel, the breadth of Mie river in that place. 

It ylfo follows that the echoing body being removed 
farther off, it reflects more of the found than when 
nearer-; which is the rcafon why fornc eehoet; repeat 
but one fyllablc, or one word, and foinc many. Of 
tlu fe, fomc arc tonicnl, which only return a voice when 
modulated into foine particular mulieal tone; and 
others polvfyllabical. That fine echo in IVoodfturk 
park, Dr. Plot affurcs us, in the day-time will return 
very dillindtly 17 fyllables, and in the night 20. Nat. 
Hift. Oxf. cap. 1, pa. 7. 

Echoing bodies mnv he fo contrived, and placed, 
as that reflecting the found from one to the other, a 
multiple echo, or many echoes, fliall arife.—At Rof- 
ncath, near Gl.ifgow, in Scotland, there is an echo that 
repeats a tune played with a trumpet three times com¬ 
pletely and diilimftly.—At the fepulchre of Metella, 
wife of Craffus, there was an echo, which repeated 

what a man find five times-Authors mention a tower 

at Cyzicus, where the echo repeated feven times.'— 
There is an echo at Bruffels, that anfwers 15 times. 

One of the fim.ll echoes we read of, is that mentioned 
by Barthius, in his notes on Statius’s Thcbais, lib. 6, vcr. 
30, which repeated the words a man uttered 17 times. 
This was on the banks of the Naha, between Coblentz 
and Bingen. And whereas, in common echoes, the repe¬ 
tition is not heard till fomc time after hearing the words 
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fpoken, or the notes fung; in this, the perfon who 
(peaks, or fings, is fcarce heard at all; but the repe¬ 
tition very clearly, and always in furprifing varieties ; 
the echo feeming fometimes to approach nearer, and 
fometimes farther off; fometimes the voice is heard 
very drllindtly, and fometimes fcarce at all: one perfon 
hears only one voice, and another feveral; one hears 
the echo on the right, and the other on the left. See.' 

Addiion, and other travellers in Italy, mention an 
echo at Simnnctta palace, near Milan, ftill more extra¬ 
ordinary, returning the found of a piftol 56 times. 
The echo is heard behind the houfe, w hich has two 
wings ; the piftol is difeharged from a window in one 
of thHe wings, the found is returned from a dead wall 
in the other wing, and heard from a window in the 
back-front. See Addif. Travels, pa. 32 ; MifTon, 
Voyng. d'ltal. tom. 2, pa. 196; Phflof. Tranf. N° 480, 
pa. 220. 

Farther, a multiple echo may be made, by fo placing 
the echoing bodies, at unequal diftances, as that they 
may reflect all one way, and not one on the other ; by 
which means, a manifold fucceflive found will be heard; 
one clap of the hands like many ; one ha like a laugh¬ 
ter ; one iingle word like many of the fame tom and 
accent ; and fo one mufical inftrument like many of the 
fame kind, imitating each other. 

I.aflly, echoing bodies may be fo ordered, tliat from 
any one found given, they fliall produce many echoes, 
different both as to tone and intenfion. By which 
means a mufical room may be fo contrived, that not only 
one inftrument playing in it fliall feem many of the fame 
fort and fi/.e, but even a concert of different ones; this 
may be contrived by placing certain echoing bodies fo, 
as that any note played, (hall be returned by them in 
3ds, 51I1S, and Hths. 

Echo is alio ufed for tlie place where the repetition 
of the found is produced, or heard. This is either na¬ 
tural or artificial. 

In echoes, the place where the fpeakcr (lands, is 
called the centrum pbontcum ; and the object or place 
that returns the voice, the centrum phonocampticum. 

Ft ho, in Architecture, is applied to certain vaults 
and arches, moftly of elliptical or parabolical figures ; 
tiled to redouble founds, and produce artificial echoes. 
—The method of making them is taught by F. Blan- 
rani, in his Fchometrin, at the end of his book on the 
Sphere. 

Vitruvius tells us, that in divers parts of Greece and 
Italy there were brazen vcffcls, artfully ranged under 
the feats of the theatres, to render the found of the ac¬ 
tors’ voices more clear, and make a kind of echo ; by 
which means, every one of the prodigious multitude of 
perfons, prefent at thofe fpedtaclcs, might hear with 
cafe and pleafure. 

ECI.IPSAREON, an inftrument invented by Mr. 
Fergufon for (hewing the phenomena of eclipfes; as 
their time, quantity, duration, progrefs, fee. Fergu- 
fon’s Allron., or Philof. Tranf. vol. 48, pa. 520. 

ECLIPSE, a privation of the light of one of the 
luminaries, by the interpofition of foine opaque body', 
either between it and the eye, or between it and the 
fun. 

The ancients had terrible ideas of eclipfes; fuppofing 
them prefaces of foaic dreadful even.'. Plutarch affurcs 
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tu, tlint at Rome it was not allowed to talk publicly of 
any natural caufes of eclipfes; the popular opinion 
running fo ftrongly in favour of their fupernatural pro¬ 
duction, at leaft thofe of the moon ; for as to thole of 
the fun, they had fome idea that they were oaufed by 
the iuterpohtion of the moon between us and the fun ; 
but were at a lofs for a body to interpefe between us 
and the moon, which they thought mult be the way, if 
the eclipfes of the moon were produced by natuial 
caui'cs. They therefore made a great noife with brazen 
itdlriunents, and fet up loud fbouls, during eclipfes.of 
the moon; tliinking by that means to cafe her in la¬ 
bour : whence Juvenal, fpeaking of a talkative woman, 
fays, lhta lahoravti potent fieeurrere luti.r. Otte rs at¬ 
tributed the eclipfe of the moon to the arts of magi¬ 
cians, who, by their inehantments, plucked her out of 
heaven, and made her Ikiin over the grab. 

The natives of Mexico keep fait during telipfes ; 
and paiticularly their women, who beat and abide them- 
felves, drawing blood from their arms, fee ; imagining 
the moon has been wounded by the fun, in fome quar¬ 
rel between them. 

The Chinefe fancy that eclipfes are oecafioned by 
great dragons, who arc ready te> devour the lun and 
moon ; and therefore when they perceive au eclipse, 
they rattle drums and brafu kettles, till they think the 
mouiler, terrified by the noife, lets go his prey. 

The fuperllitimis notions entertained of eclipfes, were 
once of eonlidtTable advantage to Chriilopher Colum¬ 
bus, the difeoverer of America, who being driven on the 
illand of Jamaica in the year 1493, and dillrcffcd for 
want of provifions, was refufed relief by the natives ; 
but having threatened them with a plague, and fore¬ 
telling an*cclipfe as a token of it, which happened ac¬ 
cording to his prediction, the barbarians were fo tern- 
lied, that they drove who ftiould be the firit in bring¬ 
ing him fupplirs, throwing them at his feet, and im¬ 
ploring forgivenefs. 

I) unit ton of an Eo.ipsr, is the time of its continu¬ 
ance, or between the immerfion and cmcifion. 

Inviurfbti, or Incidence, of tin Eclipse, is the mo¬ 
ment when the eclipfe begins, or when part of the lun, 
moon, or planet liril begins to be ..blenrcd. 

Etncrfh.n, or Exfurgntiun, of rtti Eri ips.i , is the time 
v.lien the tebpfed luminary begins to rc-apptar, or 
emerge out of W>c fliadow. 

fjrant'uy tf an Eclipse, is the part of the himmarv 
eclipsed. To determine ti c quantity cehpfed, it is 
meal Ut divide the diameter of the luminary into 12 
equal parts, called digits ; whence the eel .pie is faid to 
be of 1 o many dibits according to the number of them 
contained in that part of the diameter which is eel ip fed 
or ob feu red. 

Eclipfes are divided, with refpeft to the luminary 
ecd ip fed, into Eclipfes of the fun, of /}.>• moon, and of the 
fatellitcs ; and with rcipc.it to the circumfiances, into 
total, partial, annular, it rural, fee. 

. Annular Eclipse, is when the whole is ec’ipfed, ex¬ 
cept a ring, or annulus, which appears round tnc border 
or edge. 

Central Eclipse, is one in which the centres of the 
two luminaries anid the earth come into the fame 
fbraight line. 


Partial Eclipse, is when only a part of the lumi¬ 
nary is edipfed. And a 

Total Ec lipse, is that in which the whole luminary 
is darkened. 

Eclipse of the Moon, is a privation of the light of 
the moon, oecafioned by an intei pofition of the body 
of the earth diredlly between the fun and moon, and lo 
in’creep.ting the fun’s rays that they cannot arrive at 
the moon, to illuminate htr. Or, the ohfcuralioti of 
the moon may he conliden d ns a fedtion of the earth’s 
conical fliadow, by the moon palling through fome part 
of it. 

The manner of this eclipfe is reprefenud in this fi¬ 
gure, where S is the fun, li the earth, and M or M the 
moon. 



Linar Eclipfes or.lv happen at the time of full 
moon ; beeaule it is only then the earth is between the 
fun aiul moon : nor do they happen every full moon, 
bee 1 ole of the obliquity of the melon’s path with rcfpvv t 
to the fun’s; but only in Inch full moons as happen 
cither at the interfedtion of llioiV two pa.Ls, called the. 
moon’s nodes, or very near them ; viz, when the moem’.. 
latitude, or diilaticc between the centres of the c.uth 
and moon, is lefs than the lum of the apparent femi- 
diameters of the moon and the earth’s llutdow. 

The chief Clrcintillanccsjn Lunar Eclijfts, arc the fid- 
lowing:—1. All lunar Eclipfes are univerhil. orviC.de 
in all parts of the earth which have the moon above 
their horizon ; and are every where of the fame magni¬ 
tude, with the fame* beginning and cud.-—In ail lu¬ 
nar eclipfes, the e.iliern fide is wlnt firil m,merges and 
emerges again, i. e. the left-hand tide of the moon as 
we look tu\vnids lur, from tin* noith ; for trie proper 
motion of the moon being fw diet tluiri that of the 
earth’s fliadow, tiie moon app’-iaclus il from the welt, 
cm 1 lakts and paflcs through it with the moon’s cad 
fide forcinofl, leaving the fhadow behind, or to the 
weilwau!..—3. Total eclipfe.!!, and thofe of the IimgetL 
duration, happen in the very nodes of the ecliptic; be¬ 
en lie the faction ol the earth’s llutdow, then falling on 
the moor, eonfidernhly larger than her (file. There 
may hov. .virlic total ctlipics within a finall ddlauee 
of the nodes ; but then duration is the lefs as they are 
farther from it ; till they become only partial ones, and 
at iait, none at all..—4. The inoon, even in the tiiitldJ 
of an eclipfe, lias ufually a faint appearance of light, tv- 
fembling tarnifhed copper; which Gaflendus, Kicciolus, 
Kepler, See, attribute to the light of the lun, refracted 
by' the earth’s atinofphcre, and fo tninfinitted thither. 
—Laltly, (he grows fcniibly paler and dimmer, before 
entering into the real Ihadow ; owing to a penumbra 
which furrounds that fliadow to fome dillance. 

Ajlromr.ry of Lunar Eclipses, or the nut hod of ealcu- 
h-ing their times,places, magnitudes, and other phi riorum 1. 

The 
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The ill preliminary is to find the length of the earth’s 
Conical fhadow. This may he found either from the 
diftance between the earth and fun, and the proportion 
of thtir diameters, or from the angle of the fun’s appa¬ 
rent magnitude at the time. Thu.;, fnppofc the femi- 
axis of the earth’s orbit 97,000000 miles, and the ec¬ 
centricity of the orbit 1,377000 miles, making the 
gieatdl diftance 96,377000 miles, nr 24194 femidiamo- 
t'.rs of the earth ; and the fun’s femidiameter bring to 
the earth’s, as 112 to I ; th.11 us Al) : I Mi : : l 315 : 
EC, that is, 11 1 ; 1 : : 24194; 21H femidiameters of 
liie earth = liC the length of the earth’s (h.idow. 
Oihrrwife, fuppofc the angle A IIS, or the fun’s appa¬ 
rent femiiiidinetei* be 15' 76", and tlie angle BAIi, or 
the fun’s paralhix 8*6", then it their diffttence, or the 
angle ACM 15' 47‘4"; hence, as tang, 15' 47*4" : 
r.u!i;:s : ; M*K or 1 : 2 1S nearly CM, tlie fame dif- 
t,vnci a:, before. Hence, as tlie moon's lead diilai.ee 
from the earth i. iearce 56 icinidiameters, and the 
greated not more than 64, the moon, when in oppofl- 
tion to the fun, in or near the nodes, will fall into the 
e arth’s ihadoer, and will be eclipkd, as; tlie length of the 
fhadow is abnod 4 times the moon’s didance. 

2. To the nff.rmt fen.idi.im. tir of the earth't 

/?•.>•;Vre, in the pl.ur where the moon pafl’cs through it, 
at any given time. Add together the fun and moon’s 
parallaxes, and from the turn fuhtracl the apparent fe- 
i"idiameter of the fun; fo flia.ll the remainder be the 

r „.„.nt fomi.’.k.mi:c ot the fhadow a* the place of the 
nui.i i’s ) ffage. IV:' is. l'.i St h if April 1790, at 
midnigiu ; he rnuor.'s parallax is 61'9", to which add 
S’'", 01 t/', for th. tan’s pjirlla*., in m the fum 
61 * t S ' akt tC T' . the tuus^appaiei.t ieuudiamctcr, 
and the ; tn,.!...' ■ 2 :i" i- the k mabameter of the 
flr.nlow . the place wiu-'e the imvui paflbii through 
at that time. \'. In S :rv omit the fit;.’; parallax, 
a. of no eoi/equrivc ; ftsit incrcafc the apparent fc- 
iridi imettr of the fludow b\ one whale minute, for 
TTic lbadow o' the rtininpl.ere ; which Mould give 
the fiaii;’iameter ot the fnudow, ia ih; calc above, 
46' : .V'- 

3. There rind alio be bad, the tine .liibmee of the 
rtmoii from the node, at tin- mean eppi lition ; r.llo the 
true time of the opp< •lition, with the true 1 Mce of the 
fun and moon, reduced to t!;e ceiiptie ; likewife the 
moon’s true lat it ink at the time of the t< ue oppolition ; 
the angle of the :n ion’s way with the iciij tie, and the 
tine horary motions ol the fun and moo i : from which 
all the eirciimdaiices of In r ecliple may be computed 
by common urithmetie and trigonometry. 

To CutfruH an Eclipse of the Menu. 

I.et MW be a part of the ecliptic, and (’ the centre 
of the earth’s fhadow. through which draw perpendicu¬ 
lar to 1‘IW, the line CN towards the north, if the moon 
have north latitude at the time of the eelipfc, or CS 
foi.thward, if (he have fouth latitude. Make the angle 
NC1> ecjiK‘1 to the angle of the moon’s wav with the 
ecliptic, which may be always taken at 5" 3 7', on an 
average, without any fentible error; and bile ft this 
angle by the light line CM ; in whieh line it is that the 
lrw equal time of oppoiitioli of the iuu aud moon fall;;, 
41, given by the tables. 



From a convenient fcale of equal parts, feprefertiug 
minutes of a degree, take the moon’s latitude at the 
tine time of full moon, and fel it from C to G, on the 
line CM ; and thmugh the point («, at right-angles ta 
Cl), draw the right line HKGI.I for the path of tlur 
moon’s centre. Then is I. the point in the carth’j 
fhadow, where the moon’s centre is at the middle of 
the ecliple; G the point where her centre is at the 
tabular time of her being full ; and K the point where 
her centre is at the iullanl of bet ecliptic oppoittion j 
ullb I the moon’s centre at the moment of immeriion, 
and H her centre at the end of the eelipfc. 

With the moon’s femidiameter as a radius, and the 
points I, 1., H, as centres, deferihe circles for the 
moon at the beginning, middle, and end of the eelipfc. 

Finally, the length of the line of path IH, meafured 
on the fame fcale, will ferve to determine the duration 
of the eelipfc, vi/., by faying. As the moon’s horary mo¬ 
tion from the fun is to IH : : 1 hour or 60 min. to the 
whole duration of the eelipfc. 

To Compute a Lunar Eci.ipsf. This will be very 
cafy from the foiegoing continuation. For, ill, in the 
triangle CGI., right-angled at L, there are given the 
hypothenufe CG = the moon’s latitude at the time of 
full moon, and the angle GCL m the half of 5 0 37'; 
to find the legs Cl. and EG.—2d, In the right-angled 
triangle CHI, or C’TL, arc given the leg Cl., and CH 
or Cl, the Aim of the femidiameters of the moon and 
the earth’s fliadow ; to find l.H or 1 , 1 , half the dif¬ 
ference of tlie fun’s ami moon’s motions during the 
time of the eelipfc.— 3d, As the cliff ■r-ncc of tlie ho¬ 
rary motions of the luminaries k to one hour, or 60 
min. : : HI. to the femiduratfon of the ceh’pfe, and 
:: GI. to the difference lietwoen the oppoiitiou an! 
middle of the eelipfc ; fliis hill therefo’v taken from 
the time of full moon, gixe,-. the time of tlie middle of 
the eelipfc: from which fuhtraffing the time in 1,1, 
or femidiieatiou bcfoic found, gives the hegiinun t oi 
the ecliple ; or add the fame, and it g:\is t!;e 1 ml of 
it.—l.ailly, from CO the femidiameter of tlie fliadow, 
take CE, leaves 1 . 0 ; to which add 1 . 1 ’, the moon’s 
fcmidirmctcr, when neecifniv, givm OJ 1 the quantity 
eclipfcd. 

Note, When the moon’s uiibmce from the node ex¬ 
ceeds 12°, there can be no eelipfc of the moon ; or, 
more accurately, the limit k from ro] and IZ-'-t de¬ 
grees, according to the diibmivs of the fun, ejith, and 
moor.. 

Eclipse of tie Sun, is an oecultatiou of the fun’s 
] G z _ body, 
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l>ody, occasioned by an interpofition of the moon be- 
tween the earth and fun. On which account it is by 
fomc corifidered as an eclipfe of the earth, fincc the 
light of the fun is hid from the earth by the moon, 
wnofe lhadow involves a part of the earth. 

The manner of a folar eclipfe- is reprefented in this 
sfigurc; where hi is the fun, m the moon, and CD the 



tarth, rmso the moon’s conical Shadow', travelling over 
a part of the eatth CoD, ami making a completeeelipie 
to all the inhabitants refilling in that track, but no 
where elfe ; excepting that for a large fpacc around 
it there is a fainter Shade, included within all the Space 
which is called the Penumbm. 

Hence, Solar Eclipfes happen when the moon is in 
conjunction with the fun, or at the new moon, and 
«lfo in the nodes or near them, the limit being about 
17 degrees on each fide of it; and fuch eclipfes only 
happen when the latitude of the moon, \kwui from 
the earth, is lefs than the fum of the apparent femidiume- 
ters of the fun and moon; beeaufc the moon’s way 
•is oblique to the ecliptic, -or fun’s path, making an 
angle of nearly 5 0 3 5 1 with it. 

In the nodes, when the moon has no vifible latifudc, 
the occultation is total; and with fume continuance, 
when the dife of the moon in perigee appears greater 
than that of tire fun in apogee, and its lhadow is ex¬ 
tended beyond the furface of the earth ; and without 
continuance at moderate distances when the cuip, or 
point of the moon’s Shadow, barely touches the eaitb. 
Daftly, out of the nodes, but near them, the eclipfes 
arc partial. 

The other circumflances of folar eclipfes arc, 1. 
That none of them are uuiverfal; that is. none of them 
are fecn throughout the whole hemisphere which the 
fan is then above; the moon’s dife being much too 
little, and much too near the earth, to hide the fun 
from the whole dife of the earth. Commonly the 
moon’s dark lhadow covers only a fpot on the earth’s 
furface, about 180 miles broad when the fun’s distance 
is greateft, and the moon’s leaft. But her partial Shadow, 
or penumbra, may then cover a circular fpacc of 4900 
miles in diameter, within which the fun is more or lefs 
cclipfed, as the places are nearer to or Farther from the 
centre of the penumbra. In this cafe the axis of the 
/hade paiTes through the centre of the earth, or the 
new moon happens cxa&Iy in the node, and then it 
is •evident that the feftion of the Shadow 16 circu¬ 
lar ; but in every other cafe the conical Shadow is cut 
•■obliquely by the furface of the earth, and the fe&ion 
•will be an oval, and very nearly a true ellipfig. 

Z. .Nor does the Eclipfe appear the fame in all parts 
ft 


of the earth, where it is feen; but when tn one place 
it is total, in another it is only partial. Farther, when 
the moon appears much lefs than the fun, as is chiefly 
the cafe when She is in apogee and he in perigee, the 
vertex of the lunar Shadow is then too Short to reach 
the earth, and though She be in a central conjunction 
with the fun, is yet not large enough to cover his 
'whole dife, but lets his limb appear like a lucid ring 
or biaeelet, and lb caufes an slnnular Eclipfe. 

3. t\ Solar Eclipfe docs not happen at the fame 
time, iu all places where it is feen ; but appears more 
early to the wellern parts, and later to the caftirn; 
as the motion of the moon, and confequcntly of 
her lhadow, is from weft to eaSt. 

4. In molt Solar Eclipfes the moon’s dife is covered 
with a faint light; which is attributed to the reflexion 
of the light from the illuminated part of the earth. 

1. u'tly, in total Eclipfes of the fun, the moon’s limb 
is feen Surrounded by a pale circle of light; which 
fomc nilronomers consider as ;tn indication of a lunar 
atmofphue ; but others as the atmofphere of the fun, 
becaufe it has been obfened to move equally with th; 
fun, and not with the moon ; and bolides, it is generally 
bilieved that the inoon is without any atmofphere, 
uulcfs it be one that is very fnmll, and very rare. 

To determine the Bounds tf a S./ar Eci’t'i'-. 

Tf the moon’s parallax were infenfiblc, the bounds 
of a folar eclipfe would be determined after the fame 
manner as thofe of a lunar ; but becaufe here is a fcnli- 
blc parallax, the method is a little altered, vi/. 

x. Add together the apparent femidiamelers of the 
luminaries) both in apogee and perigee ; which gives 
33' (s' for the greateft lum of them, and 30'31" for 
the leaft fum. 

2. Since the parallax diminishes the northern latitude, 
and augments the Southern, therefore let the greatell 
parallax in latitude be added to the former fums, and 
alfo fubtra&cd from them; Thus in each cafe there 
will be had the true latitude, beyond which there can 
lie no eclipfe. This latitude being given, the moon’s 
difiance from the nodes, beyond which eclipfes cannot 
happen, is found as for a lunar eclipfe. This limit 
is nearly between i6§ and 18 j degrees dillancc from the 
nodes. 

To find the Digits cclipfed. Add the apparent femi- 
diameters of the luminaries into one fum ; from which 
fubtraCl the moon’s apparent latitude; the remainder 
is the fcruplos, or parts of the diameter cclipfed. Then 
fay. As the femidiameter of the fun is to the fcruples 
cclipfed ; fo are 6 digits reduced into fcruples, viz 360 
fcruples or minutes, to the digits &c cclipfed. 

To determine the Duration of a Solar Eclipse. I’iiul 
the horary motion of the moon from the fun, for one 
hour before the conjunction, and another hour after: 
then fay. As the former horary motion is to the feconds 
in an hour, fo are the fcruples of half duration (found 
as in a lunar eclipfe) to the time of immerfion ; and 
as the latter horary motion is to the fame feconds, fo 
are the fame fcruples of half duration to the time of 
emerfion. Daftly, adding the times of immerfion and 
emerfion together, the aggregate is the total dura¬ 
tion. 

The moon’e apparent diameter when largeft, ex. 

cceda 
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eeeds the fun’s when lead, only 2' of a degree; and at 
the greateft folar cclipfe that can happen at any time 
and place, the total darknefs cannot continue any longer 
than whilft the moon ia moving through this 2' from 
the fun in her orbit, which is about 4 minutes of time: 
for the motion of the ftiadow on the earth’s dife is 
equal to the moon’s motion from the fun, which on 
account of the earth's rotation on its axis towardu the 
fame way, or eaftward, is about 30 J, minutes of a de¬ 
gree every hour, at a mean rate; but fo much of the 
moon’s orbit is equal to 304 degrees of a great circle 
on the earth, becaufe the circumference of the moon’s 
orbit is about 60 times that of the earth ; and there¬ 
fore the moon’s fhadow goes 30^ degrees, or 1830 
geographical miles in an hour, or 30^ miles in a minute. 

‘To determine the Beginning, Middle, and End, of a 
Solar Eclipfe. From the moon’s latitude, for the time 
of conjunction, find the arch GL, (laft fig. but one), 
or the diflancc of the greatest obfeurity. Then fay, 
S3 the horary motion of the moon from the fun, be¬ 
fore the conjunction, is to 1 hour; fo is the diitance 
of the greatclt darknefs, to the interval of time between 
the greateil darknefs and the conjunction. SubtraCt 
this interval, in the ill and 3d quarter of the anomaly, 
from the time of the conjunction; and in the other 
quartess, add it to the fame; the refult is the time of 
tiie great eft darknefs. Laftly, from the time of the great- 
ell darknefs fubtraCl the time of incidence, and add it 
to the time of emcriion ; the difference in the firit cafe 
will be the beginning ; and the fum, in the latter cafe, 
the end of the cclipfe. 

To Calculate Eclipses of the Sun. Firft, find the 
mean new moon, and thence the true one; with the 
place of the luminaries for the apparent lime of the 
true one.—2. For the apparent time of the true new 
moon, compute the apparent time of the.new moon ob¬ 
served.—3. For the apparent time of the new moon 
fecn, compute the latitude feen.—4. Thence determine 
the digits eclipfed.—5. Find the times of the greateft 
darknefs, immerfion, and cmerfion.—6. Thence deter¬ 
mine the beginning, and ending of the cclipfe. 

From the foregoing problems, it is evident that all 
the trouble and fatigue of the calculus arifes from the 
parallaxes of longitude and latitude, without which, the 
calculation of folar cclipfes would be the fame with that 
of lunar ones. 

See the ConftruCtion and Calculation of Eclipfes by 
Flamfteed in Sir Jonas Moor’s Syilem of Mathematics, 
and in Fergufon’s Aftronomy, &c. 

In the Fliilof. Tranf. N° 461 is a contrivance to 
reprefent folar eclipfes, by means of the terreftrial 
globe, by M. Seguer, profeffor of Mathematics at 
Gottingen. And Mr. Fergufon has fitted a terreftrial 
globe, fo as to fliew the time, quantity, duration, and 
progrefs of folar eclipfes, at any place of the earth where 
they are vifiblc; which he calls the Eclipfareon. Fie has 
alfo given a large catalogue of ancient and modern 
iclipfes, including thofe recorded in hiftoiy, from 721 
years before Cbrift, to A. D. 1485; alfo computed 
.cclipfes from 1485 to 17010, and all the eclipfes vifiblc 
in Europe from 1700 to 1800. See his Aftron. 

The Number of Eclipses, of both luminaries, in any 
year, cannot belefs than two, nor more than feven ; the 
moft ufual number is 4 , and it is rare to have more 


- than 6. The reafon is obvious 5 becaufe the fun palTes by 
both the nodes but once in a year, unlcfs he pafs by 
one of them in the beginning of the year; in which cale 
he will pafs by the fame again a little before the end 
of the year; becaufe the nodes move backwards 191- 
degrees every year, and therefore the fun will come to 
either of them 173 days after the other. And if either 
node be within 17 0 of the fun at the time of new moon, 
the fun will be eclipfed; and at the fubfequent oppo- 
fition, the moon will be eclipfed in the other node, and 
come round to the next conjunction before the former 
node be 17° beyond the fun, and eclipfe him again. 
When three eclipfes happen about either node, the like 
number commonly happens about the oppofite one s 
as the fun comes to it in 173 days afterward, and 6 
lunations contain only 4 days more. Thus there may 
be two eclipfes of the fun, and one of the moon, about 
each of the nodes. But v hen the inoon changes in 
either of the nodes, {he cannot be near enough the other 
node at the next full, to be eclipfed ; and in 6 lunar 
months afterward (he will change near the other node ; 
in which cale there cannot be more than two eclipfes 
in a year, both of the fun. 

Period of Eclipses, is the period of time in which 
the fame cclipfes return again ; and as the nodes move 
backwards 19^ degrees every year, they would ftiift. 
through every point of the ecliptic in 18 years and 
225 days ; and this would be the regular period of their 
return, if any complete number of lunations were fmifli- 
cd without a fraction ; but this is not the cafe. How¬ 
ever, in 223 mean lunations, after the fun, moon, and 
nodes have been once in a line of conjunction, they' re¬ 
turn fo nearly to the fame flate again, as that the fame 
node which was in conjunction with the fun and moon at 
the beginning of the firft of tliele lunations, will he with¬ 
in 28' 12'' of the line of conjunction w ith the fun ami 
moon again, when the laft of thefc lunations is complet¬ 
ed ; and in this period there will be a regular return of 
eclipfes for many ages. To the mean time of any fo¬ 
lar or lunar cclipfe, by adding this period, or 18 Julian 

J ’ears 11 days 7 hours 43 minutes 20 fcconds, when the, 
aft day of February in leap years is 4 times included, 
or a day lefs when it occurs 5 times, we {hall have the 
mean time of the return of the fame eclipfe. In an in¬ 
terval of 68yo mean lunations, containing 557 years 21 
days 18 hours 30 minutes 11 fcconds, the fun and 
node meet fo nearly, as to be dillant only 11 fcconds. 

The Ufe of Eclipses. In Aftronomy, eclipfes of 
the moon determine tire fpberical figure of the earth ; 
they alfo {hew that the fun is larger than the earth, and 
the earth than the moon. Eclipfes alfo, that are fimilar 
in aH circumftances, and that happen at confiderable 
intervals of time, ferve to afeertain the period of the 
moon’s motion. In Geography, eclipfes dilcover the 
longitude of different places ; for which purpofc thofe 
of the moon arc the more ufeful, becaufe they are more 
often viiible, and the fame lunar eclipfe is of equal mag¬ 
nitude and duration at all places where it is feen. lu 
Chronology, both folar and lunar cclipfes ferve to de¬ 
termine exactly the time of any pull event. 

Eclipses of the Satellites, bee Satellites of Ju¬ 
piter. 

The chief circumftances here obferved, are, 1. That 
the fatdlites of Jupiter undergo two or three kinds of 
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eclipfes $ the firfl of which are proper, being fuch a3 
happen when Jupiter’s body is diredtly interpofed be¬ 
tween them and the fun : and thefe happen aim oil 
every day. Vaiious authors have given tables for com¬ 
puting eclipfes of the fatellites of Jupiter; as Flamfteed, 
Caffini, &c, but the lateil and bell of all, arc thofe of 
profeifor W argent in of Upfal. 

The fecond fort arc oecultations. rather than obferva- 
tions ; w hen tlie fatellites, coming too near the body of 
Jupiter, are loft in ills light ; which Uiccioji calls ocri- 
dere vetiftacc, fating jovially. In which cafe, the nearell 
or iiril lateliite exhibits a third kind of echpi'e ; being 
obferved like a round macula, or dark fpot, traniiting 
the diic of Jupiter, with a motion contrary to that of 
the fulcllile ; like as the moon’s ihadow projected on 
the earth, will appear to do, to the lunar inhabitants. 

The eclipfes of Jupiter’s fatellites furnilh very good 
means of finding the longitude at fea. Thofe etpecialiy 
of the firll fatellite are much hirer than the eelipics of 
the moon, and they alfo happen much uftener : the 
manner of applying them is alio very eaiy. See Ton Gi¬ 
ro IlK. 


ECLIPTIC, in Ailronomy, a great circle of the 
fphere conceived to pafs through the middle of the zo¬ 
diac. It is fometimes called the via fats, or fur's ,>at !-, 
being the track which he appears to deferibc among the 
fixed liars ; though more properly it is the apparent 
path of the earth, as viewed from the fun, and thence 
called the heliocentric circle of the earth. It is called the 
ecliptic, bccaufe all the eclipfes of the fun or moon hap¬ 
pen when the moon erodes it, or is neatly in one of 
thofe two parts of her orbit where it erodes the ecliptic, 
which points are called the moon’s nodes. 

Upon the ecliptic are marked and counted the 12 ce- 
leilial figns, Aries, Taurus, Gemini, See ; and upon it 
is counted the longitude of the planets and liars. It is 
placed obliquely with refpect to t lie equator, which it cuts 
in two oppofite points, viz, the beginning of Aries and 
Libra, which arc directly oppofite to each other, and 
called the equinoxes, making the one half of the eclip¬ 
tic to the north, anil the other half on the iotitli tide of 
the equator ; the two extreme points of if, to the north 
and fouth, which are oppolite to each other, and at a 
quadrant diilance from the equinoctial points both 
ways, are called the hillliccs, or folllitial points, or alfo 
the two tropics, which are at the beginning of Cancer 
and Capricorn, arid which are at the fartheft diilance 
of any points of it from the equator, which diilance is 
the rocafurc of the fun’s gvealelt di duration, whii h is 
the fame with the obliquity of the ecliptic, 01 the angle 
it makes with the equator. 

"This obliquity of the ecliptic is not permanent, but is 
continually diminifliing, by the ecliptic approaching 
nearer and nearer to a parallelifm with the equator, at 
the rate of half a l'ceond in a year nearly, or from fa' 
to 55* in too years, ns is deductd from a.utYnt and mo¬ 
dern obfervations compared together; and ns the mean 
obliquity of the elliptic was 23 0 28' about the end of 
the year 1788, or beginning of 1789, by adding half 
a fecond for tacli preceding year, or iulitradting the 
fame for each following year, the mean obliquity will 
be found nearly for any year either bciovc 01 liner that 
period. The quantity however of this change is va- 
tioufly dated by different auihoil, from 50" to Co' 1 or 


70" for each century or roo yearn. Hipparchus, »t* 
moll two thoufand years finer, obferved the obliquity of‘ 
the ecliptic, and found it about 23 0 51'; and all fuc- 
cccding ailronomers, to the prefent time, having ob- 
ferved the fame, have found it always lefs and lefs; 
being now rather under 23 0 28' ; a difference of about 
2y in 1950 years; which gives a medium of 70" in 
100 years. There is great rcafon however to think 
that the diminution is variable. 

This diminution of the obliquity of the ecliptic to 
the equator, according to Mr. Long and fome others, 
is chiefly owing to the unequal aitradlion of the fun 
and moon on the protuberant matter about the earth’s 
equator. For if it be confidcrcd, fay they, that the 
earth is not a perfect fphcrc, but an dilate fpheroid, 
l’-n\ mg its axis fhorter than its equatorial diameter ; and 
that the iun and moon are conltaruly acting obliquely 
upon tiie greater quantity of matter about the equator, 
drawing it, as it were, towards a nearer and nearer coin¬ 
cidence with the ecliptic; it will not appear lirange 
that thele actions fhould gradually diniinilh the angle 
between the planes of thole two circles. Nor is it lets 
probable that the mutual attractions of all the planets 
fhould have a tendency to bring their orbits to a coin¬ 
cidence : though this change is too finall to become 
fallible in many ages. 

It is now however well known that this change in 
the obliquity of the ecliptic, is wholly owing to the 
actions v>i the planets upon the earth, and cipcciully 
the planets Yams and Jupiter, but chiefly the former, 
bee La Grange’s excellent paper upon this lubjcCt in 
the Memoiis of the French Academy for 1774; Caf- 
fmi's in 1778; and La Lai.dc's Aitron. vol. 3, art. 
2" 37. According to La Grange, who proceeds upon 
theory, the annual change cf obliquity is variable, and 
has it s limits : about 2000 years ago, lie thinks it was 
alter the rate of about 38 in too years ; that it is 
now, and will he for 200 years to come, 51 '>'> per centu¬ 
ry ; but 2000 years lienee, 41/' per century. According 
to Cailini, who computer from obfervations of the ob¬ 
liquity between the years 1739 and 1778, the annual 
change at prefent is do 1 ' or 1’ in too years. Hut ac¬ 
cording to La Landc, the diminution is at the rate of 
8 S" per century ; while Dr. Malkclync makes it only 
50^ in the fame time. 

IJeiide the regular diminution of the obliquity of 
the ecliptic, at the rate of m ar 50 feconds in a century, 
or half a fccot-d a year, which miles from a change of 
the ecliptic itlilt, it is fulijctt to two periodica! inequali¬ 
ties, the one produced by the unequal force of the fun 
in eaufir.g the nrcceflion of the equinoxes, and the other 
depending on the nutation of the earth's axi 1. bee the 
Explanation and Ufe of Dr. Mafkelync’s Tables ami 
Oblervations, pa. vi, where we are Ihewn how to cal¬ 
culate lliof'e inequalities, and where he fhews that, from 
his own obfervations, the mean obliquity cf the ecliptic 
to the beginning of the year 1769, was 23 0 28 y *7. 

7 0 fan/ the Obliquity of the EeUptie, or the greatert: 
declination of the lun : about the time of the fummer 
fblfticc obferve very carefully the fun’s zenit h diilance 
for f,veral days together ; then the difference between 
this diilance and the latitude of the place, will be the 
obliquity fought, when the fun and equator are both 
ob one fide of the place of oblcrvation j but their fum t 

Will 
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will be the bbliquity when they are on different fides 
of it. Or, it may be found by obferving the meridian 
altitude, or zenith diftancc, of the fun’s centre, on the 
days of the fummer and winter folftice 5 then the dif¬ 
ference of the two will be the di(lance between the 
tropics, the half of which will be the obliquity fought. 

By the fame method too, the declination of the fun 
from the equator for any other day may be found; 
and thus a table of his declination for every day in 
the year might be conffrudtid. Thusalfo the declina¬ 
tion of the liars might be found. 


Authors’ Name* 


Pytheas - 

Eratoilhencs and Hipparchus 

Ptolomy - 

Aimahmon 
Albalegnius 
Thcbat 

Abul Wafi and Ilamrd 

Perfian Tables in Chryfococca 

Albatrunius 

Ar/achrl 

Ahnztoii - 

Clioja Nadir Oddin 

I’rophatius the Jew 

Elm Shattir 

Purbach ami Regiomontanus 
Ulugh Bcigh 
Walt her 

Do. corrc&cd by rcfratliou &c 
W erner 
Copernicus 
Egnatio Danti 
Prince of Hello 
i Rothmann and Byrgc 
Tycho Brahe 
Ditto corrected 
Wright - 
Kepler - 

Da lie ml us 
Riceiolus 
Ditto cor re died 
riicvt lius 
Ditto corrected 
CalT.iii 

Montons, corrected, &c 
Richer corrected 
i)c la 1 lire 
Ditto corrected 
Flamltced - 
Bianchini 
Rocmer 
Louvillc 

Godin - » * 

Bradley 

Mayer • - 

Maikclyne 

Horn (by _» 
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23 
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8 
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23 

28 
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23 
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24 
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23 
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23 
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28 
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28 

25 
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23 

28 
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23 

28 

24 
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23 

28 

20 

1750 

23 

28 

18 

1756 

23 

28 

16 

1769 

23 

28 
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1 e- - V 
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■» -> 

28 
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The obfervations of aftronomers of all ages, on the 
obliquity of the ecliptic, have been collected together} 
and although fume of them may not be quite accurate, 
yet they fufficiently (hew the gradual and continual dc- 
crcafe of the obliquity from the times Tif the carlied 
obfervations down to the prefent time. The chief of 
thofc obfervations may be feen in the foregoing table; 
where the iirlt column contains the mime of the ob- 
ferver, or author, the 2d the year before or after Chrilt, 
and the 3d the obliquity of the ecliptic fir that time. 

See Ptolom. Aim. lib. t, cap. 10; lliccioli Aim. 
vol. 1, lib. 3, cap. 27 ; Flamltced Proleg. Hid. Ccel. 
vol. 3 5 Philof. Tranf. number 163 ; ib. vol. 63, pt. 1; 
Long’s Allron. vol. 1, cap. 1 6 ; Memoirs of the 
Acad. an. 1716,1734, 1762, 1767, 1774, 1778; Adta 
Eruil. Lipfix 17*9; Naut. Aim. 1779; Mafkclyiic’s 
Obfcrv. Explan.pa. vi; &e. 

According to an ancient tradition of the Egyptians, 
mentioned by Herodotus, the ecliptic had formerly been 
perpendicular to the equator : they were ltd into this 
notion by obferving, for a long ferics of years, that tbit 
obliquity was continually diminilhitig ; or, which 
amounts to the fame thing, that the ecliptic was con¬ 
tinually approaching to the equator. From thence they 
took oecaiion to futpeft that thofe two circles, in the 
beginning, had been as far off each other as pollible, 
that is, perpendicular to each other. Diodorus Siculus 
relates, that the Chaldeans reckoned 403,000 years from 
their fird obfervations to the time of Alexander’s en¬ 
tering Babylon. This enormous account may have 
fome foundation, on the fuppofition that the Chaldeans 
built on the diminution of the obliquity of the ecliptic 
at the rate of a minute in too years. M. do Louvillc, 
taking the obliquity fuch as it mud have beqp at the 
time of Alexander’s entrance into Babylon, and going 
back to the time when the ecliptic, at that rate, mult 
have been perpendicular to the equator, actually iinds 
402,942 Egyptian, or Chaldean years; which is only 
58 years fhort of that epocha. Indeed there is no way 
of accounting for the fabulous antiquity of the Egyp¬ 
tian;, Chaldeans, Sic, fo probable, as from the fuppoli- 
tion of long periods of very ilow celeflial motions, a 
fmuil part of which they had obierved, and from which 
they calculated the beginning c>f the period, making the 
world and theirwn nation to commence together. Or 
pc;haps they ibmetimes counted months or days for 
yeai s. 

Should the diminution always continue at the rate it 
lias lately done, viz at 50" or 56^ a century, it would 
take 96,960 years, from the year 1788, to bring the 
ecliptic exactly to coincide with the equator. 

Ei-i.ii* tic, in Geography, a great circle on the ter- 
redrial globe, in the plane of, or directly under,.the cc- 
ledial ecliptic. 

Ecliptic, luelipticus, fomething belonging to the 
ecliptic, or to cclipl'cs; as ecliptic conjunction, oppoli- 
tion, &c. 

Ecliptic Bounds, or l.imits , are the greateft dis¬ 
tances from the nodes at which the fun or moon can be 
cclipied ; namely, near 18 degrees for the l'un, and 12 
dcgiccs for the moon. 

Eci.tr ric Digits, digit! eeT.vhi. See Digits. 

Poles of the Ecliptic, u;e the two oppoiitc points: 

of 
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<if the fphcre which are each everywhere equally diftant 
from the ecliptic quite arouild, or qo° diftant from it. 
The diilance of the poles of the ecliptic from the poles 
of the equator, or of the world, is always equal to the 
varying diftance of the obliquity of the ecliptic, and at 
(he beginning of the year 1789 it was juft 23° 28'. 

Rcdutiim to the Ecliptic. See Reduction. 

EFFECT, the refult or confequence of the applica¬ 
tion of a caufe, or agent, on fume fubjed. It is one of 
the great axioms in philofophy, that full effedts are al¬ 
ways proportional to the powers of their adequate 
catifcR. 

EFFECTION, denotes the geometrical confiru&ion 
«£ a proportion. The term i3 alfo ufed in reference to 
problems and pra&ices ; which, when they are dedu- 
cible from, or founded upon fome general propofilions, 
are called the geometrical effetiion of them. 

- EFFERVESCENCE, is popularly ufed for a light 
ebullition, ora brifle inteftine motion, produced in a li¬ 
quor by the iirft adtion of heat, with any remarkable re¬ 
paration of its parts. 

EFFICIENT Caufe., is that which produces an cf- 
fcdl. See Cause and Efff.ct. 

Efficients, in Arithmetic, arc the numbers given 
for an operation of multiplication, and are otherwife 
called the fa&ors. Hence the term coefficients in Al¬ 
gebra, which are the numbers prefixed to, or that mul¬ 
tiply the letters or algebraic quantities. 

EFFLUVIUM, a flux or exhalation of minute parti¬ 
cles from any body ; or an emanation of fubtile cor- 
pufdcs from a mixed, fenfible body, by a kind of motion 
of tranfpiration. 

ELASTIC, an appellation given to all bodies en¬ 
dowed wjth the property of elafucity or fpringinefs. 

Elastic Body, is that which changes its figure, and 
yields to any impulfe or preflure, but endeavours by its 
own nature and force to reftore the fame again; or, it 
is a fpringy body, which, when comprefled or conden- 
fed, or the like, makes an effort to fet itfelf at liberty, 
and to repel the body that conftrained it. Such, for 
inftance, as a bow, or a fword blade, &c, which arc 
cafily bent, but prcfently return to their former figure 
and extenfion. All bodies partake of this property in 
fome degree, though perhaps none are perfectly elaftic, 
as none are found to reflore themfelres with a force 
equal to that with which they are comprefled. 

The principal phenomena obfervablc in Elaftic bo¬ 
dies, are 1, That an elaftic body (i. c. a body perfect¬ 
ly elaftic, if any fuch there be) endeavours to reftore it¬ 
felf with the fame force with which it is prefled or bent. 
2, An elaftic body exerts its force equally towards all 
Tides ; though the effeft is chiefly found on that fide 
where the refiftance is weakeft ; as is evident in the 
cafe of a gun exploding a ball, a bow fhooting out an 
arrow, &c.—3, Elaftic bodies, in what manner foever 
Rruck, or impelled, arc infle&cd and rebound after the 
fame manner: thus a bell yields the fame mufical found, 
in whtt manner, or on what fide foever it be ftruck ; 
the fame of a tenfe or mufical chord; and a body re¬ 
bounds from a plane in the fame angle in which it meets 
orftrikes it, making the angle of incidence equal to the 
angle of refie&ion, whetherthe intenfity of the ftroke 
be greater or left,—4, A body perfectly fluid, if any fuch 


there be, cannot be elaftic, if it be allowed that its part* 
cannot be comprefled.—-5, A body perfectly folid, if 
any fuch there be, cannot be elaftic ; becaufe, having 
no pores, it is incapable of being comprefled.—6, The 
elallic properties of bodies feem to diner, according to 
their greater or lefs denfrty or compa&ncfa, though not 
in an equal degree: thus, metals arc rendered more 
compaft and elallic by being hammered : tempered ftecl 
is much more elaftic than loft fteel; and the denfity of 
the former is to that of the latter as 7809 to 7738: cold 
condenfes folid bodies, and renders them more elaftic ; 
whilft heat, that relaxes them, has the oppofite cfTcfl: 
but, on the contrary, air, and other elaftic fluids, are 
expanded by heat, and rendered more elaftic.—For the 
laws of Motion and Percufiion in Elaltie bodies, fee 
Motion, and Percussion. 

Elastic Curve. See Catenaria. 

Elastic Fluids. See Air, Electricity, Cas, 
Elastic Vapours, &c. 

Elastic Gum. The fame as Caoutchouc, or 
Indian Rubber. 

Elastic Vapours, or Fluids, are fuch as may be com¬ 
prefled mechnnically into a lefs fpace, and which refmne 
their former ftate when the comprcffing force is with¬ 
drawn. Such as atmofpherical air, and all the aerial 
fluids, with all kinds of fumes raifed by means of heat, 
whether from folid or fluid bodies. 

Of thefe, fome remain elaftic only while a confiderable 
degree of heat is applied to them, or to the fubftancc 
which produces them ; while others continue elaftic in 
every degree of cold that hss yet been obferved. Of 
the former kind, are the vapours of water, fpirit of 
wine, mercury, fal-ammoniac, and all kinds of fublimablc 
falls : of the latter, thofc of fpirit of fait, mixtures of 
vitiiolic acid and iron, nitrous acid, and vatious other 
metals, and in fhort the fcveral fpecies of aerial fluids 
indifcriminately. 

The elaftic force with which any one of thefe fluids 
is endowed, has not yet been calculated, as being ulti¬ 
mately greater than any oblladc we can put in its way. 
Thus, on coraprefiing the atmofpherical air, wc find 
that For fome little time at firft it cafily yields to any 
force applied ; but at every fuccecding moment the rc- 
fiftance becomes always the ftrongcr, and a greater and 
greater force muft be applied, to comprcfs it farther. 
As the compreffion goes on, the veffel containing the 
air becomes hot; but no power whatever has yet beeu 
able in any degree to deftroy the elafticity of the con¬ 
tained fluid ; for, upon removing the preflure, it is al¬ 
ways found to occupy the very fame fpace that it did 
before. The cafe is the fame with the fleam of water, 
to which u fuflkient heat is applied to keep it from 
condenfing into water. 

Elasticity, or Elastic Force, that property of 
bodies by which they reftore themfclvcs to their former 
figure, after any external preflure. 

The caufe or principle of this important property, 
dafticity, is varioufly accounted for. The Cartefians 
aferibe it to their fubtile matter making an effort to pais 
through pores that are too narrow for it. Thus, fay 
they, in bending or comprcffing a hard elaftic body, as 
a bow, for inftance, its parts recede from each other on 
the convex fide, and approach on the concave one: 

CQnfe- 
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ronfequently the pores are contrafted or ftraitened on the 
concave fide ; and, if they were before round, arc now 
perhaps oval: fo that the materia fubtilis, or matter of 
the fecond dement, endeavouring to pafs out of the 
pores thus ftraitened, mull make an effort, at the fame 
lime, to reftore the body to the ftate it was in when 
the pores were rounder, i. e. before the bow was bent : 
and in this couiifts its Elafticity. 

Other later philofophers account for Elafticity much 
after the fame manner as the Cartefians ; with this only 
difference, that inftead of the fuhtile matter of tlte Car- 
tenans, thefe fubftitute Ether, or a fine ethereal medium 
that pervades all bodies. 

Others, fetting nfide the prrcirirtis iiotiott of a ma¬ 
teria fubtilis, account for Elafticity from the great law 
of nature, Attraction, or the cat life of the cohefion of 
tit? parts of foil’d and firm bodies. Thus, fay they, 
when a hard body is ftrttck or bent, fo that ihe com- 
p.'ment parts are moved a little from each other, but 
not quite disjointed or broken oil, <rr feparyted fo far 
as to be out of the power of that attracting force by 
which they cohere; they mull, on removing the exter¬ 
nal violence, fpring back to their former natural flafe. 

Others again tcfolvc Elafticity into the preffure of the 
atmolpbere: for a violent tention, or comprcfiion, 
though not fo great as to feparate the couflituent 
particles of bodies far enough to let-in any foreign mat¬ 
ter, mud yet ucrafiou tunny little vaeuola between the 
fiparated furfsutes ; fo that on the removal of the force 
they will c.lofe again 1 .y the prdfure of the aerial fluid 
upon the external parts. 

I.nftly, others attribute the Elafticity of all hard 
bodies to the power of rcfilition in the air included 
within tin in ; and fit make the elaftie force of the air 
the principle of Elafticity in all other bodies. See Def- 
aguliers’s Expcr. Pliilol. v«»l. 2, pa. 3M, ftc. 

The Elasticity of T 7 ui.lt is accounted for from 
their particles being all endowed with a centrifugal 
force; whence Sir Tfaac Newton demonflrates, prop. 
23, lib. 2, that particles, which naturally avoid or fly off 
from one another by fuch forces as arc reciprocally pro¬ 
portional to the diflances of their centres, will compofe 
on elaftie fluid, whofe denfily fltall he proportional to 
its comptcflion ; and vice verfa, if any fluid be com- 
pofed of particles that fly off or avoid one another, and 
have its derifitv proportional to its comprellton, then 
the centrifugal forces of thofe particles will be recipro¬ 
cally proportional to the diflances of their centres. 

Elasticity »f the Air is the force with which that 
element endeavours to expand, and with which it does 
actually dilate itfelf, on removing the force that com- 
prefled it. See Air, and Atmosphtri-. 

The Elafticity or fpring of the atr was firft difeover- 
ed by lord Bacon, and farther eftablifhed by Galileo. 
Its exiftence is proved by this experiment of thatpliilo- 
fopher : An extraordinary quantity of air being intrud¬ 
ed, by means of a fyringe, into a hollow ball or ftu'll 
nf glafs or metal, till fuch time as the ball, with this 
acccflion of air, weigh eonfidentbly more in tlte balance 
than it did before ; then, opening the mouth of the 
ball, the air nifties out, till the ball fink to its former 
weight. From hence we infer, that there is juft as 
much air gone out, as cotnprdfcd air had been crowded 
. Vcn.. L 


in. Air therefore returns to its former degree of -r. • 
panfion, upon removing the force that comprcffed or 
refilled its expinfion ; and confcquently it is endowed 
with an elaftie force. It may be added, that as the 
air is found to ruflt ont in every fituatiou or direction 
of the orifice, the elaftie force acts every way, or in every 
direction alike. 

The caufe of Elafticity in air hath been ufually 
aferibed to a repulfton between its particles; but what 
js the caufe of that repul lion ? The term repuifton, like 
that of attraction, requires to be defied ; and proba¬ 
bly ft will be found in mod cafes to be the effect of 
the action of fomeother fluid. Thus, it. is found that 
the Elafticity' of the atmnfphere is very ronitderably 
affected by heat. Suppoiing a quantity of air heated 
to fuch a degtee as to raife Fahrenheit’s thermometer 
to 212, it will then occupy a cunlidcrablc lpa.ee ; but 
if it be cooled again to fuch a degree, as to fink the 
thermometer to o, it will (blink up to lefs than half 
the former bulk. The quantity of repulfive power 
therefore acquired by the air, while palling from one 
of tiicfie Hates to the other, is evidently owing to the 
heat added to it, or taken away from it. Nor does 
there feem to be any reafon to l’uppofc, that the quan¬ 
tity of Elafticity 01 repulfive power it (till poflefl’es, is 
owing to any other caufe than the fire contained in it. 
The fupp.'jition that rcpulfion is a primary caufe, in¬ 
dependent i.f all others, has given rife to many erroneous 
theories, and very much embarraffed philofophers in ac¬ 
counting for the phenomena of Elafticity. 

'I’he Elafticity of the air is not only proportional 
to its dentily, hut is always equal to the force which 
comprdTes it, becaufc thefe two exactly balance each 
other. This Elafticity, in the atmofpheric air, is mea- 
fured by the height of the barometer at any time, al¬ 
lowing for its heat or temperature, after this rate, viz, 
the 434th part for each degree of Fahrenheit’s thermo¬ 
meter, above or below fome mean temperature, as 55 0 ; 
for by that part of the whole it is that air expands or 
rontrafts, or tlfe increafes or decreafes in its Elafticity, 
for each degree of the thermometer. Sir Geo. Shuck- 
burgh, in the Philof. Tranf. for 1777, pa. 561. 

ELECTIONS, or Choice, fignify the feveral different 
ways of taking any number of things propofed, cither 
feparately, or as combined in pairs, in threes, in fours, 
&c ; not as to the order, but only as to the number and 
variety of them. Thus, of the things a, b, c, d, e, 
flee, the eleftions of 
one thing are (a,) I == 2* — 1, 
two things are (a,b,ab) 3 =2*—1, 
threcthings arc (a, b, c, ab, ac, be, a be) 7 = 2 J — 1, 
Are ; and of any number, n, all the eleftions are 2"— 1 ; 
that is, one leui than the power of 2 whofe exponent 
is tiy the number of fingle things to be chofen, either 
feparately or in combination. 

ELECTRIC, in Phyfics, is a term applied to tbofe 
fubllamcs, in which the eleftric fluid can be excited, 
and accumulated, without tranfmitting it; and which 
are therefore called tton-canduBors. They arc alfo call- 
ed original Eltflrics, and Eleflrhsper ft . 

The word is derived front fAuoqov, amber, one of the 
molt obfcrvable non-conduftors. To this clafsalfobe- 
lottg glafs, and all vitrifications, even of metals; all 
precious Hones, of which the mult tranfparcnt are the 
3 H bed; 
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Iv’fl ; all refins, and rcfinous compofitions} alfo ful- 
j.hur, baked wood, all bituminous fubitances, wax, 
id-:, cotton, all dry animal fnbllances, as feathers, 
wool, hair, &e ; alfo paper, white fugar, and fugar- 
candy; likewife air, oils, chocolate, calces of metals 
and fcmi-mctals, the afhes of animal and vegetable 
fubftances, the ruft of metals, all dry vegetable fub- 
ftances, and Hones, of which the lutrdefl arc the bell. 

Subilatices of this kind may be excited, fo as to ex¬ 
hibit the Electric appearances of attracting and impell¬ 
ing light bodies, emitting a fpark of light, attended 
with a (happing roile, and yielding a current of air, 
the feufation of which rcfcmhlcs that of a fpider’s web 
drawn over the face, &c, and a fmell like that of phof- 
phorus; and this exciting may be either by fl irt ion, or 
by heating and cooling, or by melting, and pouring one 
melted fubllance into another. 

The term is peculiarly applied to the electric, viz. 
the globe, or cylinder, &e, ufed in eledhieal machines, 
to colledt the electrical matter by rubbing it. 

Electrical Air 'Thermometer, an inflriiment con¬ 
trived by Mr. Kinncrflcy of Philadelphia, and ufed in 
determining the effects of the electrical explofion upon 
air. The defeription may be fecn in Franklin’s JLet- 
ters, &c, pa. 389, 4to, 1769. 

Electrical Apparatus, confills of glafs tubes, 
about 3 feet long, and an inch and a half in diameter. 
One of which fhould be clofed at one end, and furniflied 
at the other end with a brafs cap and flop-cock, to rarefy 
or condenfe the inclofcd air ; flicks of fealing wax, or 
tubes of rough glafs, or glafs tubes covered with leal- 
Ing-wax, or cylinders of baked wood for producing the 
negative electricity ; with proper rubbers, as black 
oiled filfcj with amalgam upon it for the former, and 
loft new flannel, or hare (kins, or eat (kins, tanned with 
the hair on, for the latter ; coated jars, or plates of 
glafs, either (ingle, or combined in a battery, for ac¬ 
cumulating cleftricily ; metal rods, as. difehargers; an 
electrical machine ; electrometers, and infulated (tools, 
fupportedby pillars of glafs, covered with fealing-wax, 
or baked wood, var.iiflic;’ or boiled in linfeed oil. 

Electrical A.nnfphcre , is a Aream or mafs of the 
Electrical fluid which funxiupjs an excited or electri¬ 
fied body, to fome diiluncc. 

Elec jrk al Balls , See Balls and Electrome¬ 
ter. 

Electrical Battery , confrfts of a large quantity of 
coated jars, placed near each other in a convenient 
manner. Thcfc being charged, or eleft rifled, and con¬ 
nected with each other, are then fuddcnJy exploded or 
ilifeharged, with a prodigious elfefct. 

Electrical Fluid, is a fine rare fluid which iffucs 
from, and furrounds electrified bodies. 

Electrical Kite, was contrived by Dr. Franklin, 
to verify his hypothefis of the identity of electricity 
and lightning. It confided of a large thin filk hand¬ 
kerchief, extended and failened at the four corners to 
two (lender drips of cedar, and accommodated with a 
tail, loop, and firing, foasto rife in the air like a pa¬ 
per kite. To the top of the upright flick of the crofs 
was fixed a very lharp-pointed wire, riling a foot or 
more above the wood ; and to the end of the twine, 
next the land, a filk ribband was tied. From a key 


fufpended at the junftion of the twine and filk, when 
the kite is raifed during a thunder-ftorm, a phial may 
be charged, and eledlric fire collected, as is ufually done 
by means of a rubbed glafs tube or globe. Philof. 
Tranf. vol. 47, pa. 565, or Franklin’s Letters, pa. 
111 and 112. 

Kites made of paper, covered with varnifh, or with 
well boiled linfeed oil, to preferve them from the rain, 
with a (lick and cane bow, like the common ones ufed 
by boys, will anfwer the purpofe extremely well, and 1 
arc very ufeful in determining the electricity of the at- 
mofphere. See Conductor. 

Electrical Machine, is a part of the Electrical ap¬ 
paratus, contrived for collecting a great quantity of 
eledtrieit y, and exhibiting its effects 111 a very fenlilde 
manner. It confifls of the eledtric, the moving en¬ 
gine, the rubber, anil the prime conductor. In the 
early (late of this feience, lor the eledtric, wa 3 ufed 
fealiug-vvax, fulphur, or rough glafs t but, fincc the 
method of iufulatiug the rubber, and fo producing ne¬ 
gative electricity, was introduced, fmootli glafs has 
been ufed. The form is commonly either that of a 
globe, or of a cylinder. Each figure lias its advan¬ 
tages, and its inconveniences. Dr. Van Mariun, a late 
German writer, has conflruCted a machine, in which 
ginnk.e, in the form of a dile, is ufed as an ckclric 
initead of glafs ; which has the cffedl of depending 
very little on the temperature of the air; defcrilicd in 
his Verhundeling over bet Electriveeren, &c, or a 
Treatii’c concerning the method of electrifying. Gronin¬ 
gen, 177(1. But he has fiiiee procured fome others to 
be made by Mr. Cuthhcnfou, a v. ry ingenious artifl, 
oflarge dills, ('rrouad plate of glal'.i: one cf theft- i,; 
now placed in Teylcr’s Mnllurn at Harlem, having-two 
of thefe gl ifs ph.tes, c-.f (15 inches diameter, e> cited, on 
both Ikies ot them, by rnbbe'a of waxed taffatv; with 
which, effcdls are piodii>‘ed that are truly allonilliing 
and tremendous. (Sec his Defeription of this machine, 
and its effects, publilhid in qto, at Harlem, 1785, See. 

There have been rations contrivances for giving mo¬ 
tion to the electric of a machine. The common me¬ 
thod is by a wheel turned by a winch or handle; a cord 
going round a groove in the periphery of the whctl, 
and over a pulley in the neck of the globe or cylinder. 
Others have ufed multiplying wheels, which are cafily 
turned by a wineb ; and others again make ufe of a 
wheel and pinion, or a wheel and endlefs ferew. But 
Van Mamin’s machine it ftems. has the completed 
movement, its operation being very uniform, and ealily 
worked ; it is kept in motion by a weight, which, after 
being wound up to the height of 12 feet, will continue 
the motion uniformly for 6 hours ; yielding alfo a ne¬ 
gative power, as well as the pofitivc ; and the conduc¬ 
tors annexed to it ferving eafily to convey the electrical 
power wherever it is required, without the addition of 
any chain, or wires. See. 

The Rubber is the next material part of a machine. 
Tlxefc were formerly made of red bafil (Ivins, fluffed 
with hair, wool, flax, or bran ; Dr. Nooth intro¬ 
duced filk cufhions fluffed with hair, over which is laid 
a piece of leather, rubbed with amalgam, which are 
better than the others. The rubber may be infulated 
in any way that beft fuits the conftrudtion of the ma¬ 
chine : 
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chine: and a chain or wire may eafily be fufpendtd 
from It, to communicate with the floor, whenever the 
infulation Ib not neceflary ; and thus fiofitivc and nega¬ 
tive electricity may be produced at plcafure. Van 
Marum ufes mercury to his rubbers. 

The Prime Condu&or is another neceflary appen¬ 
dage to the EleCtrical Machine: its ufo is to icceivethe 
cledtricily from the eleftric, as it is produced, and ac¬ 
cumulate it. as in a magazine, ready to be drawn oil'and 
employed on all occalions. See Prime Conductor. 

T>cfrript'ion of the mofl ufefnl Eltflncal Machines. 

Fig. I, plate ix, reprefents I)r. Pruflley’s Machine, 
a very extenfively ufeful one, defer i bed in his Hill cry 
«f Eleftricity; in which g is the globe, or eleCtrie ; f 
the rubber; in the two pillars d, d, of baked wood, 
arc feveral boles to receive the fpindlcs of different 
globes or cylinders, feveral of which may be put on to¬ 
gether, to incrcafethc cleftricity : him is the prime con¬ 
ductor, being a copper tube, fupported on a Hand of 
glafs or baked wood. 

Fig. 2 is Dr. Wutfon’s Machine, for tiling feveral 
globes at once, to accumulate a great quantity of elec¬ 
tricity. 

Fig. 3 reprefentsa very portable Fleftvieal Machine 
invented by Mr. Read, and improved by Mr. Lane. A 
is the glafs cylinder, moved vertically by means of the 
pulley at the lower end of the axis, the pulley being 
turned by the large wheel II parallel to the table; there 
are feveral pullets, of different lives, either of which 
may he ufed, according as the motion is required to he 
quicker or flower. The conductor C is furuifhed with 
points to collect the fluid, and is lerewed to the wire of a 
coated jar D. The figure fliews alfo the manner of 
applying Mr. I,unc’s electrometer to this machine. 

Electrical Machines have of late years undergone 
feme very eflenlial alterations and improvements ; both 
from the fuggellions of private eleCtricians, and the in¬ 
ventions of Mcffrs. Adams, Nuirne, and Jones, inftru- 
ment makers in London ; fome of which are as follow: 

Eig. 4 reprefents a very convenient machine for prac¬ 
tice. The frame of this machine conlifls of the bottom 
board A BCD ; which, when the machine mull be ufed, 
is fallened to the table by two metal cramps. EF are 
two round pillars, of baked wood, which fupport the 
cylinder (I by the axles of tlu* brafs or wooden caps 
H, turned fe.metitnes by a Ample winch I, and fonie- 
timesbv a pulley and wheel, as in the next fig. The 
rubber is fixed to a glafs pillar K, which is faflened to a 
wooden baiis I. at the bottom. The conductor N is 
ufually made of brafs or tin japanned, and is infulaled 
by a glafs pillar, ferewed into a wooden balls or foot, 
which is moll conveniently placed parallel to the cylin¬ 
der. 

‘Fig. 5 reprefents an Electrical Machine, with a 
conductor in the fltape of a 1’; and an improved medi¬ 
cal apparatus, where it is neeeflaty to give the fliock in 
the arms. 

Fig. 6 fliews Mr. Nairnc’s patent machine for medi¬ 
cal purpofes. Its glafs cylinder is about 7 inches in 
diameter, and 12 long, with two conductors parallel to 
it. The rubber is faflened to the conductor R ; and ’ 
conflfts of a cufhion of leather fluffed, having a piece 


of filk glcwed to its under part. The conductors are of 
tin covered with black lacker, each of them 'containing' 
a large coated glafs jar, and like wife a (mailer one, or 
a coated tube, which arc viflble when the caps NN arc 
removed. To each condudtor is fixed a knob O, for the 
occafional. fufpeniion of a chain to produce pofitive or 
negative eledlrieity. That part of the winch C which 
adts as a lever in turning the cylinder, is of glals. Thus 
every part of the machine is inhibited, the cylinder il- 
felf and its brafs caps not excepted ; by which means 
very little of the electricity is diflipated, and hence of 
courfc the effects are likely to be the more powerful. 
And to this the inventor lias adapted fome flexible con¬ 
ducting joints, a difeharging electrometer, See , for the 
pradtice of medical electricity. 

The large Elertrical Machine placed in Teylcr* Mu- 
feum at Iiarlcm, has been partly deferibed above. It 
was conflrudxd by Mr. John Cuthbtrtfon, an Engliili 
irillrument maker; and it has, for the electric, two 
glafs plates of 65 inches diameter, made of French 
glafs, as this is found to produce the moit electricity 
next to Englifli flint glafs,* which could not be made of 
a fufficicnt tize : tliefe plates are fi t on the fame hori¬ 
zontal axis, at tile diftance of 7 j inches, and are ex¬ 
cited by 8 rubbers, each 15* inches long; and both 
fidcs of the plates arc covered with a refinotis fuhliance 
to the diilance of 1 r d irehes from the centre, both to 
flrengtlieu the plates,and to prevent any electricity from 
being carried off by the axis. Its battery of jars con¬ 
tains 225 fquare feet of coated f.trfaee, and its e&efts 
are allonilhingly great. 

Ei.kctric.11. Phial. See l.rvnrN Phial. 

E l i- c t r i c a 1. Rabler . See Electrical Jhpparatusy 
and Electrical Machine. . 

Electrical Short, is the bidden explofion between 
the oppoiite fidcs of a charged electric; fo called he- 
caufe if the difeliargc be made through the body of an 
animal, it ocealions a fudden motion by the contrac¬ 
tion of the mufcles through which it paflls, accompa¬ 
nied with a difagrceable fenlatioii. The force of this 
fliock is proportioned to the quantity of coated furfacc, 
the thinnefs of the glafs, and the power of the machine 
by which it is charged. Its velocity is ahnofl: inllanta- 
neous, and it has not been found to take up the lcafl 
fenfible time in palling to the grcaU.fl diitaiiees. * 

It has been obferved that the Electrical Shock is 
weakened by being communicated through feveral per- 
fons in contaft with one another, lndeeu i'. is obftruct d 
in its pafTage, even through the heft conductors, as ic 
will prefer a fhort pafiage through the air to a long ouq 
through the mofl perfect condud. is : and if the cir¬ 
cuit be interrupted, either by chart net., or very imper¬ 
fect conductors of a moderate thiekneis, the Shock will 
rend them in iipafiage, ditperfe them in ev.t e direc¬ 
tion, and exhibit the appearance of a hidden t:.j.::nfiou 
of the air about t:.e ■. entn-of the fliock. A thong 
(hock, made to jpafs *.!•'•• vgh or over the belly of a muf- • 
elc, forces i'. to contract; and fern through a fmall ani¬ 
mal body, d es it inftanlly of life, ;md battens pu¬ 
trefaction. It gives po! .rity to magnetic needles, re¬ 
veries their poles, ;;-id produces effeCtu preeife.'; limilar, 
though infe. or in degree, to tliofe of lightning. 

Ei.rcTRiCAL Star, See Star. 

3 H 2 ELECTRICITY, 
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ELECTRICITY, or Electrical Foret, is that 
power or property, which was firit obferved in amber, 
the lyueurium, or tourmalin, and which fealing-wax, 
glafs, and a variety of other lubttances, called eleftrics, 
are now known to pofiefs, of attracting light bodies, 
when excited by heat or friction ; and which is alfo ca¬ 
pable of being communicated in particular circum- 
Ranees to other bodies. 

Electricity alfo denotes the fciencc, or that part 
of natural philofophy, which propofes to inveiligate the 
nature and effefts of this power. From »aikt,-cv, the 
Greek name for amber, is derived the term Eleftiicity, 
which is now very extenlively applied, not only to the 
power of attracting light bodies inheicnt in amber, but 
to other fimilar powers, and their various effects, in 
whatever bodies they relide, or to whatever bodies they 
rr.ny be communicated. 

Mufchcnbroek and JEpinus have obferved a confi- 
clirahle analogy, in a variety of particulars, between the 
powers of Electricity and Magnctifm ; and they have 
alfo pointed out many inllances in which they differ. 

htjiory of Electricity.— —The property which 
amber poffeffcs of attracting light bodies, was very an¬ 
ciently obferved. Thales of Miletus, 600 years before 
Chrift, concluded from hence that it was animated. 
But the firll perfon who exprefsly mentioned this fub- 
flunce, was Theophraflus, about 1500 years before 
Cliriit. The attractive property of amber is ttlfo occa- 
fionally noticed by Pliny, and other later uaturalills, 
particularly Gaffcndtis, Kenehn Digby, and Sir Tho¬ 
mas Brown. But it was generally apprehended that 
this quality was peculiar to amber and jel, and perhaps 
agate, till W. Gilbert, a native of ColchclLer, and a 
pnylician hi London, published his treatife JJe Mn«- 
nete, in the year 1600. Dr. Gilbert made many conli- 
derable experiments and difeoveries, confidering the 
then infant flate of the fciencc. He enlarged the lilt 
both of cleftrlc3, and of the bodies on which they ail: 
he remarked, that a dry air ivas mod favourable to elec¬ 
trical appearances, wlultt a moift air almoft annihilates 
the eleftric virtue : hi alfo obferved the conical figure 
•Ruined by electrified drops of water: he confidered 
electrical alt raft ion feparately from repuiiion, which lie 
thought had no place in Electricity, as a phenomenon 
fimilarto the attraction of cohcfion, and he imagined, 
that cleClrics were brought into contaft with the bodies 
on which they aCt by their effluvia, excited by fric¬ 
tion. 

The ingenious Mr. Boyle added to the catalogue of 
deft lie fubffinccs; but he thor ght that glafs polleflld 
tills power in a very low degree: he found, that the 
Elect ricit ■: of all bodies, in which it might be excitid, 
was Increafcd by wiping and warming them before they 
were rubbed ; that an excited eltftric was afted upon 
by other bodies as ftrongly as it afted upon them ; that 
diamonds rubbed againft any kind of duff, emitted 
light in the dark ; and that feathers would dug to the 
fingers, and to other fubftaaces, after they h ,d been 
attracted by eleftric*. He accoun'ed for electrical at- 
traftion, by fuppofing a glutinous effluvia emitted from 
ckftrics, w hich laid hold of fmall bodies, in its way, 
and carried them back to the body from which it pro¬ 
ceeded. 


Otto Guericke, the celebrated inventor of the air- 

B , lived about the fame time. This ingenious phi- 
icr difeovered, by means of a globe of fulpnur, 
that a body once attrafted by an eleftric, was next re¬ 
pelled, and continued in this Hate of repulfion till it 
fiiould be touched by fome other body: he alfo ob¬ 
ferved the found and light produced by the excitation 
of liis globe; and that bodies immerged in electrical 
atmofpTiercs are themfelvcs eleftriiitd with an electri¬ 
city oppofiteto that of tlie atniolpherc. 

The light emitted by elcftrical bodies was, not long 
after, obferved to much greater advantage by Dr. 
Wall, who aferibes to light tiie electrical property 
which they poffefs; and ne fuggeits a limilaiity be¬ 
tween the effefts of ehftiicity and lightning. 

Sir Iiaac Newton was not inattentive to this lubjcft : 
he obferved that excited glafs attracts lig! t bodies on 
the fide oppofitc to tliat on which it is rubbed ; and he 
aferibes the action of eleftric bodies to an tlaltic 
fluid, which freely penetrates gluts, and the emiflion 
of it to the vibratory motions id the parts oi excited 
bodies. 

Mr. Hawklbec wrote on this fubjeft in the year 
1709, when a new sera commenced in the liiltorj of this 
fciencc. He firit took notice of the great electrical 
power of glafs, and the light proceeding from it ; 
though others had before oblcrvcd the light pro¬ 
ceeding from other electrified lubttauces: lie alfo 
noted the noife occasioned by it, with a variety of phe¬ 
nomena relating to clcCtrical attraction and repulfion. 
He iiril introduced a glafs globe into the eltCtrical ap¬ 
paratus, to which circumilance it was that many of his 
important difeoveries were owing. 

After his lime there was an interval of near 20 years 
in the prog re Is of this fciencc, till Mr. Stephen Grey 
eflablilhed a new tern in the hiflory of Electricity. 
To him we owe the capital dilcovery of communi¬ 
cating the power of native electrics to other bodies, in 
which it cannot be excited, by fuppoiting them on 
filkcn lines, hair lints, cakes of refin or glafs; and 
a more accurate dillinCtion than liad hitherto obtain¬ 
ed between elcftrics and non-cleftries : he alfo (hewed' 
the effeft of electricity on water much more obvioufly 
than Gilbert had done in the infancy of this fciencc. 

The experiments of Mr. Grey were repeated by 
M. du Fay, member of the Academy of Sciences at 
Faris, to which he added many new experiments and 
difeoveries of his own. He obferved, that, eleftrical 
operations arc obdrnfted by great heat, as well as by a. 
moift air; that all bodies, both (olid and fluid, would 
receive cleft ricity, when placed on warm or dry 
glafs, or fealing wax ; that thofc bodies which are na¬ 
turally the lead eleftric, have the givateft degree of 
eleftricity communicatid to them by the approach of 
the excited tube. He tranfmitted the eleftric virtue 
through a diilauce of 1256 feet; and firll obferved the 
electric fpark from a living body,, fufpended on filkcn 
lines, and noted fcveral circumllances attending it. M., 
du Fay alfo edablilhed a principle, fird fuggeded by 
Otto Guericke, that eleftric bodies attract all thole 
that are not fo, and repel them as foon as they are be¬ 
come eleftric, by the vicinity orcontaft of the eleftric 
body. He likewife inferred from other experiments,. 

that 
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that there were two kinds of electricity; one of which 
he called the vitreous, belonging to glafs, rock cryfta). 
Sic ; and the other reft nous, as that of amber, gumlac, 
&c, dillinguidled by their repelling thofc of the fame 
kind, and attracting each other. He farther obferved, 
that communicated electricity had the fame property 
as the excited; and that eledtrie fubilances attraCt the 
dew more than conductors. 

Mr. Grey, refuming his experiments in 1734, fuf- 
pended fcveral pieces of metal on lilken lines, and found 
that by electrifying them tliey gave {parks ; which was 
the origin of metallic cu/idudlors: anil 011 this occa- 
fiou he d’l'covcrcd a cone or pencil of cleCtric light, 
inch as is now known to ilfuc from an electrified point. 
From other experiments lie concludes, that the elec¬ 
tric power fee ms to be of the fame nature with that 
of thunder and lightning. 

Dr. Delagidiers luce> eiled Mr. Grey in the profe- 
cution of this fcience. The account of his firll expe¬ 
riments is dated in 1739. To him wc owe thofc tech¬ 
nical Urms of conductors or twn-declries , anti eledrics 
per fr ; anti he fn ft ranked pure air among the electrics 
per fe, and fuppofed its Electricity to be of the vi¬ 
treous kind. 

After the year 1742, in which Dr. Defagulicra con¬ 
cluded his experiments, the fubjeCt was taken up and 
purfued in Germany : the globe was fubilituted forthe 
tube, which had been ufed ever Alice the time of 
Hawklbee, and a cullbon was foon after ufed as a rub¬ 
ber, inllcad of the hand. About this time too, fome 
ufed cylinders inllead of the globes; and fome of the 
German electricians made life of more globe* than one 
at the fane time. By thus increaftng the clcClrical 
power, they were the Aril who fueccedcd in fetting fire 
to inflammable fubilances ; tin's was firll done by Dr. 
Liidolf, in the beginning of the year 1744, "ho, with 
fparks excited by the friction of a glafs tube, kindled 
the ethereal fpirit of Frobenius. Winkler did the fame 
by a fpark from his own finger, by which he kindled 
Fran h brandy, and other fpirits, after prcvioully 
beating them. Mr. Gralath fired the finoke of a candle 
juft blow 11 out, and fo lighted it again ; and Mr. Bo/.e 
fired gun-powder, by means of its inflammable va¬ 
pour. About this timer I.udolf the younger demon- 
/{rated, that the luminous barometer was made per¬ 
fectly eleCtrical by the motion of the quickfilvcr. The 
ch i'tiical [liir and clc&ucal bells were alio of German 
invention. 

In Fn gland Dr. Walfon made a diilinguiflied figure 
from this period in the hillory of Electricity : he fired 
a variety lubltanccs by the electrical fpark, and firll 
dit ‘•■overed that thev are capable of being fired by the 
republic power of felcfllicity. In the year 174?, the 
accumulation of the electrical power in glafs, by means 
cf the Leyden phial, was hril difeovered. See Ley- 
pen phial : and for the method profit ifed about this 
tiiTK, of mcafuring the dillance to which the clefiirical 
llirek may be conveyed, fee EUtlrical Circuit. Dr. 
Wat fun niicovertd that the glafs tubes and globes do 
not contain the cleftric matter in themfclves, but only 
firrve as jirjl-movers or determiners, as he exprefles it, of 
that power ; which was alfo confirmed towards the end 
of 1746, by Mr. Benjamin Will'on, who made the 
fame difeovery, that the clcfitric fluid duet not come 


from the globe, but from the earth, and other non¬ 
electric bodies about the apparatus. Dr. Watfon alfo 
difeovered what Dr. Franklin obferved about the fame 
time in America, and called the plus and minus in 
Eletlricity. He likewife (hewed that the eleCtric mat¬ 
ter pafted through the lubitance of the metal of com¬ 
munication, and not merely over the furface. The 
hillory of medical Electricity commenced in the year 
1747. We mull omit other experiments, and conclu- 
fions drawn from them, by Mr Wilfon, Mr. Smeaton, 
and Dr. Miles in England, and by the A^hbe Nollet, 
with regard to the eifeCl of Electricity on the evapo¬ 
ration of fluids, on folids, and on animal and other or¬ 
ganized bodies, in France. 

Whilll the philoibphers of Europe were bufily em¬ 
ployed in electrical experiments and purluits, thofc of 
America, and Dr. Franklin in particular, were equally 
induitrious, and no lei’s fucccl'stul. His difeoveries and 
oblervatioris in FdeCtricity were communicated in feve- 
ral letters to a friend ; the lirll of which i; dated in 
1747, and tiie lalt in 1754 ; and the particulars of his 
fyltcm may be feen under the articles, 'Theory of Ei.ec-- 
tkicity, Leyden Phial, Points, Charging, Con¬ 
ductors, Electrics, Sic. 

The fimilarity between Eltflricityand Lightning had 
been fuggelled by fcveral writers : Dr. Franklin firtt 
propofed a method of bringing the matter to the tell of 
experiment,by railing ;tnelectrical kite; and hefucccedcd 
in collecting eleCtrical fire by this means from the 
clouds, in 1752, one month after the fame theory had 
been verified in France, and without knowing what 
had been done there : and to him we owe the practical 
application of this difeovery, in fcctiriug buildings from 
the damage of lightning, by erecting metallic conduc¬ 
tors. Sec Conductors, and Lightning.* 

In the fubfequeut period of the hillory of this Tel¬ 
enet*, Mr. Canton in England, and bignior Beccaria ill 
Italy, acquired diftinguilhed reputation. They both 
difeovered, independently of each other, that air is 
capable of receiving Electricity by communication, and 
of retaining it when received. Mr. Canton alfo, to¬ 
wards the latter end of the year 1753, purfued a leries 
of experiments, which prove that the appearances of 
pefitive and negative Electricity, which had hitherto 
been deemed ci’cntial and unchangeable properties of 
different fubilances, as of glafs and fading-wax for in- 
ilance, depend upon the lurfacc of the electrics, and 
that of the rubber. 

This h) pothefis, verified by numerous experiments, 
oceafioned a controverfy between Mr. Cantuii, and Mr. 
Dclaval, who Hill maintained that tlicle ditlere.it pow¬ 
ers depended entirely on the fubilances themielves. 
About this time too, fome ear..-us experiments were 
perfoiint'd by four of the principal electricians of that 
period, viz. Dr. Franklin, and MniVs Canton, 
Wileke, and AL.pinus, to ak . vtain the nature ot tlec- 
tiic atmofphcres ; the relult of which let- under that 
article. 

The theory of two electric fluids, always co-ex ill- 
ent and counteracting each other, though not abi'o- 
lutely independent, was maintained b\ a courfe of ex« 
perimeuts on filk dockings of different colours, com¬ 
municated to the Royal Society by Mr. Symmcr, in 
the year 1759, which were farther purfued by Mr. Cigna 
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of Turin, win? puli'I lin’d an account of. them in 
the Menuiss of tiu.- Academy at Turin for the year 

Many infi.mcoR occur in the hiflory of the feience 
about this p.iu.d, of 1 lie ai'onifiiing force of the dec¬ 
line ihork, in melting wires, and producing other fimi- 
htr ei 1 -e> 1: hut the molt remarkable is an experiment 
of S. IV'.caria, in which lie thus revivified metals. Se¬ 
ven! experiments were alio made by Dr, Walton, Mr. 
Sincalon, Mr. Canton, and others, on the paffage of 
liie electric fluid through a vacuum, and its luminous 
appearance, and on the power ; ificlled by eeituin fub- 
ilrr.crsof retaining the 1 ght communicated to them by 
un .ICtric cxplofiou. Mr. Canton, S. Beccaria, and 
lidmade many experiments to identify lileftricity 
and lightning, toafeertain the Hate of the atmofphere 
at different times, and to explain the various phenome¬ 
na of the Aurora Borealis, Water-Spouts, Hurricanes, 
&e, on the principles of this feience. 

Thofe who are defirous of farther information with 
rcfpeCf to the hiflory of eleclrical experiments and dif- 
coverier.,may confult Dr. Prieflley’sliillory and Prefcnt 
StatcofEliClricitv. This author however is not merely an 
hifloiiai: : his work contains many original 1 ;p< riments 
and difcovciies made bv himfclf. He afeertained the 
conducting power of cuareoal, and of hot glafs , the 
Electric iLy of fixed and inflammable air, and of oil ; 
the difference between new and old glals, with rcfpccl. 
to the diffuiiou of ElcCtrieilv over its furface ; t lie la¬ 
teral cxplofion in electrical difeharges ; a new method 
of fixing ciieular-eoloiirtd fpots on tier fuvfarer. of me¬ 
tals, and the moll probable difference between electrics 
and conductors, &e. The feience is alfo gnat ! y indebted 
to many other peifuns, either for their experiments and 
improvements of it, or for treatifes and other writings 
upon it ; as Mr. Henley, to whom we owe fcvcral cu¬ 
rious experiments and obfervations on the eleClrieal and 
conducting quality of different fubftances, as chocolate, 
vapour, &c, with the reafon of the difference between 
them ; the fufion of platina ; the nature of the electric 
fluid, and its courfe in a drfeharge ; the method of ef- 
timating the quantity of it in electrical bodies by an 
electrometer ; the influence of points; &c, &c. Alfo 
Meffrs Van Marum, Van Swindcu, Fergufon, Caval- 
lo, Lord Mahon, Nairne, &c, &c, for their fcvcral 
treatifes on the fuhjeCt of Electricity, any of which 
may be confulted with advantage for the experiments 
and principles of the feience. 

Medical EotcTRiciTV. It is natural to imagine 
that a power of fuch efficacy as that of eleCtricity 
would be applied to medical ptirpofes ; cfpccially, lince 
it has been found invariably to increafc the fenfiblc 
perfpiration, to quicken the circulation of the blood, 
and to promote the glandular fccretion : accordingly, 
many iuflances occur in the latter period of the hiflory 
of this feience, in which it has been applied w ith con- 
fiderable advantage and fncccfs. And among the va¬ 
riety of cafes in which it has been tried, thcr' are none 
in which it has been found prejudicial except thofe of 
pregnancy and the venereal dtfeafe. In mofl diforders, 
in which it has been ufed with perfeverancc, it has given 
at lcaft a temporary and partial relief, and in many 
it has eflefted a total cure. Of which numerous in- 
itances may be feen in the Philof. Tranf. and the writ¬ 


ings on this feience by Meffrs Lovct, Weftlcy, Fer- 
gufon,, Cavallo, &.e. &c. 

Thtory of Eli ci merry. It is haully neceffary to 
recite the ancient hypothefe.i on this fumed; fuch as 
that of the fvmpatheliu powder of the 1’eriyat erics ; that 
of unctuous effluvia emitted by tx.ri'ed bodies, and 
returning to them again, adop.ed bv Hilbert, llaflondus, 
Sir KenclniDigby, &o; ortliat of'the Cartofia:is, who 
aferibed electricity to the globules of the tiift elements, 
dill barged through the pores of the rubbed fubftanee, 
and in their return carrying with them thofe I’ght bo¬ 
dies;, in wliofe pores they were entangled : thel'c tiy- 
pothefes were framed in the infancy of t!.e feience, and 
of philofophy in general, and have long Ik ce been ex¬ 
ploded. in ilie more advanced flute of electricity there 
have been two principal theories, each oi which lias 
had its advocates. The one, is that of two dillinCt 
electric fluids, repul five with refpt e.t to themieKes, and 
attractive of one another, adopt'd by M. do Fay, on 
difeovering the two oppofiie fpeci- s of cleftricity, viz, 
the vitreous and rchuousaud; 11c. nc w-uo.icllcd by Mr. 
Kymmer. It is fuppoled that tlivi' two fluidc are 
ecpially at traded by all bodies, and exiil in intimate 
union .11 then pores; end that in tin’s It ate they exhi¬ 
bit no mark 1 ! .heir 1 \illence. But licit theiiidionol 
an electric by a 1 libber fepa; e.tc s thefe fluids, a-ul eaufes 
t!>e vitreous < leCvrici’y of the rubber to p.r .to the 
electric, and then ;-> the prime c oiidm <or v.i a machine, 
while the vclinon:. ckctiii :fy •.! the conductor am' elec¬ 
tric is conveyed to tie- rnl.b' 1 : and thus the qti.dip of 
tile electric fluid, pi. Hi f ed by ti e c <•! ■ *.ctor and the 
rubber, is changed, while the quantity remains the 
fame in each. In this kite of feparutiuii, the two eke- 
tiic fluid:; will exert their refpeelivc pcivcrs; and any* 
number of bodies charged vcith either of tin m will re¬ 
pel each other, attract thofe bodies that have Ids of 
each particular fluid than thcinfclvcs, and belli!) more 
attracted by bodies that are wholly dellitute of it, or 
that are loaded with the contrary. According to this 
theory, the eledrie fparh makes a double current ; one 
fluid puffing to an electrified conductor from any’ fub- 
fbinee prefcntcd to it, whilll the fame quantity of the 
othei fluid p-ifl'es from it ; and when each body re¬ 
ceives its natural quantity of both fluids, the balance of 
the two powers is rell >rcd, and both bodies are uiiclec- 
trified. For a further account of the explication of 
feme of the principal phenomena of electricity by this 
theory, fee Dr. Pritflley’s llillory, vol. 2, 3. 

The other theory is . umtnnnly diiliugniflied under 
the denomination of J.o/itivc and negative eleelricity, being 
firfl fuggeftedhy l)r. Wat foil, but ciigelled, illuflratcd, 
and confirmed by Dr. Franklin ; and lince that it has 
been known by the appellation of the Franklinian hy- 
pothefis. It is here fuppofed that all the phenomena of 
tlcdtricity depend on one fluid, fui generis, extremely 
fubtilc and rlnflic, difperfed through tlie pores of all 
bodies, by which the particles of it are as ltrongly attract¬ 
ed as they are lej.elled by one another. When bodies 
poffcfs their natural fliare of tliis fluid, or fuch a quan¬ 
tity as tiiey can retain fcy their non-attni&icn, it is then 
fnid tiiey are in an uneketrified ft ate; but when the 
equilibrium is diflui bed, and tin y either acquire an ad¬ 
ditional quantity from other bodies, or lofe part of their 
own natural fharc by communication to other bodies, 

they ■ 
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they exhibit ele&rical appearances. In the former cafe 
it is faid they are eledlrincd pofitively, or plus ; and in 
the other negatively, or minus. This eledtric fluid, it is 
fuppofed, moves with great eafe in thofe bodies that are 
called conduilors, but with extreme difficult y and flow- 
nefs in the pores of electrics ; whence it comes to pafs, 
that all electrics are impermeable to it. It is farther 
fuppofed that eledrics contain always an equal quantity 
of this fluid, fo that there can be no furcharge or in- 
creafeon one fide without a proport ionahle dccreafe or 
lofs on the other, and vice vcrla; and as the eledtric 
does not admit the paflage of the fluid through its 
pores, there will be an accumulation on one lide, and a 
correfpomb'ng deficiency on the other. Then when 
both fidcs are conned! ed together by proper conduitocs, 
the equilibrium will he rcltored by the milling of the 
reJiindant fluid from tlic overcharged furface to tlie < x- 
haulled one. Thus alfo, if an electric be rubbed by 
a conducting fubitanee, the electricity is only conveyed 
from one to the other, the one giving what the other 
receives; and if one be eledtrified pofitively, the other 
will be electrified negatively, unlcfs the lofs be fupplied 
by otln r bodies connected u itli it, as in the cafe of the 
eledtrfc and ie/ulatcd rubber of a machine. This theory 
ferves likevvife to illuflrate tlie other phenomena and 
operations in the fcience of electricity. Thus, bodies 
differently electrified will naturally attradt each other, 
till thrv mutually give and receive an equal quantity 
of the eltdtrie fluid, and the equilibrium is rcltored 
between them. Ben-aria fuppofes, that this effedt is 
produced by the electric miller making a vacuum in 
its palingf, and the contiguous air tfftrwards collaps¬ 
ing. and fo pufliing the bodies together. 

The in'burifc rrf points, in drawing or throw mg off 
the elvd.tr ■ c fluid, depends oil the lcfs refiflanct it finds 
to enter or pafi. o.T through fewer part icles than through 
a greater tuimbtr, whole ref.fiance is unitin fiat or 
round furfaccs. 'i'iia electric light is fuppeied to he 
part of the eledtric I!:.id, wbi.-li appears when it is pro¬ 
perly agitated : and the found of an cv plofinu is pro¬ 
duced by vibrations, ore.'-fion- d by the air’.-, br ing d:f- 
pEtvdly the electric fluid, and .'.gain fnddeidy coliqrf- 
ing. 

As to the nature of the clcdlrir fluid, ptfilofop'.-ers 
have cntertaiticd vf"y different fentimeot!. : ionic, and 
among them Tvlr. \Vilfon, have fuppofed that it i.-. tiur 
fame with tin- ether of Sir Have N. wto.i, to ul 'eh the 
phenomena of at* rail ion mi! repififtn are aferihvd ; 
whilil the light, fme'.l, and n'Vr K fihle qualities of 
the clcdlric fi n'd, are referred t > the profier particles of 
bodies, driven from then; by the torciid.' adtiou of this 
ctiier ; and < thtr app<-ar.".v es are cxpla.iied 1>\ mean.; 
of a fubtile iri'-r’iem ci:fh led over the fin faces of all 
bodies, a-d refilling 1 i■■■ entrance and exit of ! he ether ; 
which medium, it is oipp'-fed, Is I he farce w ‘.It the 'Ice- 
trie fluid, and is more rare on the furface; of con iuc- 
tors, and more denfc and rcfuling on thofe of electrics : 
but Dr. Prieflley remarks that, though they may poflefs 
fome common properties, they have others c lcntially 
diitinil ; the ether is ivi • ’led by all other matter, 
whereas tbe clcdlric fluid is ftrongly alt railed by it. 
Others have had reeourlc to the element of fire ; and 
from the fuppofed id"ntity of fire and tlie eled’tWc fluid, 
B£ well as from the funilarity of fomc of their effedis, the 


latter has been ufually called the cledlric fire: but moft 
electricians have fuppofed that it is a fluid Jiii generis. 
Mr. Cavendilh has publilhed an attempt to deduce and 
explain fome of the principal phenomena of electricity 
in a mathematical and fy hematic manner, from the na¬ 
ture of this fluid, confidered as eompofed of particles 
that repel e-\ch other, and attradt the particles of all other 
matter, with a force inverfely as fome lefs power of the 
diltance than the cube, whillt the particles of all other 
matter repel each other, and attradt thofe of the eledtric 
fluid, according to the fame law. Piiilof. Tranf. vol. 61, 
pa. $84—677. And a iimiJar hypothefis and method of 
reafoning was alfo propofed by M. vEpinus, in his 
Tentamen Theorise Eledlricitatir. & Magnetifmi. 

Dr. Pricftlcy concludes, from experiments, that the 
eledtric matter either is phlogiflori, or contains it, fiuce 
he found that both produced iimilar efleets. Mr. Hen¬ 
ley alfo apprehends, that the eledtric fluid is a modifica¬ 
tion of that element, which, in its quiefeent ftate, is 
called phlogiHon ; in its firft active flate, eledlricity; 
arid when violently agitated, iirc. Perhaps we may be 
allowed to enlarge our views, and oonfider the fun as 
the fountain of the eledtric fluid, and the zodiacal light, 
the tails of comets, the aurora borealis, lightning, and 
artificial electricity, as its various and not very diflimilar 
modifications. On this fubjedt, fee Pricftley*s Hill, 
of KleC.tr. vol. 2, part 3, 9 i, 2, 3; Wilfm’s EflTay 
towards an Explication of the Plnnomena of Eledlri¬ 
city, &c ; Wilfon arid Hoadley’s Obf. &c, pa. 35, 
1759; Freke's Eflay on tbe Caufc of Eledlricity, 
1746; Piieflley on Air, vol i, pa. l8fi, 274, &c ; 
Piiilof. Tranf. vol. 67, pa. 129 ; and Mr. Eelcs’s Let¬ 
ters, on the fame fubject. 

ELECTROMETER, is an rnflrument that rnca. 
fires tbe quantity, and determines the quality' of electri¬ 
city, in any electrified bodv. Previous to the invention 
of indrunw-ts of this kind, Mr. Canton cflimated the 
(juuntity of ehclticily in a charged phial, byprefenting 
the phial with one hand to ail infulaud conductor, and 
giving it a fpt-rk, which lie took off with the other; 
pioeee-ii.ig m tbu manner till the phial was <lii 'iiaigefi, 
vv hen he do* eemin.'d the lu-ighl of the charge by tire 
number of fpark.,. Elcctrom-.teis ace of 4 kinds; 
t, tbe Angle tine:i*.l; 2, the cork or pith balls; 

3, i he quadrant 5 and 4, the difch.irgmg Eleelroir.e- 

It. 

The ilk or mod Ample Elcdliumrter, is a linen 
thread, called by l)r. Defaguliers, the thn.tj r.f trial ; 
wl’ieh, being brought near an th vilified body, is at¬ 
tract. J by it : but this does little more than determine 
whether the body is in any degree electrified or not; 
without determining with any preciiiou it.-; qua:,!fie, 
much lefs the quality <-f it. The Abb'Nolb-t uf-'d 
two threads, fliewing the degree of electricity by the 
angle of their divegeuey exhibited lu their fhaJow or. 

& board placed behind them. 

Mr. Canton’s Electrometer confided of two balls of 
cork, or pith of elder, about tbe fi/e of a fh.all pea, 
fufpraided by fine fi'n-n thread.,, ..bon! ir-.chej long, 
which may be wetted in a weak fob:turn of fab. S. ; 
fig. ■*. If the box containing thefe balls be iufulaUd,. 
bv placing it on a drinking glafs, Svc, and an excited 
fmooth glafs tube be brought mar them, tliev will firft 
be at trailed by it, and then be repelled both from the 

glafs. 
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ghf«, and from each other; but on the approach of 
excited wax, they will gradually approach and come to¬ 
gether; and vice verfa. Thia apparatus will alfo fern* 
to detesmine the cleft rich; of the clouds and air, by 
holding them at a fufficient difiancc from buildings, 
trees, txc ; lor it the electricity of the clouds or air be 
pofitive, their mutual repuliion will incrcafe by the ap¬ 
proach of excited g!afs,.or deercafe by the approach of 
amber or fealing-wax : cm the contrary', if it be nega¬ 
tive, their repulfion will be diminished by the former, 
and increafed by ibc latter. See Philof, Tranf. vol. 48, 
part 1 and 2, for an account .of Mr. Canton’s curious 
experiments with tin's apparatus. 

If two balls of this kind be annexed to a prime con¬ 
ductor, they will ferve to determine both the degree and 
quality of its eleffi ideation, by their mutual repuliion 
and divergency. 

The Difcharging Eleftroinctcr, fig. -3, plate ix, was 
invented by Mi. Lane, li ennfifis of brafs work G, 
the lower part of which is inclofcu in the pillar F, made 
of baked-wood, and boiled in linfeed oil, and bored cv- 
J<ndtieally about two-thiids of its length ; the brafs 
work is fixed to the pillar by the ferew H, moveable in 
the groove i ; and through the fame is made to pafs a 
iieel ferew L, to the end of \\ ln'eli, and oppoiite to K, a 
polifhed hemifpherieal piece of brafs, attached to the 
prime comUidtor, is fixed a ball of brafs M well polifhed. 
To this ferew is annexed a circular plate O, divided 
into 12 equal parts. The life of this Elcdlroincter is 
to difebarge a jar 1), or any battery connedled with the 
•conductor, without a discharging rod, and to give 
(hocks fuceeffivcly of the fame degree of flrength ; on 
wliicli account it is very fit for medical purpofes. 
Then, if a perfon holds a wire faftened to the ferew H 
in one hand, and another wire fixed to E, a loop of brafs 
wire palling from the frame of the machine to a tin plate, 
on which the phial 1 ) Hands, lie will perceive no fhock, 
when K and M are in contadt ; anti the degree of the 
cxplofion, as well as the quantity of electricity accumu¬ 
lated in the phial, will be regulated by the difiance be¬ 
tween K and M. Philof. Tranf. vol. 57, pa. 451.— 
Mr. Henley much improved Mr. Lane’s Electrometer, 
by taking away the ferew, the double milled nut, and 
the (harp-edged graduated plate, and adding other con¬ 
trivances in their flead. Mr. Henkv’s difeharger of 
this kind has two tubes, otic Hiding within the other, to 
lengthen and accommodate it to larger apparatus. 

The Quadrant Electrometer of Mr. Henley, confifis 
of a item, terminating at its lower end with a brafs fer¬ 
rule and ferew, for fattening it upon any occafion ; and 
its upper part ends in a balL Near the top is fixed a 
graduated fcmicircle of ivory, on the centre of which 
the index, being a very light rod with a cork'ball at its 
.extremity, reaching to the brafs ferrule of the Hem, is 
made to turn on a pin in the brafs piece, fo as to keep 
near the graduated limb of the fcmicircle. When the 
.Electrometer is not electrified, the index hangs parallel 
to the Item; but* as foon as it begins to be electrified, 
the index, repelled by the item, will begin to move 
along the graduated edge of the fcmicircle, and fo mark 
the degree to which the conductor is clcdtrified, or the 
height to which the charge of any jar or battery is ad¬ 
vanced. 

Mr. Cavallo has alfo contrived fevcral ingenious Elec¬ 


trometers, for different ufes ; as nny be feen in bit 
Treat He on Electricity, pn. 370, &c, and in the Philof. 
Tranf. vol. 67, pa. 48 and 399. 

ELECTROPHOR, or ELTCTRornor.fr, an in- 
llriimetit for (hewing perpetual electricity ; which was 
invented by Mr. Volta, of Como, near Milan, in Italy. 
The machine confifis of two plates, fig. 8, one of 
which B is a circular plate of glafs, covt red on one fide 
with .feme refinous electric, and the other A is a plate 
of brafs, or a circular board, coated with tinfoil, and 
furnifiitd with a glafs handle I, which may be icrewed 
into its centre by means of a fockcl. It the plate 11 
be excited by rubbing it with new white flannel, and the 
plate A be applied to its coated fide, a finger, or any 
oilier conductor, will receive a fpaik on touching this 
plate ; and if the plate A be then feparated, by means 
of tiu* handle I, it will be found flrongly electrified, 
with an eleCtrieity conirary to that of the plate 11. 
By replacing the plate A, touching it with the finger, 
and feparating it again, it will be found ileCliitied as 
before, and give a fpark to any conductor, attended 
with a fnapping noife ; and by this means a coated 
phial may be charged. The fame phenomena may re¬ 
peatedly be exhibited, without any renewed excitation 
of the cledtric plate 11; tile electric power of 11 having 
continued for feveral days, and even weeks, after ex¬ 
citation ; though there is no rcufon to imagine that it 
is perpetual. 

Mr. Cavallo prepares this machine by coating the 
glafs plate with Ica'ing-wax ; and Mr. Adams, philofo. 
phical iufiruineiit maker, prepares them with plates 
funned from a compofition of two parts e>f (hell-lac, and 
one of Venice turpentine, without any glafs plate. 

The adtion of this plate depends on a principle dif- 
•covered and illuttralcd by the cxpci inicnt.s of Frank¬ 
lin, Canton, Wilcke, and ./Epinus, viz, that an excited 
eledtric repels the eledtiicity of another body, brought 
within its fphere of adtion, and gives it a contrary elec¬ 
tricity. Thus the plate A, touched by a condudloi, 
whillt in contadt with the plate B, electrified negatively, 
will acquire an additional quantity of the eledtric fluid 
from the condudtor; but if it were in contadt with 
a plate elcdlrificd pofitively, it would part with its elec¬ 
tricity to tire condudtor connedtid with it. See an 
account of feveral curious experiments with this ma¬ 
chine, by Mr. Henley, Mr. Cavallo, and Dr. Ingen- 
houfz, in the Philof. Tranf. vol. 66 , pa. 513 ; vol. 67, 
pa. \ j6 ami 3X9 ; and vol. 68, pa. 1027 and 1049. 

ELEMENT A R Y, fomething that relates to the 
principles or elements of bodies, or feiences ; as Ele¬ 
mentary' Air, Fire, Geometry, Millie, Src. 

ELEMENTS, the firfi principles, of which all 
bodies and things are compelled. Thefe are fuppofed 
few in number, unchangeable, and by their combinations 
producing that extenhve variety of objects to be met 
with in the works of nature. 

Democritus Hands at the head of the Elementary 
Philofophers, in which lie is followed by Epicurus, and 
many others after them, of the Epicurean and corpuf- 
cular philofophers. 

Among thofe who hold the Elements corruptible, 
fome will have only one, and fome feveral. Of the 
former, the principal arc Heraclitus, who held fire; 
Anaximenes, air ; Thales Mitefius, water; and Hcfiod, 

earth; ' 
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earth; as the only Element. Hdiod is followed by 
lkcrnardin, Telefius ; and Thales by many of the che- 
miils. 

Among tbofe who admit feveral corruptible Ele¬ 
ments, the principal arc the Peripatetic'); who, after 
their Fader Ariilotlc, contend for four Elements, viz, 
tire, air, water, and earth. Ariilotlc took the notion 
from Hippocrates ; Hippocrates from Pythagoras ; 
and Pythagoras, from Ocellus l-ucanus, who it feems 
was the firil author of it. 

The Cartcfians admit only three Elements, fire, air, 
#nd earth. See Cartfsian Phi/bfo/ihy. 

Newton obferves, that it feems probable that Cod, 
in the beginning, foimcd matter in folid, mafilve, hard, 
impenetrable, moveable particles, of fuch fixes and fi¬ 
gures, &c, as moll conduced to the end for which he 
formed them ; and that thefe primitive particles, being 
folids, are incomparably harder than any porous body 
compounded of them ; even fo hard as never to wear 
out ; no ordinary power being aide to divide what God 
made one in the firil creation. While the particles re¬ 
main entire, they may eompofe bodies of one and the 
fame nature and texture in all ages; but Ihould they 
wear away, or l)ieal; m pieces, the nature of things, 
depending on lin-m, would be changed; water and 
earth, computed of old worn particles, and fragments 
of particles, would not he of the fame nature and tex¬ 
ture now, with water and earth curupofedof entire par¬ 
ticles in the bejpnning. And therefore, that things 
may be tailing, the changes of corporeal tilings are to 
be placed only in the various reparations, and new’ af- 
foeiations and motions of tliofe permanent particles; 
compound bodies being apt to bleak, not in the midll 
of loll'd particles, but where tliofe particles are laid to¬ 
gether, anti only touch in a few points. It feems to 
him likewife, that tlieie particles have not only a vis 
inertia!, with the paflivc laws of motion thence rcfulting, 
but are alfo moved by certain active principles ; fuch 
ns gravity, and the caule of fomentation, and the co- 
hefion of bodies. 

Elf minis, u term alfo ufed for the firil grounds 
and principles of arts and feiences ; as the Elements of 
geometry, Elements of mathematics, S;c. Ho Euclid’s 
Elements, or limply the Elements, as they were an¬ 
ciently anel peculiarly named, denotes the trt*atife on the 
chief properties of geometrical figures by’ that author. 

The Elements of Mathematics have been delivered 
by feveral authors in their eourfes, fyItems, &c. The 
iiill work of this kind is that of 1 Icrigon, in Eat in and 
French, and publiihed in ififi.j., in to tomes; which 
contains Euclid’s Elements anel Data, Apollonius, 
Theodofms, See ; with the modern Elements of arith¬ 
metic, algebra, trigonometry, architecture, geography, 
navigation, optics, fphciics, adromuny, muhe, pcrfpec- 
tive, Sir. The work is remarkable for this, that a kind 
of rial and univerfal characters are ufed throughout; 
fo that the deinonllratioii8 may be underilood by fuch 
as only remember the characters, without any depen¬ 
dence on language or words at all. 

Since Herigon, the Elements of the feveral parts of 
mathematics have been alfo delivered by others; parti¬ 
cularly the Jefuit Schottus, in his Curfns Mathemati- 
ciis, in i f>74; Dc Chales, in his Curfus, 1674; Sir 
Jonas Mooie, iu his New Syllem of Mathematic*, iu 
. Vul. I. 


1681 ; Ozanam, in his Cour* de Mathcnvitique, in 
1699 ; Jones, in his Synopli; Palmariorum Matliefeot, 
in 1706; and many others, but above all, Chrift< 
Wolfius, or Wolf, iu his Elementa Mathefeos Univer- 
fie, in 2 vols 4to, the ill publifhed in 1713, and the 
2d in 1715; a very excellent work of the kind. An* 
other edition of the work was publifhed at Geneva, ih 
5 vol* 4*0, of the feveral dates 1.732, J 733, 1735* 
1738,and 1741. 

The Elements of Euclid, as they were the firfl, fo 
they continue ill'll the bell fyilem of geometry, are in 
15 books. There have been numerous editions and 
commentaries of this work. Prod us wrote a com¬ 
mentary on it. Orontius Fineus fiifl gave a printed 
edition of the firfl 6 books, in 1530, with notes, to ex¬ 
plain Euclid’s fenfe. Peletarius did the fame in 1557. 
Nic. Tartaglia, about the fame time, made a comment 
on all the 15 books, with the addition of many things 
of liis own. And the fame was alfo done by Billingficy 
in 1770; and by FlufTates Candalla, a noble French¬ 
man, in the year 1578, with conliderable additions as 
to the companion and inferiptions of folid bodies ; 
which work w r as afterwards republifhcd with a prolix 
commentary, by Clavius. Commandinc gave alfo a 
good edition of it. In 1703, Dr. Gregory publifhed 
an edition of the whole works of Euclid, in Greek and 
Eatin, including liis Elements. But it would be end- 
ids to relate all the other editions of thefe Elements, 
cither the whole, or in part, that have been given ; 
fome of the heft of which are thofe of De Chales, Tac- 
quet, Ozanam, Whifton, Stone, and moil efpecialty 
that of Dr. Rob. Simfon, of Glafgow. 

Other writer* on the Elements of Geometry are al- 
ntoft out of number, in all nations. 

Elements, in the Higher or Sublime Geometry, 
are the infinitely fmall parts, or differentials, of a right 
line, curve, furface, or folid. 

Elements, in Allronomy, are thofe principles de¬ 
duced from allronomical obfervations and calculations, 
and thofe fundamental numbers, which arc employed 
in the conltrutlion of tables of the planetary motions. 
Thus, the Elements of the theory of the fun, or rather 
of the earth, are his mean motion and eccentricity, with 
the motion of the aphelia. And the Elements of the 
theory of the moon, are her mean motion, that of the 
node and apogee, the eccentricity, the inclination of 
her orbit to the plane of the ecliptic ; &c. 

ELEVATION, the height or altitude of ant 
thing. 

Elevation, in Architcclurc, dppotes a draught or 
defeription of the principal face or fide of a building ; 
called alfo its upright or orthography. 

Elevation, in Allronomy and Geography, is va¬ 
rious ; as Elevation of the equator, of the pole, of a 
liar, &c. 

Elevation of the Equator, is the height of the 
equator above the horizon ; or an arc of the meridian 
intercepted lietwcen the equator and the horizon of I If? 
place.—The Elevation of the equator and of the pole 
together alw’ays make up a quadrant; the one being 
the complement of the other. Therefore, the Eleva¬ 
tion of the pole being found, and fubtracled from 90-', 
leaves the elevation of the equator. 

Elevation tf the Pole, is its height above the 

3 I horizon i 
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horizon ; or an arc of the meridian comprehended be¬ 
tween the equator and the horizon of the place. 

The elevation of the pole is always equal to the lati¬ 
tude of the place ; that is, the arc of the meridian in¬ 
tercepted between the pole and the horizon, is every 
where equal to the arc of the fame meridian intercepted 
between the eauator and the zenith. Thus the north 
pole is elevated 51° 31' above the horizon of London; 
and the diftance, or number of degrees, is the fame be¬ 
tween Loudon and the equator $ fo that London is 
alfo an 51 0 ji ' of north latitude. 

Elevation of a Star, or of any other point in the 
fphere, is the angular height above the horizon ; or an 
arc of the vertical circle intercepted between the liar 
and the horizon. The meridian altitude of any fuch 
point, or its altitude when in the meridian, is the greateft 
of alL 


nature that if two lines be drawn from -two certain 
points C and D in the axis, fig. 2, to any point E In 
the circumference, the fum of thofe two lines CE and 
DE will be every where equal to the feme conftant 
quantity, viz, the axis Ali. Or, fecondly, that it is 


Fig. 3. 


Fig. 4. 



Elevation of a Cannon, or Morlar, is the angle 
which the bore or the axis of the piece makes with the 
horizontal plane. 

single of Elevation, is the angle which any line of 
direction makes above a horizontal line. 

Elevation is alfo ufed by fome writers on Perfpcc- 
tive, for the feenographv, or pcrfpe&ivc representation 
of the whole body or building. 

ELLIPSE, or Ellipsis, is one of the conic fec- 
tions, popularly called an oval; being called an Ellipfe 
or Ellipfis by Apollonius, the firft and principal author 
on the conic feftiona, becaufc in this figure the fqtiarcs 
of the ordinates are left than, or drfrfiive of, the rect¬ 
angles under the parameters and abb-tires. 

This figure is differently defined by different au¬ 
thors ; either from fome of its properties, or from me¬ 
chanical conftruftion, or from the fe&ion of a cone, 
which is the bell and moil natural way. Thus ; 


Fig. m. 




a figure of fuch a nature, that the re&angle AG X GB 
(fig. 3) of the abfeiffes, tending contrary ways, is to 
GH* the fquare of the ordinate, as AB* to IK*, the 
fquare of the tranfvcrfc axis to the fquare of the conju¬ 
gate, or, which is the fame thing, as the tranfverfe 
axis is to the panmeter. And fo of other properties. 

3. Or the Ellipfe is alfo varioufiy deferibed from its 
mechanical conftruAions, which alfo depend on fome 
of its chief properties. Thus ; ill. If in the axis AB, 
there he taken any point I (fig. 4); and if with tl*e 
radii AI, BI, and centres F muff, tlie two foci, area 
be deferibed, thefe arcs will interfedk in certain point* 
E, E, r, *, which wiU be in the curve or circumference 
of the figure: and thus feveral points I being taken in 
the axis AB, as many more points E, e, &c, will be 
found; then the curve line drawn through all thefe 
points E, e, will be an Ellipfe. Or, thus; if there be 
taken a thread of the exaft length of the tranfverfe 
axis AB, and the ends of the thread be fixed by pins 
in the two foci F and /"; (fig. 5) then moving a pen 
or pencil within the thread, fo as to keep it always 
flretched out, it will deferibe the curve called an El¬ 
lipfe. 


Fig. 5- 


Fig. 6. 


*. An Ellipic is a plane figure made by cutting * 
me by a plane obliquely through the oppofite fides of 
ft $ or fo aa that fibe plane makes a lefs angle with the 
bale than the fide of the cone makes with it; as ABO 
Bg. t. 

The line AB conne&ing the nppermoit and lowefi 
points of the feftion, is the tranfverfe axis; the mid¬ 
dle of it C, is the centre; and the perpendicular to 
it DCE, through the centre, is the conjugate axis. 
The parameter, or latus re&um, is a 3d proportional to 
the tranfverfe and conjugate axes; and the foci are 
two points in the tranfverfe axis, at fuch equal diftanres 
from the centre, that the double ordinates palling 
through thofe pointy and perpendicular to the traiH- 
verfe, are equal to the parameter. 

2. The EHipfe is alio varioufiy deferibed from fome 
of its properties. A* &rft» That it is a figure of fuch a 
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To Confiruft an Ellipse. There are many other 
ways of defcribtng or conflnifting an Ellipfe, befides 
thofe juft now given : as 

rft. If upon the given tranfverfe axis there be de¬ 
feribed a circle AGB (fig. 6), tp which draw any ordi¬ 
nate DG, and DE a 4th proportional to the tranfverfe, 
the conjugate, and theordtiiatc DG'; then E is a-point in 
the curve. Or if the circle agb be. deferibed on the con¬ 
jugate axis ah, to which any ordinate dg is drawn, in 
which taking </E in like manner a 4th proportional to 
the conjugate, the tranfverfe, and ordinate dg, then 

{half 
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fliall E be in the curve. Or, having defcribed the two 
circles, and drawn the common radios C^G cutting 
them iir G and r ; then dgJL drawn parallel to the 
tranfverfe, and DGE parallel to the conjugate, the iit- 
terfe&ion E of thefe two lines will be m the curve of 
the cllipfe. And thus fevcral points E being found, the 
curve may be drawn through thou all with a Steady 
hand. 


Fig. 7. Fig. 8. 



2. If there he provided three rulers, of which the 
two GH and FI (tig. 7) are of the length of the Iranf- 
verfe axis LK, and the third l'G equal to HI the dif- 
tance between the foci'; then connecting thefe rulers fo 
as to be moveable about the foci H and I, and about the 
points F and G, their intcrfe&ion E will always be in 
the curve of the cllipfe ; fo that by moving the rulers 
about the joints, with a pencil palled through the flits 
made in them, it will trace out the Ellipfc. 


Fig. 9. 


Fig. 10. 




3. If one end A of any two equal rulers AB, DB, 
(fig. 9 and 10) which are moveable about the point 
B, like a carpenter’s joint-rule, be fattened to the ruler 
LK, fo as to be moveable about the point A ; and if 
the end D of the ruler 1 )B be drawn along the fide of 
the ruler l.K ; then any point E, taken in the fide of 
the ruler DB, will deferibe an cllipfe, wliofe centre is 
A, conjugate axis = tDE, and tranfverfe =s 
2AB + 2BE. 

Another method of description is by the Elliptical 
■Compafs. See that article, below. 

Some of the more Remarhahle Properties of the EUipfe. 
—•'I. The rectangles under the abl'ciffes arc propor¬ 
tional to the fquares of their ordinates ; or as the fquare 
of any axis, or any diameter, is to the fquare of its con¬ 
jugate, fo is the rectangle under two abfeifies of the 
former, to the fquare of their ordinate parallel to the 
latter; or again, as any diameter is to its parameter, 
fo is the 'fuid rectangle under two ahfeifles of that di¬ 
ameter, to -the fquare of their ordinate. So that if d be 


any diameter, c its conjugate, p its parameter = —, 

x the one abfeifs, d—x the other, and y the ordinate ; 

then, _ _ 

as d x : t* :: x . d—x : /, or </*y* = c*x . d — x ; 
or as d ip ax. d—x : y % , or dy x = px . d — x. 
From either of which equations, called the eqtiation 
of the curve, any one of the quantities may be found, 
when the other three are given. 

2. The funi of two lines drawn from the foci to meet 
in any point of the curve, is always equal to the tranf¬ 
verfe axis 5 that is, CE + DE = AB, in the *d fig. 
Confcquently the line CG drawn from the focus to the 
end of the conjugate axis, is equal to AI the ferri- 
tranfverfe. 


Fig. ti. 



3. If from any point of the curve, there be an ordi¬ 
nate to cither axis, and alfo a tangent meeting the axis 
produced; then half that axis will be a mean propor¬ 
tional between the distances from the centre to the two 
points of interfc&ion; viz, CA a mean proportional 
between CD and CT. And confequently all the tan¬ 
gents TE, TE, meet in the fame point of the axis 
produced, which are drawn from the extremities E, E, 
of the common ordinates DE, DE, of all Ellipfes de¬ 
fcribed on the fame axis AB. 

4. Two lines drawn from the foci to any point of 
the curve, make equal angles with the tangent at that 
point: that is, the 4 FET = 4 fEt. 

5. All the parallelograms are equal to each other, 
that are circumscribed about an Ellipsis ; and every 
fuch parallelogram is equal to the rectangle of the two 
axes. 

6 . The fum of the fquares of every pair of conju¬ 
gate diameters, is equal to the fame constant quantity, 
viz, the fum of the squares of the two axes- 

7. If a circle be defcribed upon either axis, and foot* 

any point in that axis an ordinate be drawn both to the 
circle and ellipfis; then Shall the ordinate of the circle 
be to the ordinate of the Ellipfc, as that axis is to the 
other axis : viz, * 

AB : ah 1; DG : DE, 
and ab : AB :: dg : d E. (in the 6th fig.) 

And in the fame proportion is the area of the circle to 
the area of the Elliple, or any corresponding Segment* 
ADG, ADE. Alfo the area of the Ellipfc is a mean 
proportional between the areas of the inScribcd and 
circumscribed circles. Hence therefore, 

8. To find the Area of an EUipfe . Multiply the two 
axes together, and that product by *7854, for the area. 
Or 

9. To find tie Area of any Segment ADE- Find the 

.3 I * area 
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urea of the cnrrefponding fegment ADG of a circle on 
the faint- diameter AB ; then fay, as the axis AB : 
its conj. ab : : tire. feg. ADG : elliptic fcg. ADE. 

IO. 7 a find the length of the whole circumference tf 
the liilipft. Multiply the circumference of the circttin- 
feribing circle by the futn of the feries 

. _ jl _ 3£ c, c 

2* 2 ■ 4* 2.4-6* 2 *4*6* 8* * 

for the area : where d is the difference between an 
unit and the fquare of the Id's axis divided by the fquare 
of the greater. 

Or, fur a near approximation, take the circumference 
of the circle whole diameter is an arithmetical mean 
between the two axes, or half thetr fum: that is, 


~ ^ C X 3-1416 = tlie perimeter nearly; being 

about the 2COth part too little ; where t denotes the 
tranl’verfe, and c the conjugate axis. 

Or, again, take the circumference of the circle, the 
fquare of whufe diameter is half the fum of, or an 
arithmetical mean between the fquares of the two axes: 

# / /* C* 

that is, V —-— X 3-1416 — the perimeter nearly ; 
being about the 2coth part too great. 


Hence combining thefe two approximate rules to¬ 
gether, the periphery of the Elliplc will be very nearly 
equal to half their fum, or equal to 

3*1416 /t+e . yt' -f c*\ .... 

— • ^ - X — + V — -— J , within about the 

30000th part of the truth. 

For the length of any particular arc, and many other 
parts about the Ellipfe, fee my Mensuration, pa. 283, 
tec, id edit. See aIfe my Conic Sc&ions, for many 
other properties of the Ellipfe, efpecially fuch as are 
common to the hyperbola alio, or to the conic fcdliwns 
in general. 

. Infinite Ellipses. Sec Elliftoidk. 

ELLIPSOID, is aH elliptical fpheroid, being the 
fblid generated by the revolution of an ellipfe about 
either axis. See Spheroid. 

ELLIPTIC or Elliptical, fomething relating to 
an ellipfe. 

Elliptic Comparer, or Elliptical Compafi, is.an 
inftrument for deicnbiiig clllpfcs at one revolution of 
the index, ft coniifts of a crofs ABGH (fig. 8.) 
with grooves in it, and an index CE, Hiding in dove¬ 
tail grooves; by which motion the end E delcribes the 
curve of an ellipfe. 

Elliptical. Conoid, is fometimes ufed for the 
Jpheroid. 

Elliptical Dial, an inftrument ufually made of 
brafs, with a joint to fold together, and the gnomon to 
fell flat, for the convenience of the pocket. By this 
inftrument are found the meridian, the hour of the day, 
the riling and fetting of the fen, &c. 

Elliptoiok, an infinite or indefinite ElUpfis, defined 


by the indefinite equation ay m “ — * n when 

m or n are greater than x : tor when they are each = 1, 
it denotes the common ellipfe. 

There ace feveral kinds ot degrees of Elliptoidcs, 
denominated from the exponent m + a of the ordinate y. 

7 


As the cubical Elliptoide, exprefled by py* a s 
bx *. a—x ; the biquadratic, or furfolid ay 4 = bx % . a — x* j 
&c. 

ELONGATION, in Aftronomy, the diftance of a 
planet from the fun, with refpedl to the earth; or the 
angle formed by two lines drawn from the earth, the 
one to the fun, and the other to the planet; or the arc 
incafuring that angle: Or it is the difference between- 
the fun’s place and the geocentric place of the planet. 

The Grealefl Elongation, is the greatefl dilfauce to 
which the planets recede from the fun, on either fide. 
Tliis i.i chiefly coniidcred iu the inferior planets, Venue, 
and Mercury ; the Greatefl Elongation of Venus being 
about 48 degrees, ami of Mercury only about 28 de¬ 
grees ; which is the reafon that this planet is fo rarely 
feen, being ufually loll in the light of the fun. 

EMBER-Zhiyj, are certain days obferved by the 
church at four different feafons of the year ; viz, the 
Wcdnefday, Friday, and Saturday next after Quadra- 
gefuna Sunday, or tlie ift Sunday in Lent ; after Wliit- 
lunday ; after Holyrood, or Holycrofs, the 14th day 
of September ; and after St. Lucy, the 13th day of De¬ 
cember. The name, it feems, is derived from Embers, 
or afhes, which it is fuppofed were flrcwed on the head, 
on thefe folemn fails. 

EMni R-/f6c/r, are lliofe weeks in which the Ember- 
days fall. Thtfe Ember-weeks are now chiefly no¬ 
ticed on account of the ordination of priefls and dea¬ 
cons ; becaufe the canon appoints the Sundays next 
after the Ember-weeks for the folonn times of ordi¬ 
nation ; though the hilltops, if they pleafe, may ordain 
on any Sunday or holiday. 

EMBOLIM2EAN, and Emjiolismic, IulercaUtry, 
is chiefly yfed iu fpcaking of the additional months in- 
ferted by clironologills to foim the lunar cycle of 19 
years. 

The 19 folar years confifling of 61939 days and la¬ 
bours, and the 19 lunar years only making 6726 days, 
it was found neceffaty to intercalate or infert 7 lunar 
months, containing 209 days ; which, with the 4 bii- 
fextile days happening in the lunar cycle, make 213 
days, and the whole 6939 days, the fame as the 19 folar 
years, which make the lunar cycle. 

Iu the courfe of 19 years there are 228 common 
moons, and 7 Embolifmic moons, which are diftributed 
in this manner, viz, the 3d, 6th, 9th, nth, 14th, 17th, 
and 19th years, are Embolifmic, and fo contain 384. 
days each. And this was the method of computing 
time among the Greeks: though they did not keep 
regularly to it, as it feems the Jews did. And the me¬ 
thod of the Greeks was followed by the Romans till. 
the time of Julius Cxfar. 

The Embolifmic months, like other lunar months, 
are fometimes of 30 days, and fometimes only 29 
days. 

The Embolifmic EpaSs are thofe between 19 and 29 ; 
which are fo called, becaufe, with the addition of the 
epadl 11, they exceed the number 30 : or rather, be¬ 
caufe the years which have thefe cpadls, are Embolif- 
mic ; having 13 moons each, the 13th being the Em¬ 
bolifmic. 

EMBOLISMUS, in Chronology, fignifies interca¬ 
lation. As the Greeks ufed the lunar year, which con¬ 
tains only 354 days, that they might bring it to the 
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fblar year, of 365 days, they had an F.nibolifm every 
two or three years, when they added a 13th lunar 
month. 

EMBOLUS, the moveable part of a pump or fy- 
linge; called alfo the pilton, and populaily the fucker. 
The pipe or barrel of a fyringe, &c, being clofc (hut, 
the embolus cannot be drawn up without a very confi- 
derable force; which force being withdrawn, the em¬ 
bolus returns again with violence ; owing to the greater 
pveffurc of air above than below it. 

EMBRASURE, in Architedlure, an enlargement 
of the aperture or opening of a door, or window, 
within fide the wall, doping back inwards, to give the 
greater play for the opening of the door, cafeinent, &c, 
or to take in the more light. 

Embrasures, in Fortification, are the apertures or 
holes through which the cannon are pointed, whether 
in cafematcs, batteries, or in the parapets of walls. In 
the navy, thefe are called port-holes. The Embrnfurcs 
are placed 12 or 15 feet apart from each other; being 
made doping or opening outwards, from 6 to 9 feet 
wide on the oulfide of the wall, and from 2 to 3 with¬ 
in, to allow the gun to traverfe from fide to fide. Their 
bafe is about 2 J, or 3 feet above the platform on the in- 
fide of the wall, but doping down outwards, f<> as to be 
only about i'J above it on the outfidc ; in order that 
the muzzle on ocenfion may be deprcffed, and fo the 
gun dioot low, or downwards. 

EMERGENT Tear , in Chronology, is the epoch, 
or date, from w'hence any people begin to compute 
their time or dates. So, our Emergent year is fome- 
times the year of the creation, but more ufually the 
year of the birth of Chrilt. The Jews tifed that of the 
Deluge, or the Exodus, &c. The Emergent year of 
the Greeks, was the beginning of the Olympic games; 
while that of the Romans was the date of the building 
of their city. 

EMERSION, in Aftronomy, is the rc-appcarancc 
of the fun, moon, or other planet, after having been 
cclipfed, or hid by the intergoiition of the moon, earth, 
or other body. 

The F.mcrfions and immerfions of Jupiter’s firll faiel- 
litc, are particularly ufeful for finding the longitudes 
of places ; the immerfions being obferved from Jupi- 
tei’s conjunction with the fun, till liis oppofition ; and 
the Emotions from the oppofition till the conjunction. 
But within 15 days of the conjunction, both before and 
after it, they cannot be obferved, heeaufe the planet 
and his fatellites are then Jolt in the fun’s light. 

Emersion is alfo ufed when a liar, after being hid 
hv the lun, begins to re-appear, and to get out of his 
rays. 

Minutes or Scruples of Emersion, an arc of the 
moon’s orbit, which her centre patios over, from the 
time fhe begins to emerge out of the earth’s fliadow, to 
the end of the eclipfe. 

Emersion, in Phvfics, the rffing of any folid above 
tbe fui face of a fluid that is fpcciiically heavier than 
the folid, into which it had been violently immergetl, 
or pufhed. 

It is one of the known laws of hydroftatics, that 
a lighter folid, being forced down into a heavier fluid, 
immediately endeavours to emeige; and that with a 
force equal to the excefs of the weight of a quantity of 


the fluid above that of an equal bulk of the folid. 
Thus, if the body be immerged in a fluid of double 
its fpecific gravity, it will emerge again till half itt 
bulk be above the furface of the fluid. 

EMERSON (William), a late eminent mathema* 
tician, was born in June X701, at Hurworth, a village 
about three miles fouth of Darlington, on the borders 
of the county of Durham ; at leal! it is certain that lie 
refided here from his childhood. His father Dudley 
Emerfon taught a fchool, and was a tolerable profi¬ 
cient in the mathematics; and without his books and 
inllrudlions, perhaps his foil’s genius, though eminent¬ 
ly fitted for mathematical lludies, might never have 
been unfolded. Belidc his father’s initru&ions, our 
author was alfiiled in the learned languages by a young 
clergyman, then curate of Hurworth, who was boarded 
at his father’s houfe. In the early part of hia life he 
attempted to teach a few fcholars: hut whether from 
his concife method (for he was not happy in explain¬ 
ing his ideas), or the warmth of his natural temper, 
he made no progiefs in his fchool; he therefore form 
left it off; and iatisfied with a moderate competence 
left him by his parents, he devoted himfclf to a ffudi- 
ous retirement, which he thus clofely purfued, in the 
fame place, through the courfe of a long life, being 
moflly very healthy, till towards the latter part of his 
days, when he' was much afflitted with the lione. To¬ 
ward the clofe of the year 1781, being feniible of his 
approaching di(Volution, he difpofed of the whole of his 
mathematical library to a hookfcller at York ; and on 
May the 20th, 1782, hia lingering and painful diforder 
put an end to his life at his native village, being near 81 
years of age. 

Mr. Emerfon, in his perfon, was rather fhort, but. 
ftrong and well made, with an open countenance and 
ruddy complexion, being of a healthy and hardy dif- 
polition. He was vi ry lingular in his behaviour, 
drefs, and converfation. His manner and appearance 
were that of a rude and rather boorifh country man ; 
he was of very plain converfation, and indeed feeming- 
ly rude, commonly mixing oaths in his feiitences, 
though without any ill intention. He had ftrorg good 
natural mental parts, and could Jifeiiurfe fcnfibly on 
any fubjeCl, but was always politi,v and impatient of 
any contradiction. He lpent his whole life in clofe 
itudy, and writing books, from the profits of which, 
he redeemed his little patrimony from fume original in¬ 
cumbrance. In his drefs he was as (mgular as in every¬ 
thing die. He poiieffrd commonly but one fuit of 
clothes at a time, and thole very old in their n;'- 
pearanee. He ictdoin cud-a wailteoal : and his coat 
he wore open betere, except the lower bull on ; ami 
his (hirt quite the reverie of one in common ule, the 
hind-fide turned foreumit, to cover Iv - bread, and but¬ 
toned clofe at the collar behind. He wore a hind of 
rufty coloured wig, without a crooked hair in it, which 
probahlv had never been tortured with a comb from tbe 
time oi its being made. A hat he would make to lab¬ 
ium the bed part of a life lime; gi.''dually leMenimv 
the flaps, bit by bit, a; it loil its olnflicity and hung 
down, till little or noLliing bul the mown remained. 

He often walked up !<> London when he had any 
book to be puh-lifiicd, lvviiing llu-et by (licet himfclf:— 
tiulling no eye but hi> own was ahvavs a favourite 
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maxim with him. In mechanical fuhje£ts, he always 
tried tlic pA»j>oiij inns pra&ieally, making all the differ¬ 
ent parts himkit on a final! Icale; l'o that his houfe 
was tilled with all kinds of mechanical inffruments, to- 
githcr or disjointed. lie would frequently Hand up to 
in's middle .n water while li filing ; a diverlion lie was 
rematkably loud of. lie uled to lludy incedantly for 
fotr.e time, and then for relaxation take a ramble to any 
j.ot-aleluude viicrc he could get any body to drink 
with and toik. to. The late Mr. Montagu was very 
kind to Mr. ltnncrfon, ami often vifited him, being 
plcitfed with his converfntion, and ufed often to come 
to h:tn in the fields where lie was working, and accom¬ 
pany him home, but could never perfuade him to get 
into a carriage : on thefe occalions he would fometitnes 
exclaim, “ Damn your whim-wham! I had rather 
walk.” He v.as a married man, and his wife ufed to 
ipin on an old-f<i(hioncd,wheil, of his own making, a 
drawing of which is giien in his Mechanics. 

Mr. Kmeifun, from his llvoiig vigorous mind and 
Hole application, had acquired a deep knowledge of 
all the blanches of mat hematics and phyfics, upon all 
parts of which he wrote good treatiles, though in a 
lough and uupoliihed Ityte and manner. He was not 
leir.nrkable however for genius or difeovcrics of his 
own, as his works lhew hardly any traces of original 
invention, hie was well Ikillcd in the fcience of tnulic, 
the theory of founds, and the various fcalcs both an¬ 
cient and modern ; but he was a very poor performer, 
though lie could make and repair fome inliruments, 
and sometimes went about the country tuning harpfi- 
chnrds. 

The following is a lift of Mr. F.mcrfon’s works ; 
all of them printed in Kvo, excepting his Mechanics 
and his Increments in 410, and his Navigation in 1.2mo. 

1. The Dodlrinc of Fluxions.—2. The Projection of the 
Sphere, orthographic, ftereographic, and gnnmonical. 
—3. The Elements of Trigonometry.—4. The Prin¬ 
ciples of Mechanics.—3. A Treatifc of Navigation on 
the Sea.—6. A Trealm on Arithmetic.—7. A Trea¬ 
tise on Geometry.—S A Treatifc of Algebra, in 2 
books.—9. The Method of Increments.—10. Arith¬ 
metic of Infinites, and the Conic Sections, with Other 

Curve Lines-- Elements of Optics and Perfpec- 

tive.—12. AUtonomy.—13. Mechanics, with Centri¬ 
petal and Centrifugal Forces.—14. Mathematical Prin¬ 
ciples of Geography, Navigation, and Dialling.—15. 
Commentary on the Prinapia, with the Defence of 
'Newton.—1-6. Traffic—17. Mifctllanies. 

Eminkntial Equation, a term ufed by fomc algc- 
braifts, in the inveftigation of the- areas of curvilincal 
figures, for a kind of aflumed equation that contains 
another equation Eminently, the latter being a parti¬ 
cular cafe of the former. Hayes’s Flux. pa. 97. 

ENCEINTE, a French term, in Fortification, fig- 
nitying the whole indofure, l iteumferenc*, or compafs 
of a fortified place, whether built with Rone or brick, 
or only made of earth, and whether with or without 
bullions, &c. 

ENCYCLOPAEDIA, the circle or chain of arts 
and fcienccs} fometimes alto written Cyclopaedia. 

ENDECAGON, a plane geometrical figure of 
eleven fidcs and angles, othervvife called Undecagon. If 
^asch fide of this figure be i, its area will be 9"3656399 


as V the tang, of 73^ degrees, to the ndiut t» 
See my Meufuration, pa. 114, &c, 2d edit. See alfo 
Regular 1Figure. 

ENFILADE, a French term, applied to thofe 
trenches, and other lines, that are ranged in a right 
line, and fo may be fcoured or fwept by the cannon 
lengthways, or in the direction of the line. 

To Enfilade, is to fweep lengthways by the firing 
of cannon, See. 

A Battery //’Enfilade, is that where the cannon 
fwtep a right line. 

A Pojl, or Command //Enfilade, is a height from 
whence a whole line may be fwept at once. 

ENGINE, in Mechanics, a compound machine, con¬ 
fiding of fcveral fimple ones, as wheels, ferews, levers, 
or the like, combined together, in order to lift, call, 
or fullain a weight, or produce fome other confidcrablc 
effedt, fo as to lave either force or time. 

There are numbcrlefs kinds of engines; of which 
fome are for war, as the Baliila, Catapulta, Scorpio, 
Aries or Ram, &c; others for the arts of peace, as 
Mills, Cranes, Prelfes, Clocks, Watches, Sic, dec. 

ENGINEER, or Ixcineer, is applied to a con¬ 
triver or maker of any kind of ufcfui engines or ma¬ 
chines ; or who is particularly /killed or employed in 
them. And he is denominated cither a civii or mili¬ 
tary Engineer, according as the objects of his profellion 
refpedt civil or military purpofes. 

A military Engineer fhould be an expert mathema¬ 
tician and draughtftnan, and particularly verfed in for¬ 
tification and gunnery, bang the perlbn officially em¬ 
ployed to direct the operations both for attacking and 
defending works. When at a fiege the Engineers have 
narrowly furveyed the place, they are to make their 
report to the general, or commander, by' acquainting 
him which part they judge the vveakell, and where ap¬ 
proaches may be made with moil fuccefs. It is their 
bufinefs alfo to draw the liues of circumvallation and 
contravallation ; alio to mark out the trenches, place* 
of arms, batteries, and lodgments, and in general to 
diivCt the workmen in all fuch operations. 

FiNGONASIS, in Aftronomy, the fame as Hercu¬ 
les, one of the northern conftellations; which fee. 

ENGYSCOPE, the fame as Microscope. 

ENHARMONIC, the laft of the three kinds of 
mufic. It abounds in diefes, or the lead fenfiblc di- 
vifions of a tone. See Philof. Tranf. number 481 ; alfo 
Wallis Appendix adPtnlom. pa. 165, 166. 

ENNlfADECATERIS, in Chronology, a cycle or 
period of 19 folar years, being the fame as the Golden 
Number ana Lunar Cycle, or Cycle of the Moon | 
which fee; as alfo Emboi-ismic. 

ENNEAGON, a plane geometrical figure of 9 fide* 
and angles; and is othervvife called a Nonagon. If 
each fide of this figuie be 1, its area will be 6*1818242 
— y of the tang, of 70 degrees, to the radius 1. See 
my Mcnfuration, pa. 114, 2d edit. See alio the article 
Regular Figure. 

ENTABLATURE, in Archheaure, is that part 
of an order of column which is over the capital, com¬ 
prehending the Architrave, Frize, and Corniche. 

Entablature, or Entablement, is fometimea 
alfo ufed for the laft row of Hones on the top of th« 
wall of a building, on which the timber and cover¬ 
ing . 
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ftig red; fometimes alfo called the Drip, becaufe it 
projedts a little, to throw the water off. 

ENVELOPE, ill Fortification, is a mound of earth, 
fometimes raifed in the ditch of a place, and fometimcs 
beyond it, being either in form of a Angle parapet, or 
of a fmall parapet bordered with a parapet. Thefe 
Envelopes are made only to cover weak parts with 
Angle lines, without advancing towards the field, which 
cannot be done without works that require a Threat 
deal of room, fuch as horn-works, half-moons, &c. 
Envelopes are fometimes called Siilons, Contregards, 
Confer ves. Lunettes, &c. 

ENUMERATION, a numbering or counting. 
Sir li'aac Newton wrote an ingenious treatife, being an 
Enumeration of the lines of the 3d order. 

EOLIP 1 LK. See A£olipii.b. 

EPACT, in Chronology, the excefs of the folar 
month above the lunar fynodical month ; or of the fo¬ 
lar year above the lunar year of 12 fynodical months ; 
or of feveral folar months above as many fynodical 
months; or of feveral folar years above as many dozen 
of fynodical mouth*. 

The Epadts then are either Annual or Menftrual. 

Men/lrtial Epacts, are the cxceffes of the civil ca¬ 
lendar month above the lunar month. Suppofe, for 
example, it were new moon on the firft day of January: 
then fince the month of January contains 31 days, 

and the lunar month - 2y^’ X2 h 44 m 3’; 

the menftrual Epaft is - 1 11 15 57 

Annual Epacts, are the cxc. ffes of the folar year 
above the lunar. Hence,. 

as the Julian folar year is 365^’ 6 h o m O s , 
and the Julian lunar year 354 8 48 38, 

Ihe annual lpadt will be r.o 21 11 22, 
that is, almoft 11 days. Confequently the Epadt of 
2 years, is 22 days; of 3 years, 33 days ; or rather 
3, fince 30 days make an embolifmic, or intercalary 
month. Then, adding ftill 11, the Epadt of 4 years 
is 14 days; and fo of the reft as in the following table, 
where they do not become 30, or o again, till the 19th 
year ; fo that at the 20th year the Epadt is 11 again; 
and hence the cycle of Epadts expires with the Golden 
Number, or Lunat Cycle 0/19 years, and begius with 
the fame again. 


TTaelk of Julian EpaHs . 

j Golden 
| Numb. 

Fpsfts 

22 

3 

H 

*5 

6 

*7 

Golden 

Numb. 

viTT 

IX 

X 

XI 

XII 

XIII 

XIV 

EpaSi 

Golden 

Numb. 

Epadf 

I 

.11 

III 

IV 

V 

VI 

VII 

28 

9 

20 

■ 1 

12 

*3 

4 

XV 

XVI 

XVII 

XVIII 

XIX 

*5 

26 

8 

*9 

30 

or 0 


Again, as the new moons are the fame, or fall on 
the lame day, every 19 years, fo the difference between 
the folar and lunar years is the lame every 19 yems. 
And becaufe the faid difference ia always to be added 
to the lunar year, to adjuft or make it equal to the folar 


year 5 hence the faid difference refpedtively belonging 
to each year of the moon’s cycle, Is called the Epacl of 
ihe faid year, that is, the number to be added to the 
faid year, to makr it equal to the folar year. Upon 
this mutual refpedt between the cycle of the moon and 
the cycle of the Epidts. is founded this 

Rule for fueling the Julian Epatl, belonging to any 
year oj the Moon's Cycle. 

Multiply the Golden Number, or the given year of 
the Moon’s Cycle, by 11, and the product will be the 
Epadt if it be lefs than 30 ; hut if it exceed 30, then 
throw out as many 30’s as the product contains, and 
the remainder will be the Epadt. 

Rule to fnd the Gregorian Epatl. 

1 ft. The difference between the Julian and Grego¬ 
rian years being equal to the difference between the 
folar and lunar ycai, or n days, therefore the Grego¬ 
rian Epadt for any year is the fame with the Julian' 
Epadt for the preceding year; and hence the Grego¬ 
rian Epadt will be found, by fubtradting 1 from the 
golden number, multiplying the remainder by 11, and 
rejecting the 30’s. This rule will fenre till the year 
1900; but after that year, the Gregorian Epadt will 
be found by this rule : Divide the centuries of the given 
year by 4; multiply the remainder by 17 j then to this 
produdl add 43 times the quotient, and alfo the num¬ 
ber 8 (>, and divide the whole fum by 25, referving the 
quotient: next multiply the golden number by 11, and 
from the produdl l’ubtrndl the reserved quotient, fo flrnll 
the remainder, after rejedting all the 3o’s contained in 
it, be the F padt fought. 

The following table contains the Golden Numbers, 
with their correlponding Epadts, till the year 1900. 



Taklr of Gregorian 

Epacts. 


Cloldcn 

Numb. 

E r «fe 

J Golden 

1 Numb. 

EpaQi j 

Goldrn 

N uinb. 

Ep*(*u 

1 

O 

I VIII 

17 

XV 

4" 

11 

11 

IX 

28 i 

XVI 

15 

1 LI 

22 

X 

9 

XVII 

26 

IV 

3 

XI 

20 

XVI 11 

7 

V 

14 

XII 

1 

XIX 

18 

VI 

25 

XIII 

12 

I 

0 

VII 

6 

XIV 

23 




Ou the fubjedt of Epadts, fic Woliius’s Elements 
Chronologic, apud Opera, lorn. 4, pa. 133 ; alfo 
Philof. Tranf. vol. 46. pa. 41.7, or numb. 495, art. 5. 

EPAUL*', or Espaoui;, in Fortification, the 
fhoulder of the bail ion, or the angle made hv the face 
and flank, otl.i . wife culled the Angle of the Epnule. 

EPAUL' MLjiT, hi Fortification, a fitk-work 
haltily thrown up, to vo.tr the cannon or the men; 
and is made either of cun It thrown up, or bags filled 
with earth or land, or o i gabions, or fufu'nes, &c, with 
earth; of which latter fort art commonly the Fpaule- 
nients of die places of arms for the citvuhy behind the 
trenches. 

Epaulement, is alfo ufed for a demi-bailion, con- 




E P I 


EPI 


[ 43 * 3 


fitting of a face and flank, placed at the point of a 
horn-work or crown-work. Alio for a little flank 
added to the (ides i:f horn-works, to defend them when 
they ere too Ion". Alto tor the redoubts made on a 
right lint, to fortify it. And laftly, for an oriilon, or 
ruafs of earth almott fquarc, faced and lined with a 
wall, and dcligned to cover the cannon of a calemate. 

EPHEMERAS, ErurMi'Kiut's, tables calculated 
by aftronomers, fhewing the prefvnt Halt of the hea¬ 
vens for every dav at noon ; that is, the places in 
which all the plan ts are found at that time; differing 
but little from a;: llronomical Almanac. It is from 
fuch tables as their that the cclipfis, conjunctions, and 
afpecls of the planets are made out ; as alfo horofcopcs, 
or releRial fehentes, conttruded, cvc. 

There have been F ph-mender of Origan, Kepler, 
ArgcJi, Heckcrus, Mc/.^.iraciiis, Wing, Cadbury, 
Parker, De la Hire, &c. 

In France the Academy of Sciences have pnhliflied 
annually, from the beginning of thepnfent century, a 
kind of Fpbrmeris, under the title of Connoifiiince des 
Temps, which is flill continued, and is in great cll.vm ; 
as arc alfo the Epberocrides, puMiflied theie even- ten 
years, by M. Delplaccs, and Do la Lande. 

There are now publilhed fuch Ephcmerides by the 
Academies of feveral other nations ; but that which 
is in molt efleem for its accuracy and ufc in finding 
the longitude, is the Nautical Almanac, or Altrnno- 
tnical Ephcrneris, publiflied in England by the Board 
of Longitude, undei; the direction of the Rev. Dr. 
Malkclyne, Aftronomer Royal, which commenced with 
the year 1767. 

EPICHAlvMDS, an ancient poet and philofophcr, 
horn in Sicily, was a fcholar of Pythagoras, and flou- 
rilhed in the time of Iliero, in whole reign it is find he 
introduced comedy at Syractife. He wrote alfo trea¬ 
ties concerning philofophy and medicine ; but none of 
his works have been preferred. He died at yo years of 
uge, according to Laertius, who has preferred four 
verfes inferibed on his itatue. 

EPICURUS, a celebrated ancient philofophcr, was 
born at Gargcttium in Attica, in the 109th Olympiad, 
or about 340 ytars before Chrifl. He fettleil at 
Athens in a fine garden lie h id bought ; where he lived 
with his friends in much tranquillity, and educated a 
great number of diiciples; who lived all in common 
with their matter. His fcliool was never divided, but 
his doctrine was followed as an oracle; and the refpect 
which his followc! s paid to his memory is admirable ; 
ins birth day being A ill kept in Pliny’s time, and eveu 
the very month he was born in obferved as a conti¬ 
nued fellival, and iiis pi£l tire placed every where. He 
wrote a great many books, and valued himfelf upon 
making no quotations. He raifed the atomical fyftem 
to great reputation, though he was not the inventor of 
it, but only made fume change in that of Democritus. 
As to his doctrine concerning the fupreme good or hap- 
pinefs, it wan very liable to be mif'-eprefi-itetl, and fome 
«1 eff’efts proceeded from thence, winch diferedited 
his feA, tliough undefervedly. He was rharged with 
perverting the worftiip of the gods, and inciting men 
to debauchery. But he did not foiget hiinfe'f on this 
ocrafion : he publifhtd his opinions to the whole vvorld ; 
wrote fome books of devotion ; recommended the ve¬ 


neration of the gods, fobriety, and chaftity, living id 
an < \ mplary manner, and conformably to the rules of 
phil. ifophicul wifdom and frugality. He died of afup- 
prtiiiou of uriue, at 72 years of age.—Gaflendus has 
gi ven us all he could collect from tiie ancients con¬ 
cerning the perfon and dodtrine of this philofophcr. 

Eimcurfan Philofophy, the doctrine, or fyilem of 
philofophy maintained by Epicurus and his followers. 
Tiiis confided of three parts ; canonical, phyfieal, and 
ethical. The firil rcfpc&ed the canons or rules of judg¬ 
ing ; in which foundnefs ami fimplieity of fenl’e, af- 
filled by fome natural rcfle&ions, chiefly formed his 
art. 1 lis fearch after truth proceeded only by the 
fenfes; to the evidence of which he gave fo great a 
certainty, that he confidcrcd them as an infallible rule 
of truth, and termed them the Firil natural light of 
mankind. 

In the 2d part of his philofophy he laid down atoms, 
fpaee, and gravity, as the firil principles of all things, 
lie afi’erted the cxi Hence of God, whom he accounted 
a blefcd immortal being, but who did not concern iiim- 
feli with Iniman affairs. 

As to his ethics, lie made the fupreme good of man to 
confiit in plenfure, and confeqnently fupreme evil in 
pain. Natuie ilfelf, fays he, teaches usthis truth ; and 
prompts u.. from, our birth to procure whatever gives u-- 
plcafitre, and avoid what gives us pain. To this end 
lie propofes a remedy againll the tharpnefs of pain, 
wliich was to divert the mind from it, by turning our 
whole attention upon the ph-ufurcs we have formerly en¬ 
joyed. He held that the wife man mull be liappv, a 1 
long as lie is wife : the pain, not depriving him of bin 
wifdom, cannot deprive him of his happinefs: from 
which it would feem that his plcafure eonfiilcd rather 
in intellectual than i,i fcufual enjoyments : though this 
is a point flronglv con tolled. 

EPICUREANS, the fed of philofophers holding 
or following the principles and dodrine of Epicurus. 
As the nature of the pleafure, in which the chief h.ip- 
pinefs is fuppofed to be feated, is a great problem 111 
the morals of Epicurus, there hence a rife two kinds of 
Epicureans, the rigid and the remifs : the firil were 
thole who underttood Epicurus’s notion of plcafure in 
the heft fenfe, and placed all their happinefs in the pure 
plenfures of the mind, arifitig from the pradicc of vir¬ 
tue: while the loofe or remits Epicureans, taking the 
words of that philofbpher in a giofs fenfe, placed ail 
their happinefs in bodily plcafurcs or debauchery. 

EPICYCLE., in the ancient ailronomy, a little cir¬ 
cle having its centre in the circumference of a great Cl¬ 
one: or a fmall orb or fphcrc, which being fixed in the 
deferent of a planet, is carried along with it, and yet, 
by its own peculiar motion, carries the planet fattened 
to it round its proper centre. 

It was by means of Epicycles that Ptolomy and liij 
followers folved the various phenomena of the pla¬ 
nets, but more cfpeciully their flat ions and retrograda- 
tious. 

EPICYCLOID, is a curve generated by the revo¬ 
lution of a point of the periphery of a circle, which 
rolls along or upon the circumference of another circle, 
either on the convex or concave fide of it. 

When a circle rolls along a flraiglit line, a point in 
ita circumference deferihes the curve called a cycloid. 

But 
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But if, inflcad of the right line, the circle roll along 
the circumference of another circle, either equal to the 
former or not, jhen the curve deferibed by any point 
in its circumference is what is called the Epicycloid. 

If the generating circle roll 
along the convexity of the circum¬ 
ference, the curve is called an Ity¬ 
per, or Exterior Epicycloid j hut 
if along the concavity, it is called y 
si J.ower, or Interior Epicycloid. 

Alfo the circle that revolves is 
called the Genrnmt ; and the arc 
of the other circle along which 
it resolver., is called the /hift- of 
the Epicycloid. Tims, ABC or 
BLY is the Gtnerant; DPVE the Exterior Epicy¬ 
cloid, its axis BV; 1 )PUE the Interior Epicycloid ; 
ami JD 13 E their common Bafe. 

For the J.en-' th of the Curve. 

The length of any part of the curve of an Epicy¬ 
cloid, which any given point in the revolving circle has 
deferibed, from the pofitinii where it touched the cir¬ 
cle upon which it revolved, is to double the veiled fide 
of half the are which all the lime of revolving touched 
the quiefeent circle, as the film of the diameters of the 
circles, ie to the fnnidianuter of the quiefeent circle 
in tin. Exterior Cycloid ; or as the difference oi the 
diameters is to that femidiamclcr, for the Interior 
one. 

For the sired of the F.pi.wluitl. 

Dr. Halley lias givm a general propofition for the 
mealuring of all ejeloids and Epicycloids: thus, the 
area of a cveloid, or Epicycloid, either primary, or 
contraftcd, or prolate, is to the area of the generating 
circle ; and alfo the areas of the parts generated in 
thole curves, to the areas of analogous fegments of the 
circle; astlielumof double the velocity of the centre 
and the velocitv of the circular motion, is to this velo¬ 
city of thee rcular motion. See the Dcmonllr. in the 
I’hilof. Tranf. number 218. 

Spherieti! Ericvci.oins are formed by a pi int of the 
revolving circle, when its plane makes a contlant angle 
with the plane of the circle on which it revolves. 
Mcfiis. Bernoulli, Maupertuis, Nicole, and Clairaut, 
have demonilrated fevcral properties of tlieie Epicy¬ 
cloids, in Hill. Acad. Sci. for 1732. 

PniiiLoIic, F.'/ftir, Si c. Epicycloids. 

If a parabola roll upon another equal to it ; its fo¬ 
cus will defc-rib'- a right line perpendicular to the axis 
of the quiefeent parabola : alfo the vertex of the rolling 
parabola will delcribr the ciflhid of Dioelcs ; and any 
other point of it will deferibe foint- one of New ton’s de¬ 
fective hypcibolas, having a double point in the like 
point of the quiefeent parabola. 

In like manner, if an cllipfe revolve upon another 
cllipfc, equal and fimilar to it, its focus will deferibe a 
ciicle, whofc centre is in the other focus, and confe- 
quently the radius is equal to the axis of the ellipfis ; 
and any other point in the plane of the cllipfe will de- 
leribc a line of the 4th order. 



The fame may be faid alfo of an hyperbola, revolv¬ 
ing upon another, equal and fimilar to it; for one of the 
foci will deferibe a circle, having its centre in the other 
focus, and the radius will he the principal axis of the 
hyperbola ; and any other point of the hyperbola will 
ddcribe a line of the 4th order. 

Concerning th.-fe line:;, lcc Newton’s IVincipia, lib. 
1 ; alfo De la Hire’s Mensoi.-e:, dc Mathcmatique Sc c, 
where he /hews the nature of this line, and its ufe in 
Mechanics ; fee alfo Maclauiin’s Gcometria Orga¬ 
nic.!. 

EPIPHANY, achri'lfan feflival, otherwife called the 
Manifeltation of Chriil to the Gentiles, ohferved on 
the 6th of January, in honour of the appearance of 
our iSaviourto the three magi or wife men, who came 
to adore him and bring him prcfents. 

EPISTYLE, in the ancient Architecture, a term 
ufed by the Greeks for what we tail Architrave, 
viz a mallive /tone, ora piece of wood, laid immediately 
over the capital of a column. 

EPOC HA, or Epoch, a term or fixed point of 
time, from whence the fuccceding years are numbered 
or reckoned. 

Different nations make ufe of different Epochs. 
The chriilians chiefly ufe the Epoch of the nativity or 
incarnation of Jefus Clirifl; the Mahometans, that of 
the Hegira ; the Jew s, that of the creation of the 
world, or that of the Deluge ; the ancient Greeks, 
that of the Olympiads ; the Romans, that of the build¬ 
ing of their city ; the ancient Pcriians and Affyrians, 
that of Nabonaffar ; See. 

The doctrine and ufe of Epochs is of very great ex¬ 
tent in chronology. To reduce the years of one 
Epoch to thofe of another, i. c. to find what year of 
one correfponds to a given year of another ; a period 
of years has been invented, which, commencing before 
all the known Epochs, is, as it were, a common recep¬ 
tacle of them all, called the Julian Period. To this 
period ail the Epochs are reduced; i. e. the year of 
this period when each Epoch commences, is determin¬ 
ed. So that, adding the given year of one Epoch to 
the year of the period correfpotiding with its rile, and 
from the futn fubtrafting the year of the fame period 
correfponiling to the other Epoch, the remainder is 
the year of that other Epoch. 

Epoch of Chrifl , is the common Ejmeh throughout 
Europe, commencing at the ftippofed time of our Sa¬ 
viour’s nativity, December 25 ; or rather, according 
to the ulual account, from his circumciflon, or the lit 
of January. The author of this Epoch was an Ab¬ 
bot of Rome, one Diouyfius Exiguus, a Scythian, 
about the year 507 or J27. Dioiiyfius began his ac¬ 
count from the conception or incarnation, ulually call¬ 
ed the Annunciation, or Lady Day ; which method 
obtained in the dominions of Great Britain till the 
year 1752, before which time the Dionyiian was the 
lame astheEnglifh Epoch: but in that year the Gre¬ 
gorian calendar having been admitted by aft of parlia¬ 
ment, they now reckon from the firlt of January, as 
in the other parts of Europe, except in the court of 
Rome, where the Epoch of the Incarnation Hill obtains 
for the date of their bulls. 
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A T A B L E of the Tears of the moft remarkable Epochs or Eras and Events. 


N. B. The years before Chrift, are thofe before the reputed year of his birth, 
and not reckoned back from the firft year of his age, as is generally done 
in fuch tables. 


The Creation of the World 

The Deluge, or Noah’s flood - 

Aflyrian monaichy founded by Nimrod 

The birth of Abraham 

Kingdom of Athens founded by Cocrops 

Entrance of the Ifraelites into Canaan 

The deftruclion of Troy 

Solomon’s temple founded 

The Argonautic expedition 

l.yeurgus formed his laws 

Arbaces, ill king of the Modes 

Olympiads of the Greeks began 

Rome built, or Roman Era 

Era of Nahonaflar - 

Firll Babylonilh captivity, by Nebuchadnezzar 

The 2d ditto, and birth of Cyrus 

Solomon’s temple deilroved 

Cyrus began to reign in Babylon 

Pcloponnefian war began 

Alexander the great died 

Captivity of 100,000 Jews by Ptolomy 

Archimedes killed at Syracufe 

Julius Casfar invaded Britain 

He corrected the calendar 

The true year of Chrill’s birth 


Julian 

Period. 

Year of the 
Wcrld. 

706 

O 

2362 

1656 

2537 

**3 1 

2714 

2008 

3*57 

2451 

3262 

2556 

3529 

2823 

3701 

2995 

377 ^ 

3070 

3829 

3 1 °3 

3 * 3 * 

3*32 

393 * 

3232 

396 i 

3255 

39<>7 

3261 

4107 

340 * 

4114 

3408 

4 * 2 $ 

34*9 

4*77 

347 * 

4282 

3 5 76 

4390 

3684 

4393 

3687 

4506 

3800 

4659 

3953 

4667 

396* 

4709 

4003 


The Chriflian Era begins here. 


Dionyfian, or vulgar era of Chrill’s birth - 

Clirilt crucified, Friday April 3d - - 

Jcrufalem deftroyed - - .... 

Adrian’s wall built in Britain - - - 

Dioclefian Epoch, or that of Martyrs .... 

The council of Nice - - - 

Conftantinc the great died - - ... 

The Saxons invited into Britain - - 

Hegira, or flight of Mohammed - - 

Death of Mohammed ...... 

The Perfian Yefdegird ------ 

Sun, Moon, and Planets , H , cf, $> , $ in feen from the earth 
Art of printing difeovered .... 

The reformation begun by Marlin Luther - - - 

The Calendar corrected by pope Gregory ..... 

Oliver Cromwell died - - - 

Sir Ifaac Newton born, Dec. 25 - 

Made Prefident of the Royal Society - 

Died, March 20th ... . - 

New Planet difeovered by Herfchel ... 


4717 

4746 

47^3 

4*33 

4997 

5 ° 3 * 

5050 

5158 

5335 

5343 

5344 
5*99 
61 53 
6230 
6295 
6371 

6 355 

6416 


4007 

4040 

4077 

4127 

4291 

4332 

4344 

4452 

4629 

4637 

4638 

5*93 
5447 
5524 
55*9 
5665 
5649 
5710 
57 


EQUABLE 
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EQUABLE Motion, Celerity, Velocity, &c, is 
that which is uniform, or without alteration, or by 
which equal fpaces are paffed over in equal times. Hence, 
the fpaces, puffed over in Equable motions, are propor- 
tional to the times. So that if a body pafs over 20 
feet iti 1 fecond of time, it will pals over 40 feet in 2 
feeonds, and fo on. 

Equably Accelerated or Retarded, Sc c, is when the 
motion or change is incrcafcd or dccreafcd by equal 
quantities or degrees in equal times. 

EQUAL, a term of relation between different 
things, but of the fame kind, magnitude, quantity, or 

quality. - Wolfi us defines Equals to be tliofe things 

that may be fubllituled for each other, without any 
alteration of their quantity.—It is an axiom in mathe¬ 
matics See, that two things which are equal to the 
fame third, arc alfo equal to each other. And if 
Equ als be equally altered, by Equal addition, fub- 
traelion, multiplication, divilion, &c, the rcfults will be 
alfo Equal. 

Equal Circles, are thofc whofe diameters are 
equal. 

Equal Angles, arc thofc whofe fides are equally in¬ 
clined, or which are meafured by iimilar arcs of circles. 

Equal Lines, are lines of ihe fame length. 

Equal Plane Figures , arc thofc whofe areas arc 
equal ; whether the figures be of the fame form or 
not. 

Equal Solids , are fucli as are of the fame fpacc, ca¬ 
pacity, or folid content ; whether they be of the 
fame kind or not. 

Equal Curvatures, arc fuch as have the fame or 
equal radii of curvature. 

Equ a l Ratios, are thofc whofe terms are in the fame 
proportion. 

Equal, in Optics, is faid of things that are feen 
under equal angles. 

E( VUA LITY, the exaCl agreement of two things 
in rifpiC-t of quantity. Tliofe figures are equal which 
may occupy the fame fpacc, or may be conceived to 
pofl’cfs the fame fpnee, by the flexion or tranfpofition 
of their parts. See a learned difeourfe upon this, 
by Dr. Barrow, in the nth and 12th of his Mathema¬ 
tical Lectures. 

Equality, in Algebra, the relation or comparifon 
between two quantities that are really or effectually 
equal. Sec Equation. 

Equality, in Algebra, is ufually denoted by two 
equal parallel lines, as = : thus 2 -t- 3 = 5, i. e. 

2 plus 3, are equal to 5. This character =, was firil 
introduced by Robert Recorde. l)cs Cartes, and fome 
others after him, life the mark oc intlcad of it : as 
2 + 3 cc y. 

Equality, in Artronomy. Circle of Equality, 
or the Equ ant. Sec Circle and Equ ant. 

Ratio or Proportion of Equality, is that between 
two equal numbers or quantities. 

Proportion of Equality evenly ranged, or ex erquo 
ordinata, is that in which two terms, in a rank or fe- 
ries, are proportional to as many terms in another fc- 
ries, compared to each other in the fame order, i. e. 
the firil of one rank to the firil of another, the 2d to 
the 2d, See. * 

Proportion of Equality evenly difiurled, called alfo 


ex aquaperturbata, is that in which more than two terms 
of one rank, are proportional to as many terms of ano¬ 
ther, compared to each other in a different and inter-*" 
rupted order; viz, the ill of one rank to the 2d of 
another, the 2d to the 3d, See. 

EQUANT, or A-quant, irt Allronomy, a circle 
formerly conceived by aftrononiers, in the plane of the 
deferent, or eccentric; for regulating and adjuiling 
certain motions of the planets, and reducing them 
more cafily to a calculus. 

EQUATED Anomaly. See Anomaly. 

Equated Bodies. On Gunter’s Sector there are 
fometimes placed two lines, anfwering to one another, 
and called the Lines of Equated Bodies. They are 
fituated between the lines of fuperficies and folids, and 
are marked witli the letters D, I, C, S, O, T, to 
fignify dodecahedron, icofaiiedron, cube, fpliere, octa¬ 
hedron, and tetrahedron. 

Theufes of thefe lines are, ill, When the diameter 
of the fpliere is given, to find the fides of the five re¬ 
gular bodies, each equal to that fpliere ; 2d, From the 
iidc of any one of tliofe bodies being given, to find 
the diameter of the fpliere, and the tides of the other 
bodies, which fliall be each equal to the firil given bo¬ 
dy. So, when the fpliere is given, take its diameter, 
and apply it over on the feClor in the points S, S ; but 
when one of the other five bodies is given, apply its 
fide over in its proper points ; then the parallels taken 
from between the points of the other bodies, or fpliere, 
fliall be the tides or diameter, equal feverally to the 
fpliere or body lirfl given. 

EQUATION, in Algebra, an expreflion of equa¬ 
lity between two different quantities ; or two quantities, 
whether Ample or compound, with the mark of equality 
between them : as 2 ■+• 3 = 7 — 2; or 2x3 = 6; 

20 

oryx 3 == — ; or a + * = c 5 or .v* + ax ~ b ; 

See. When the things, or two fides of the equation, are the 
fame, the expreflion becomes an Identity, as 5 = 5, 
or a — a. See. Sometimes the quantities are placed all 
on one fide, and made equal to O or nothing on the 
other fide ;as 5—5 =0, om-lso: which is no 
more than fetting down the difference of two equal 
quantities equal to nothing. 

The character or fign ufually employed to denote an 
Equation, is = , which is placed between the two 
equal quantities, called the two lides of the Equa¬ 
tion. 

The Terms of an Equation, are the feveral quan¬ 
tities or parts of which it is coinpofed. Thus, of the 
Equation <r + h =z e, the terms are a, l, and r ; and 
the tenor or import of the expreflion is, that fume quan¬ 
tity reprefented by f, is equal to two others represented 
by a and b. 

Equations are either Simple or Affedted. 

A Simple Equ ation is that which has only one pow¬ 
er of the unknown quantity ; as a + x =■ 3 1, or 
ax- =. be, a 3 + 2.x 3 — 5 b. See ; where x denotes the 
unknown quantity, and the other letters known ones. 
But 

An Affected, or AdfeSed Equation contains two 
or more different powers: a* .%■* -f- as = b, of 
3* — + »v* = 2J, See. 

3K2 


Again, 
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Again, Equations arc denominated from the higli- 
rft power contained in them ; as quadratic, cubic, bi¬ 
quadratic, &c. Thus, 

A Quadratic Equation, is that in which the un¬ 
known quantity rifts to two dimenfions, or to the 
fquare or 2d power: as ac* + 20.V = 200, or 
ax — K 1 — b. 

A Cubic Equation, is that in which the unknown 
quantity is of three dimenlions, or rifes to the cube 
or 3d power: as ac 3 = 25, or x 3 — 2a* = 27, or 
a 3 — ax 2 4 - bx — c. 

A Biquadratic Equ at i o n, is that in which the unk nown 
quantity is of 4 dimenlions, or rifes to the 41I1 or biqua¬ 
dratic power: as a 4 = 25, or .v 4 —20.V = 10, or 
x 2 — ax 3 + lx 1 — cx ~ d. 

And fo for other liiglier orders of Equations. 

The Root of an Equation, is the value of the un¬ 
known letter or quantity contained in it. And this 
•value being fubftituted in the terms of the Equation 
inftead of that letter or quantity, will caufe both lides 
to vanifh, or will make the one fide exactly equal to 

the other. So the root of the Equation — + 18 =: 24, 

is 10; becaufe that ufmg 10 for .v, it becomes 

3 X '°+ 18 = 6+ t8 = 24. 

5 

Every Equation has as many roots as it has dimen¬ 
fions, or as it contains units in the index of the liighelt 
power, when the powers are all reduced to integral ex¬ 
ponents. So the limple Equation of the ill power, has 
only one root; but the quadratic has 2, the cubic 3, 
the biquadratic 4, &c. Thus the two roots of this 
equation a*— 4* = —3 arc 1 and 3 ; for either of thefe 
fubftituted for x makes .r* — q.v come out equal to — ■ 3. 
Alio the three roots of v 3 —.u 1 — j i.r —30, or 
.r 3 — 4.\- a — iia- + 30 ~ o, arc 2, £, and —3 ; as will 
appear by fubftituting each of thefe inftead of a in the 
equation, which will make all the terms on one iide 
equal to the other ude. A nd fo of others. 

‘The Relation between the Roots of liquations , and the 

Coefficients of their Terms. - In every Equation, when 

the terms are ranged in order according to the order of 
the powers, the greater before the lei's; the firft term 
or higheft power freed from its coefficient, by dividing 
all the terms by it, and all brought to one fide, and 
made equal to nothing on the other iide, when it will 
appear in this form, 

*" -f- ax *- 1 + bx + « n "3 . . . . = o j 
then the relations between the roots and coefficients, 
arc as follow': 

ill. The coefficient a of the 2d term, is equal to 
the fum of all the roots. 

2d, The coefficient b of the 3d term, is equal to the 
fum of all the produfts of the roots that can be made 
by multiplying every two of them together. In like 
manner, 

3d, The coefficients c, d, e, &c, of the following 
terms, are refpeftively equal to the fum of the products 
of the roots made by multiplying every three together, 
or every four together, or every five together, &c, the 
figns of all the roots being changed. All which will 
appear below, in the Generation of Equations. 

The Roots of Equations arc Pofitivc or Negative} 

4 


and Real or Imaginary. Thus, the two roots of the 
Equation x * —4.V = —-3, arc 1 and 3, real and both 
pofitivc } but the roots of the Equation x 3 — 4** — iia : 
= — 30, are 2, 5, & — 3, are real, two pofitive and 
one negative ; and the roots of the equation x 3 + yx 
= 10, arc 1 and — J ± J V —39, one real and two 
imaginary. 

The Generation of Equations, is the multiplying 
of certain affumed limple equations together, to pro¬ 
duce compound ones, with intent to fhew the nature 
of thefe ; a method invented by Harriot, which is this ; 
Suppofe x to denote the unknown quantity of any equa¬ 
tion, and let the roots of that equation, or the values 
of a*, be, a, l , c, d, fee ; that is ac = a, and x />, 
and x ~ c, See; orx—a~o, and x~b~ o, and 
x— c = 0, &c; then multiply thefe lull equations to¬ 
gether, thus, 
x —a — o 
x —b ~ o 


,\“ — a 

-b 

x — c 

A* 3 — a 

^ . x + ab = 0 , 

+ !> . a- 1 -f abx 
— c . a* 4 + ar -f- be . 

tlie quadratic Equation, 

. x—abr 

X 3 — 

a . ab . 

x — abc — 0 , the cubic Equ- 

— 

b -f- ac. 

— 

c + be 


A' — 

d 

= 0 

A’ 4 — 

a . .v 1 4 ab . a 1 

— nbe.x -J- a bed — O, the 

— 

l + ac 

— a!id biquadratic Equ. 

— 

C -j- be 



d 4 -ad 

4 - Id 

4 - cd 

-led 


Now' the roots of thefe equations are a, b, e, d. Sec ; 
and it is obvious that the fum of all the roots is the 
coefficient of the 2d term, the fum of all the products 
of every two is the coefficient of the 3d teim, the fum of 
all the products of every three that oft he 4th term, and 
fo on, to the lull term, which is the continual product 
of all the roots. 

Redutiion of Equations, is the transforming or 
changing them to their limple ft and molt commodious 
form, to prepare them for finding or extrafling their 
roots. The moll convenient form is, that the terms 
be ranged according to the powers of the unknown let¬ 
ter, the highelt pow'er foremoft next the left hand, and 
that term to have only -f- 1 for its coefficient ; alfo all 
the terms containing the unknown letter to be on one 
fide of the equation, and the abfulutc known term only 
on the other fide. 

Now this rcduflkm chiefly refpefts the firft term, or 
that which contains the higheft power of the unknow-n 
quantity; and the general rule for reducing it is, to 
confidcr in w'hat manner it l's involved or couneftcd with 
other quantities, and then perforin, the counter or op- 

pofite 
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pofite relation or operation ; for every operation is un¬ 
done or counteracted by the reverfe of it; as addition 
by fubtraCkion, multiplication by divifion, involution 
by evolution, &c: then bring all the unknown terms 
to one fide, and the known term to the other fide, 
changing the figns, from + to —, or from —to +, 
of tliofe terms which are changed from one fide to the 
other; and lailly divide by the coefficient of the firil 
term, with its fign. 

Thus, fur ex. if $x — 12 = $x + 4 : 

then is 5 a — 3 v = 12 4, or 2 x = 16; 

and fo *= if = 8. 

Again, if ax—b ~ ex + d : 
then ax — rx —zb + d, 

, b 

and x — -- 

a — c 


And, if —20 = 12." + 2.-' 
then 6 a* — 2.V 1 — 12.Y + 2’., 
or 41.' — 12.v = 20, 
and x z — 3 a- = 5. 


Alio, if 


a , b 

— -h —= 3 

a 4 * x 


= 3/7-V + $X*y 

— 3ax — ab. 


then ax ab + bx 

and — 3 v* -f- ax 4- bx 

or —3.V 2 + bx — 2 ax — — ab, 

, . 2a — h ab 

and a* 4- -.v = — 

3 3 


Alfo, 


if 


\ 4 l* ■+■ .v 1 —3 b zx. 



then 

and 

and 

and 


V a 1 4 - a * 


a" 4* x 1 : 


3 b + 
<)!•*.\ 2 


a 1 *' + .v 4 = i)b '.v* 
x* 4* a 2 — yl 2 . x x 


tab _ 3 bx 4 - id’ 
x x 

4 - 12 a/ax + .\a 2 b 2 
-1 ---, 

x 2 

4- i 2 a! ,2 x 4- 4a 2 /’ 2 , 
— 1 2al 2 x — ^a'l 2 . 


FxtrnHin* arfndin" the Roots of F.rj' inoxs. 

This is finding the value or values of the unknown 
letter in an liquation, the rules for which are various, 
according to the degree of the Equation. 

I. For the Root of a Simple F.'j’.iv 

Having reduced the equation as above, by bringing 
the unknown terms to one fide, and the known ones to 
the other, freeing the former from radicals and frac¬ 
tious, by their counter operations, and laltly dividing 
bv the coefficients of the unknown quantity, the value 
of it is then found : as in the firil and 2d examples 
©f reduction above given. 

2. For the Roots of Quadratic F.ayATioXS. 

Thefe arc ufually found by what is called complet¬ 
ing the fquare ; which coniifls in fqunring half the co¬ 
efficient nf the 2d term, and adding it to both fides of 
the equation ; for then the unknown fide is a complete 
fquare of u binomial, and the other fide confills only 
of known quantities. Therefore, extract the root on 
both /ides, fo /hall the root of the firil fide be a bino¬ 
mial, one part of which is the unknown letter, and the 


other a known or given quantity, and the root of the 
other fide is taken either 4- or —, fince the fquare of 
either of thefe is the fame given quantity : laftly, bring¬ 
ing over the known part of the binomial root to the 
other fide, with a contrary fign, gives the two roots or 
values of the unknown letter fought. 

Thus, if x 2 4- 2,ix = l 1 be a general quadratic Equa¬ 
tion, 2a being the coefficient of the 2d term, and b % 
the abfoluU; known term, both with their figns. 

1 hen, a is half that coefficient, and a 1 its fquare; 
which being added, gives x 2 4- 2 ax + a 2 —? a* 4- h 2 ; 
and the root extracted gives x 4- a — ±2 v'a 1 -j i l ; , 
then, tranfpofing a , it is a = — a ± •fa 2 4- £% 
tire two root.-,, or values of x. 

And if a* — 4 a ~ 5: then, adding 2* or 4, 

it is a' — 4.V 4* 4 = g ; 

the root is.v —2 = ± 3, 
then a* = 2 zh 3 =5 or — 1, 
the two roots, or values of x. 

And if a 2 4- 4 .V = 5 : 
then x* 4-4x4- 4 = 9 ; 
and a- -f- 2 = 4r 3 ; 

or x = — 2 ± 3 .-= 1, or —5, the two 

roots, which are the fame numbers as before, but with 
the figns changed. 

Alfo, if x * — 4** = — 3 : 

then x 2 — 4* 4 - 4 = 4 — 5 — — 1 • 

and a' — 2 = rfc a/ — 1 ; 

or a = 2 db — 1, two imaginary roots. 

3. Fur the Roots nf Cubic Faj'.lTiot, ?. 

■rf Cubic Equation is that in which the unknown 
letter afeends to the 3d power ; as a 3 4- //J = b 3 , or 
a - - 1 4- ax' -{- bx — c. 

The 2d term of every Cubic Equation being taken 
away, thole equations may all he reduced to this form, 
a 3 4 - ax = b ; and the general value of one root is 

.V = b 4 - C + f a 3 4 - V / 11 - \'\/j-. + faf. 
This rule is ufually called Cardan’s, becaufc firil puh- 
lifhed hv him, but it was invented both by Scipio Fer- 
reus, and Nieh. Tartalea, by whom it was communi¬ 
cated to Cardan. Sec the article Algcbra. 

When the 2d term is negative, or the equation of 
this form, a 3 —ax =5 ± b, the radical s/ \b 2 4- V. a 3 bo 
comes v /2 b- — f a s , which will be imaginary or impof- 
fible when ^ a 3 is greater than for •/\l 2 — ^ f a 3 
will then he the fquare root of a negative quantity, 
which is impofliblc: and yet, in this cafe, the root .v is 
a real quantity; though algtbraills have never been 
able to find a teal finite general expreffion for it. And 
this is called the Irreducible or Impracticable Cafe. 

This cafe may indeed he refolved by the trifeCtion of 
an arc or angle ; or by any of the ufual methods of 
converging ; or by general expreffions in infinite fcrics. 
See Saunderfon’s Algebra, pa. .713 ; Philof. Traill'. . 
vol. 18, pa. 136, or Abr. vol. 1, pa. 87 ; alfo vol. 70, 
pa. 415. Sec alfo the article Cubic Equations. 

Mr. Cotes obferves, in his Logometria, j>a. 29, that 
the folution of all cubic Equations depends either upon 
the trifcdlion of a ratio, or of an angle. See this me¬ 
thod explained in Saunderfon’s Alg. p. 718. 

Biquadratic 
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fiiqnadrtvic Equations, or thofe that arc of 4 di- 
menliuiis, arc rcfolvct! after various methods. The firfl 
rule was given by Lewi) Ferrari, the companion of 
Cardan, which is one of the bell. A 2d method was 
given by Des Cartes, and another by Mr. Simplon and 
Dr. Waring. For the explanation of which, fee Bt- 
C^JAURATtc Equations. 

E^yettiONS of the Higher Degrees or Orders. 

There is no general ride to exp refs algebraically the 
roots of Equations above thofe of the 4th degree ; and 
therefore methods of approximation are here made ule 
of, which, though not accurately, are yet practically 
true. Some of thefe excel in cafe and limplicity, and 
others in qiiicktiefs of converging. Among thefe may¬ 
be reckoned bill, Double Pofilion, or Trial-and-F.rror, 
both iu relpeCt of cafe and univcrfality, as it applies in 
the fimplclt maimer to all forts of Equations whatever, 
not excepting even exponential ones, radical expref- 
fions of ever fo complex a form, expredious of loga¬ 
rithms, of arches by- the fines or tangents, of arcs of 
curves by the abfeifles, or any* other llucnts, or roots of 
fluxional E<j nations. For an explanation of ill is and 
other methods of converging to the roots of equations, 
by Halley, Newton, Raphfon, &e, &c, fee Approxi¬ 
mation, and Converging. 

Bcfides the methods above adverted to, there have 
been fume others, given in the Memoirs of feveral Aca- 
demies, and elfewhcre. As, by M. Daniel Bernoulli, 
in the Aida Petropolitana, tom. 3, p. 02 ; and by M. 
L. Euler, in the fame, vol. 6, New Series, and tom. 5, 
p. 63 & 82 ; by Mr. Thos. Siinpfon, in his E flays, 
p. 82 ; in his Diflertations, p. 102 ; in his Algebra, 
p. 158 ; and in his Select Excrcifes, p. 215. 

Abfolute Equation. See Absolute. 

Adfethd, or Affttled Equation. See Affectkp. 

Differential Equation, is the Equation of Diffe¬ 
rences or Fluxions. 

Eminentiul Equation. See Eminf.ntial. 

Exponential Equation, one in which the exponents 
of the powers are variable or unknown quantities. See 

Ex I'ONENTIAL. 

Eluential Equation, is the Equation of the fluents. 

E/uxionalY.iiy Ation, is the Equation of the fluxions. 

Literal Equation, is a general Equation exprefled 
in letters, as contradiflinguiihed from a 

A amend Equation, one exprefled in numbers. 

‘Tranf cndcntal Equation. See Tran ‘CFndim al. 

Equation, in Aftronomy, as Annual Equation, 
is either of the mean motion of the fun and moon, 
or of the moon's apogee and nodes. 

The Annual Equation of the fun’s centre being 
given, the other three eorrefponding annual Equations, 
will be alfo given, and therefore a table of the lirlt will 
ferve fur all of them. Thus, if the animal Equation 
of the fun's centre, taken from fitch a table for any 
time, be called s ; and if s — A , and ' .r = B; then 
lhall the other annual Vcpiatious tor that ime he tlius, 
A 4- do A ~ m, that of the moon’s mean motion ; 
and B ■+■ 3 ‘ 0 11 — a, .hat of the moon’s apogee; 
and B — ,' , II — n, that of her nodes. 

And here note, ’hat when .r, or the Equation of the 
fun’s centre, is additive ; then m is negative, a is pofi- 
tivc, and n is negative. But on the contrary, when s 


is negative or fubduflivc; then m is pofitlvc, a flegiU 
tive, and n potitive. 

There is alfo an Equation of the moon's mean motion, 
depending on the fit nation of her apogee in refpett of 
the lun ; which is greatell when the moon’s apogee is 
in an octant with the fun, and is nothing at all when it 
is in the quadratures or fy/ygies. This Equation when 
greatell, and the fun in perigee, is 3' 56". But it is 
never above 3 34” when the lun is in apogee. At 
nth.* difiances of the fun from the earth, this Equation 
when gri.'.tcll, is reciprocally as the cube of that dif- 
taue-. But when the mdon’s apogee is any whete out 
of the octants, tin’s Equation grows lefs, and is mollly, 
at the iatiie diiiniRv between the earth and fun, as the 
lute of double the ilillance of the moon’s apogee from 
the next quadrature or fy/vgv, is to radius. This is 
to be a-.liltii to tlie moon’s motion while her apogee 
pa lies from a quadrature with the fun to a fy/ygy ; 
but is to be fubt railed from it, while the apogee moves 
from the fy/ygy to the quadrature. 

There is mm cover another Equation of the moon's mo¬ 
tion, which depends on the afpcil of the nodvr- of the 
moon’s orbit with refpeft to the fun : and this is 
greatefl when her nodes are in octants to the fun, and 
quite vanifhes when they come to their quadratures or 
fy/ygiis. This Equation is propoitional to the fine 
of double the diilanee of the node from the next fyzvgy 
or quadrature ; and at the greatell is only 47". This 
mull be added to the moon’s mean motion while the 
nodi s are palling from the fy/ygies with the fun to 
their qiiadiatmes ; but fnbtratted while they p.ifs from 
the quadratures to the fv/.ygics. 

Erom the fun’s true place iubtraft the equated mean 
motion of the lunar apogee, as was fhewn above, the 
remainder w ill be the annual argument of the faid 
apogee ; from whence the eccentricity of the moon and 
the 2d Equation of her apogee may be compared. Sec 
Theory of the Moon’s motions, & c. 

Equation of the Centre, called alfo Proflhaphcrefis, 
and Total Pni/lhapherefis, is the difference between the 
true and mean place of a planet, or the angle made by 
the lines of the true and mean place; or, which 
amounts to the fame, between the mean and equated 
anomaly. 

The greatefl Equation of the Centre may be obtained 
by finding the fun’s longitude at the times when he is 
near his mean diflances, for then the difference will 
give the true motion for that interval of time : next 
find the fun’s mean motion for the fame interval of 
time; then half the difference between the true and 
mean motions will fhow the greatell Equation of the 
Centre. 

For Example, by ohfervations made at the Royal 
Obfcrvatory at Greenwich, it appears that at the fol¬ 
lowing mean times the fun’s longitudes were as an¬ 
nexed ; viz. 

Mum times. Sun’s longitudes. 

1 7(0) Oil. 1 at 23 , '4y m i2 ? - * - 6’ 9° 32' o-6" 

1770 Mar. 29 at o 4 50 . ■ • O 8 50 27-5 

dif. of time 178' 1 o 15 38; true dif. Ion. 5 29 18 27 

tropivXil year = 365** 5’' 48“ 42’ = 365-2421727 ; 
oblervcdintervals: 178 o 15 38 =.178*0108565; 

Then 
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Then 

365*2421527 : 178*01085648 :: 360° : *75*455948 
or 175 0 27' at" the mean motion. 

Therefore - 175° 2’j 1 z\" of mean motion, 

anfwers to • 179 18 27 of true motion; 

their difference is 351 6 

and its half - 1 55 33 

is the greatefl Equation of the Centre according to 
thefe obfervatinns. 

7 o f tid the Krjuntion of the Centre, or to rcfolve Kep¬ 
ler’s problem, is a very troublcfomc opeiation, efpecinl- 
ly in the mote eccentric orbits. How this is to be 
done, has been fliewn by Newton, Gregory, Keil, 
Macliin, La Caille, and others, by methods little dif¬ 
fering from one another ; which conlifl chiefly in find¬ 
ing a certain intermediate angle, called the eccentric 
anomaly ; having known the mean anumoiv, and the 
dimenfions of the fun’s orbit. The mean anomaly is 
cafily found, by determining the exa£l time when the 
fun is in the aphelion, and uling the following propor¬ 
tion, viz. 

As the time of a tropical revolution, or folar year, 

Is to the interval between the aphelion and given time, 
So is 360 degrees, to the degrees of the mean anomaly. 
Or it may be found by taking the fun’s mean motion 
at the given lime out of tables. 

To find the Krcentric J.Inomaij , fay, 

As the aphelion dilluiicc. 

Is to the perihelion diliancc ; 

So is the tangent of half the mean anomaly. 

To the tangent of an are. 

Which are added to half the mean anomaly, gives 
the eccentric anomaly. Then, 

7 of ml the 7 rue yhtomid\, fa\ , 

As the fquaie root of the aphelion diflance. 

Is to the fqitare root of the perihelion diilance { 

So is -.he tangent of half the eccentric anomaly. 

To the tangent of half the true anomaly. 

Then, the difference between the true and mean 
anomaly, gives the liquation of the Centre, fought. 
Which is iubtraCtive, from the aphelion to the perihe¬ 
lion, or in the full ( figns of anomaly ; and additive, 
from the jKiiliclion to the aphelion, or in the lafl 6 
lign. - f anomaly ; and lienee called Pnifihaphcrefis. 

By this problem a table may cafily be formed. 
When the Equations of the Centre for every degree 
of the lirll 6 figns of mean anomaly are found, they 
will ferve alfo for the degrees of the lafl 6 figns, be- 
caufe equal anomalies' ate at eqtial eiifiances on both 
Tides of their apfes. Then fet thefe captations orderly 
to their figns and degrees of anomaly ; the firfl 6 being 
reckoned man the top e'f the table downwards, and 
figure! fuhtrat!; the lafl 6, for which the fame Equa¬ 
tions ferve, in a contrary order, being reckoned front 
the 4 bottom upwards, and marked add. Let alio the 
difference between every adjacent two Equations, called 
Tabular Differences, be fet in another column. Hence, 
from thefe liquations of the Centre*, augmented or di- 
miuilhcd by the proportional parts of their refpedlive 
tabular differences, for any given minutes and feconds, 
may cafily be deduced Equations of the Centre to any 
mean anomaly propofed. Robertfon’s Elcni. of Navig. 
book 5, p. 286, 290, 295, and 308, where fuch a table 
of Equations is given. 

5 


The late excellent Mr. Euler has particularly con- 
fidered this fubject, in the Mem. de l’Acad. de Berlin, 
tom. 2, p. 225 & feq. where he refolves the following 
problems: 

1. To find the true and mean anomaly correfpond- 
ing to the- planet’s mean diflance from the fun ; that 
is, where the planet is in the extremity of the conju¬ 
gate axis of its orbit. 

2. The eccentricity of a planet being given, to find 
the eccentric anomaly correfponding tp the greatefl 
Equation. 

3. The eccentricity being given, to find the mean 
anomaly correfponding to the greatefl Equation. 

4. From the fame data, to find the true anomaly 
correfponding to this Equation. 

5. From tne fame data, to find the greatefl Equa¬ 
tion. 

6. The greatefl Equation being given, to find the 
eccentricity. 

Mr. Euler ohferves, that this problem is very diffi¬ 
cult, and that it can only be refolved by approximation 
and tentatively, in the manner lie mentions: but if the 
eccentricity be not great, it may then be found dfrcttly 
from the greatefl Equation. Thus, if the greatefl 
Equation be = m, and the eccentricity = n ; 


then is m — zn + 

Whence by reverfion 


n — im — 



, 599 

— 

2.-3 

2 .' 5 * 5-7 

21*1 

587 

l 771 

2 -3 

21 ° 3 ’S 


n 4 + See. 


m 4 — &c. 


m s — Si c. Whence, 


Where the greatefl equation m muff be expreffed in 
parts of the radius, which may be done bv reducing 
the angle rn into feconds, and adding 4*685 5749 to the 
log. of the refulling number, which will be tire log. of 
the number in. 

The mean anomaly to which this greatefl equation 
correfponds, ill be 

x ~ 90 0 + -I m - in 3 -~ 

J a 2 . p *, 2 ? 1 

if yo° be added to j of the greatefl Equation, the fum 
will be the mean anomaly iiiflieienlly exait. 

Mr. Euler fubjoiti.-, a table, by which may be found 
the greatefl Equations, with the mean and recentric 
anomalies correfponding to thefe greatefl liquations 
for every icoth part of unitv, which he fuppofes equal 
to the greatell eccentricity, nr when the tranfveife and 
diflance of the foci become infinite. The lafl column 
of the table gives alfo the logarithm of that diilance of 
the planet from the fur, where its Equation is greatefl. 
By means of this table, any eccentricity being given, 
by interpolation will be found the eon cfponding g n a; elf 
Equation. But the chiif life of the tab!-, is to deter¬ 
mine the eccentricity when the grcalifl Equation is 
known ; and without this help Mr. Euler thinks the 
problem cannot be rtfolved. 

Equation of Time, denotes the’ difference between 
mean and apparent time, or the reduction of the appa¬ 
rent unequal time, or motion of the fun or a planet, to 
equal and mean time, or motion ; or the Equation of 
time is the difference between the fun’s mean motion, 
and Ills right afeenfion. Apparent time is that which 
takes its beginning from the paffage of the fun’s centre 
over the meridian of any place; and had the fun no 

motion 
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motion in the ecliptic, or was his motion reduced to 
the equator or in right afeenfion uniform, he would al¬ 
ways return to the meridian after equal intervals of 
time. IItit his apparent motion in the ecliptic being 
continually varying, and his motion in right afeenfion 
being rendered farther unequal on account of the obli¬ 
quity of the ecliptic to the equator, from thefe caufcs 
it arifes that the intervals of his return to the meri¬ 
dian become unequal, and the fun will gradually come 
too How or too loon to the meridian for an equable 
motion, fuch ats that of clocks and watches ought to 
Ik ; and this retardation or acceleration of the fun’s 
coining to the meridian, is called the equation of time. 

Now, computing the cclctlial motions according to 
equal time, it is neeeflarv to turn that time hack again 
into apparent time, that they mav correfpond to obfer- 
vation : on the contrary, any phenomenon being ob- 
ferved, the apparent time of it mull be converted into 
equal time, to have it correfpond with the times marked 
in the allrononn'eal tables. 

The Equation of time is nothing at four different 
times in the year, when the whole mean and unequal 
motions exactly agree; viz., about the 15th of April, 


the 15th of June, the 31ft of Augufl, and the 24th of 
December: at all other times the fun is either too 
fall or too flow for mean, equal, or clock time, by a 
certain number of minutes and feconds, which at the 
greateft is 16' iq'', and happens about the ill of No. 
vemher; every other day throughout the year having 
a certain quantity of this difference belonging to it ; 
which however is not exnd.ly the fame every year, but 
only every 4th year ; for which reafon it is ncceflary 
to have 4 tables of this Equation, viz, one for each of 
the four years in the period of leap years. Inllead of 
thefe, may be here inferted, as follows, one general 
equation of time, according to the place of the fun, in 
• very point of the ecliptic: where it is to be oblcrvcd, 
that the lign of the ecliptic is placed at the tops ot 
the columns, and the particular degree of the fun’s 
place, in each lign, in the lirlt and lalt columns; and 
m the angle of meeting in all the other columns, is the 
equation of time, in minutes and feconds, when the 
fun has anv particular longitude : fuppoling the obli¬ 
quity of the ecliptic 2j'’ 28', and the Inn’s apogee in 
y° of ®. 


A TnIk nf the Equation of Time, for every Degree of the Sun's 1 .nngittitle. 
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Tlie Equations with +, are to be added to the ap¬ 
parent time, to have the mean time; thofe with 
are to he fubtra&ed from apparent time, to give the 
mean time. 

The preceding mark, whether + or —■, at the top 
of any column, belongs to all the numbers or equa¬ 
tions m that column till the iigti changes ; after which, 
the remainder of the column belongs to the contrary 
fign. 

The Equation anfwcring to any point of longitude 
between one degree and another, or any number of 
minutes or parts of a degree, is to be found by pro¬ 
portion in the ufual way, viz, as i° or Go', to that 
number of minutes, fo is the whole difference in the 
Equation from the given whole degree of longitude to 
the next degree, to the proportional part of it anfvver- 
ing to the given number of minutes. 

See Tables of the Equal ion of Time computed for 
every year, in the Nautical Aimauae, by a method pro- 
pofed and illufhated by Dr. Mafkelyne, the aflronomer 
royal, vi/., by taking the difference between the fun’s 
true right afeeniion and his mean longitude, corre&ed 
by the Equation of the equinoxes in right afeeniion, 
and turning it into time at the rate of 1 minute of 
time to 15'of right afccnliqn. l’liilof. Tranf. vol. 54, 
I'- 33 6 - 

Equation of a Curve, is an Equation (hewing the 
nature of a curve by exprelliiig the relation between 
any nhfeifs and its correfponding oidiuate, or life the 
relation of their fluxions. See. Thus, the Equation to 
the circle, is ax — a* — V 1 , where a is its diameter, x 
any ubfcils, or part of that diameter, and y the ordinate 
at that point of the diameter ; the meaning being, that 
whatever abfeifs is denoted by .v, then the fquarc i?f its 
corrifpomling ordinate will be ax — x*. In like man¬ 
lier the Equation 


of the cllipfe 



ax — .1 1 




«f the hyperbola is — . ax ■+-*:* = y x t 

of the parabola is - - - fix ~_y*. 

Where a is an axis, and f the parameter. 

And in like manner for any other curves. 

This method of exprefiing the nature of curves by 
algebraical equations, was flril introduced by Des 
Cartes, who, by thus connecting together the two 
fciences of algebra and geometry, made them mutually 
* (Tilling to each other, and fo laid the foundation of the 
greateit improvements that have been made in every 
branch of them flnee that time. See Des Cartes’s 
Geometry ; alfo Newton’s Lines of the 3d Order, and 
many other fimilar works on curve lines, by feveral au¬ 
thors. 


Et^DATOR, in Geography, a great circle of the 
earth, equally dill ant from its two poles, and dividing 
it into two equal parts, or lieinifpheres, the northern 
and font hern. The Equator is fometimes (imply called 
the Line. 


The circle in the heavens conceived diretfUy over the 
Equator, is the Equinoctial. See Equinoctial. 

The greatdt height of the Equator above the hori¬ 
zon, is equal to the latitude of the place. 

. Vol. I. 3 E 


Table fur turning Degrees and Minutes into 
_ Tims, and tie Contrary. 
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As one whole revolution of the earth, or of the 
3 6o° of the Equator, is performed in 24 hours, which is 
at the rate of 15 0 to the hour ; hence the number of 
degrees of the Equator, anfwcring to any other given 
time, or the time anfwering to any given degrees of 
the Equator, will be eaiily fouud by proportion, viz, 
as lhr. : 15 0 :: any time : its degrees, 

eras 15 0 : lhr. :: any degrees ; their time. 

And thus is computed the foregoing Table for turning 
time into degrees of the Equator, and the contrary. 

EQUATORIAL, Univcrfal , or Portable Ob¬ 
servatory, is an inftrument intended to anfwcr a 
number of iifeful purpofes in practical aftronomy, in¬ 
dependent of any particular obfervatory. It may be 
employed in any fteady room or place, and it performs 
moil of the ufcful problems in the fcience of autonomy. 
Tlte following is the defeription of one lately invented, 
and named tlie Univerfal Equatorial. 

The principal parts of this inflrument (fig. 2, plate 
viii.) arc, ill. The azimuth or horizontal circle A, 
which represents the horizon of the place, and moves 
on a long axis B, called the vertical axis. 2d, The 
Equatorial or hour-circle C, reprefenting the Equator, 
placed at right angles to the polar axis D, or the axis 
of the earth, upon which it moves. 3d, The feinicir- 
clc of declination E, on which the telcfcope is placed, 
and moving on the axis of declination, or the axis of 
motion of the line of collimatiou F. Which circles are 
ineafured and divided as in the following Table ; 


M-afmvs of the fi:ve¬ 
il.tl circles :ind divi- 
Mions onthem. 

! 

Radi¬ 
us In¬ 
ches 

f.imb di¬ 
vided to 

Non. of 
3 ogives 
Icconds 

Divid. oil 
limb ii.to 
pts.oflnc. 

DiviJ. b) 
Non. inti 
pls.oilnc. 

Azimuth orho-' 
rizontal cir¬ 
cle 


S ' 1 

1 5' 

30 

45 th 

, 35 o tl > 

Equatoiial or "j 
hour circle J 

- 

5 1 

I 5* 
or 1 in. 

in time 

// 

3 ° 

2" 

4jth 

1350th 

Vertical femi- " 
circle for de¬ 
clination or 
latitude 

» 

5 ’ 

‘S' 

** 

30 

4 2d 

1260th 


4th, The telcfcope, which is an achromatic refradtor 
with a triple objedt-glafs, whofe focal diilanre is 17 
inches, and its aperture 2*45 inc., and it is fumilhed 
with 6 different eye-tubes ; fo that its magnifying 
powers extend from 44 to 168. The telcfcope in this 
Equatorial may be brought parallel to the polar axis, as 
in the figure, fo as to point to the pole-liar in any part 
of its diurnal revolution 5 and thus it has been obferved 
near noon, when the fun has (hone very bright. 5th, The 
apparatus for corredling the error in altitude occaiioned 
by refradtion, which is applied to the eye-end of the 
tclefcope, and confittB of a Aide G moving in a groove 
or dove-tail, and carrying the feveral eye-tubes of the 
tclefcope, on which Aide mere is an index correfpondiog 

5 


to five fmall divifions engraved on the dove-tail; a very 
fmall circle, called the rcfradlion circle II, moveable by. 
a linger-fcrew at the extremity of the eye-end of the- 
Ukfcopc; which circle is divided into half minutes,, 
one w hole revolution of it being equal to 3' iM'% ami 
by its motion it raffes the centre of the ciofs-hairs on. 
a circle of altitude ; and alfo a quadrant I of i£inc» 
radius, with divifious on each fide, one cxpreffnig the 
degree of altitude of the object viewed, and the other 
cxpreffnig the minutes and icconds of error occaiioned 
by refraction, conefpomliug to that degree of altitude. 
To this quadrant is joined a fmall round lewl K, which 
is adjulled partly by tbe piuion that turns the whole of 
this apparatus, and partly by' the index of the qua¬ 
drant ; for which purpofe the rcfradliou circle is fet to 
the fame, minute ic, which the index points toon the 
limb of the quadrant; and if tbe mini; ■ &c, given by 
the quadrant, exceed the 3' 18" contained in one en¬ 
tire revolution of the refraction circle, this mult Ik fet 
t.o the excels above one or more of its entire revolu¬ 
tions ; then the centre of the crol’s-luiirs will appear 
to be raifed on a circle of alti’udc to the additional 
height which the error of refradiion will occallon at 
that altitude. 

Tin- principal adjullment in this iultrument, is that 
of making the line of collimatiou to deferibe a portion 
of an hour citclc in the heavens : in order to which, the 
a/.irnuth circle inufl be truly level; the line of cullima- 
tion, or fume eorrcfpomling line reprefented by the 
fmall brafs rod M parallel to it, mull be perpendicular 
to the axis of its own proper motion ; and this lall axis 
mud be perpendicular to the polar axis. On 1 lu- brafs 
rod M there is occalionally placed a hanging level N, 
the ufe of which will appear in the following adjull- 
ments: 

The azimuth circle may be made level by' turning 
the inllrumcut till one of the levels be parallel to an 
imaginary line joining two of tlie feet ferews ; then 
adjuit that level with thefe two feet lncws; turn the 
circle 18c 0 , or half round ; and if the bubble be not 
then right, con cbt half ihe error by the ferew belong¬ 
ing to the level, and the either halt erior by the two 
foot ferews, repeating this operation till the bubble come 
right ; then turn the circle qo° from the two former 
poliiions, and fet the- bubble right, if it be wrong, by 
the foe>t ferew at the end of the level ; when this is 
done, aeijull the either level by its own ferew, and tbe 
azimuth circle will be truly level. The hanging level 
mull then be fixed to the brafs reid by two books of 
equal length, attel made truly parallel fo it: feir this 
purpofe, make the polar axis perpendicular or nearly 
perpend'cular to the horizon ; then adjuit the level by 
the pinion of the declination fetnicircle ; reverfe the 
level, and if b be wrong, corrcdl half the error by a 
fmall Heel ferew that lies under one end of the level, 
and the other half error by the pinion of the dcclination- 
femicirelc, repeating the operation till tlte bubble be 
right in both pofitions. To make the brafs rod, on 
which the level is fufpended, at right angles to the axis 
of motion of the tclefcope, or line of collimation, 
make the polar axis horizontal, or nearly fo ; fet the 
declination femicircle to o°, and turn the hour-circle 
till tbe bubble come rightj then turn the declination- 

circle 
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circle tG 90®; adjuft the bubble by raifing or deprcf- 
fmg the polar axis (firft by hand till it be nearly right, 
afterwards tighten with an ivory key the focket which 
rims on the arch with the polar axis, and then apply 
the fame ivory key to the adjufting fcrew at the end of 
the faid arch till the bubble come quite right) ; then 
turn the declination-circle to the oppofite 90°; if the 
level be not then right, correct half the error by the 
aforefaid adjufting fcrew at the end of the arch, and 
the other half error by the two fcrews that raife or de- 
Jircfs the end of the brafs rod. The polar axis remain¬ 
ing nearly horizontal as before, and the declination- 
fcmicircle at o°, adjuft the bubble by the hour-circle; 
then turn the deelination-femicircle to 90°, and adjuft 
the bubble by railing or deprefling the polar axis; 
then turn the hour-circle 12 hours } and if the bubble 
be wrong, correft half the error by the polar axis, and 
the other half error by the two pair of capftan fcrews 
at the feet of the two fupports on one fide of the axis 
of motion of the tclcfcope ; and thus this axis will be 
at right angles to the polar axis. The next adjuft- 
ment, is to make the centre of the crofs hairs remain 
on the fame objedl, while the eye-tube is turned quite 
round by the pinion of the rcfratlion apparatus : for 
this adjuihnent, fet the index on the Hide to the firft 
divifion on the dove-tail 5 and fet the divifion marked 
IK" on the refraction-circle to its index ; then look 
through the tclcfcope, and with the pinion turn the 
eye-tube quite round 5 then if the centre of the hairi 
does not remain on the fame fpot during that revolu¬ 
tion, it mull be corrected by the four fnuill fcrews, 2 
and 2 at a time, which will he found upon unferewing 
the neareft end of the eye-tube that contains the firlt 
eye-glafs ; repeating this correction till the centre of 
the hairs remain on the fpot looked at during a whole 
revolution. To make ihe line of collimation parallel to 
the brafs rod on which the level hangs, fet the polar 
axis horizontal, and the declination-circle 1090°, adjuft 
the level by the polar axis ; look through the tclefcope 
on foinc diftant horizontal ohjeft, covered by the cen¬ 
tre of the crofs hairs : then invert the tclefcope, which 
is done by turning the hour-circle half round ; and if 
the centre of the crofs hairs does not cover the fame 
ohjeCt as before, corrcCt half the error by the upper- 
1110ft and lowcrmoft of the 4 fimall fcrews at the eye- 
end of the large tube of the tclefcope ; this correction 
will giveafecoml objedl now covered by the centre of 
the hairs, which mull be adopted inftead of the firft 
objeCt ; then invert the tclefcope as before ; and if the 
fecond object be not covered by the centre of the hairs, 
corrcCt half the error by the fame two fcrews as were 
ufed before: this correction will give a third objedl, 
-now coveild by the centre of the hairs, which ttiuft be 
adopted inftead of the fecond ohjeCt! icpeat this ope¬ 
ration till 110 error remain ; then fet the hour-circle ex¬ 
actly to 12 hours, the declination-circle remaining a 
<jo° as before ; and if the centre of the crofs hairs do 
not cover the la ft ohjeCt fixed on, fet it to that object 
by the two remaining fmall fcrews at the eye-end of 
the large tube, and then the line of collimation will be 
parallel to the brafs rod. For rectifying the nonius of 
the declination and "Equatorial circles, lower the tele- 
fcope “as many degrees &c below o c or Al on the dccli- 


nation-femicirclc as are equal to the complement of the 
latitude; then elevate the polar axis till the bubble be 
horizontal; and thus the Equatorial circle will be ele¬ 
vated to the co-latitude of the place r fet this circle to 
6 hours ; adjuft the level by the pinion of the dcclina- 
tion-circle; then turn the Equatorial circle exadlly 
12 hours from the laft pofition 5 and if the level be not 
right, corredt one half of the error by the Equatorial 
circle, and the other half by the declination-circle: 
then turn the Equatorial circle back again exaCtly 12 
hours from the laft pofition; and if the level be ftitl 
wrong, repeat the correction as before, till it be right, 
when turned to either pofition : that being done, fet 
the nonius of the Equatorial circle exaCtly to 6 hours, 
and the nonius of the declination-circle exaCtly to o°. 

The chief ufes of this Equatorial are, 

lit. To find the meridian by one ohfervation onlyt 
for this purpofe, elevate the Equatorial circle to the 
co-latitude ol the place, and fet the declination-femi- 
eircle to the fun’s declination for the day and hour of 
the day required; then move the azimuth and hour- 
circles both at the fame time, either in the fame or con¬ 
trary direction, till you bring the centre of the crofs 
hairs in the tclcfcope exaCtly to cover the centre of the 
fun ; when that i6 done, the index of the hour-circle 
will give the apparent or folar time at the inftant of 
ohfervation; and thus the time is gained, though the 
fun be at a diftance from the meridian 5 then turn the 
hour-circle till the index points precifdy at 12 o’clock, 
and lower the tclcfcope to the horizon, in order to ob- 
ferve fome point there in the centre of the glafs ; and 
that point is the meridian mark, found by one obfer- 
vation only. The bell time for this operation is 3 
hours before, or 3 hours after J2at noon. 

2d, To point the tclcfcope on a ftar, though not on 
the meridian, in full day-light. Having elevated the 
equatorial circle to the co-latitude of the place, and fct 
the declinatiori-fcmicirclc to the liar’s decimation, move 
the index of the hour-circle till it Ihall point to the pre- 
cife time at which the ftar is then diftant from the me¬ 
ridian, found in the tables of the right afeenfion of the 
liars, and the ftar will then appear in the glafs. 

Befides tliefe ufes, peculiar to this inllrument, it may 
alfo be applied to all the purpofes to,which the princi¬ 
pal adronomical inftruments are applied; fuch as a 
tranfit inllrument, a quadrant, and an equal-altitude 
inllrument. 

See the defeription and drawing of an Equatorial tc¬ 
lcfcope, or portable ohfervatory, invented by Mr. 
Short, in the Philof. Tranf. number 493, or vol. 46, 
p. 242 ; and another !>v Mr. Nairne, vol. 6i, p. 107. 

EQUIANGULAR Figure, is one that has all it* 
angles coual among tliemfelves ; as the fquare, and all 
the regular figures. 

An equilateral figure inforihed in a circle, is always 
Equiangular. But an Equiangular figure inferibed in 
a circle, is not always equilateral, except when it has 
an odd number of Sides: If the fides be of an even 
number, then they may either be all equal, or elfe half 
of them will always be equal to each other, and the 
other half to each other, the equals being placed alter-^ 
nately. Sec the demouftration in my Mathematical, 
Mifcellany, pa. 272. 
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Equiangular, la alfo faid of anytwo figure* of the 
fame kind, when each angle of the one is equal to a 
correfpomling angle in the other, whether each figure, 
feparately confidered in itfelf, be an equiangular figuie 
or not, that is, having all its angles equal to each other. 
Thus, two triangles arc Equiangular to each other, if, 
ex. gr. one angle in each be of 30°, a fecond angle in 
each of 50°, and the third angle of each equal to 100 
degrees. 

Equiangular triangles have not their like fides neccf- 
farily equal, but only proportional to each other; and 
fuch triangles arc always ilniilarto each other. 

Equickural ‘Triangle, is one that has two of its 
fides equal to each other; and is more ufually called an 
Ifofceles triangle. 

Equiculus, Equuleus, or Equus Minor , a con- 
flellation of the northern hcmifpherc. See Equu- 
LEUS. 

F.QUID 1 FFERENT, arc fuch things as have equal 
differences, or arithmetically proportional. If the 
terms have all the fame difference, viz, the iff and 2d, 
the 2d and 3d, the 3d and 4th, See, they are faid to be 
Continually Equidifferent; as the numbers 3, 6, y, 12, 
See, where the common difference is 3. But if the fe¬ 
deral different couplets only have the fame difference, as 
the lit and 2d, the 3d and 41I1, the jth and 6th, &c, 
they are faid to be Difcreteiy Equidifferent; as the 
terms 3 and 6, 7 and 10, 9 and 12, See. See Arith¬ 
metical ProgrrJJion and Proportion. 

EQUILATERAL Figure, is one that has all its 
fides equal to each other. Such as the fquare, and all 
the regular figures or polygons, or a triangle that has 
all its fide* equal. See Equi angular. 

Equilateral Hyperbola , is that which has the two 
axes equal to each other, and every pair of conjugate 
diameters alfo equal to each other. The afymptotes 
alfo are at right angles to each otficr, and make each 
half a right angle with either axis. Alfo, fuch an hy¬ 
perbola is equal to its oppofite hyperbola, and like- 
wife to its conjugate hyperbola; fo that all the four 
conjugate hyperbolas are mutually equal to each 
other. 

Moreover, as the 3d proportional to the two axes is 
the parameter, therefore in fuch a figure, the parameter 
and two axes are all three equal to one another. Hence, 
as thegencral equation to hyperbolas is 
P - 4 - — c 1 - 

y * — —./* + or 22 —. tx ■+• •**» where t is the 

tranfvcrfe axis, r the conjugate, p the parameter, x the 
abfeifs, and y the ordinate; then making /, c , and p 
all equal, the equation, for the Equilateral Hyperbola, 
becomes yi 1 — lx + x‘ ; differing from the equation of 
the circle only in the fign of the term sc 1 , which in the 
circle is — . 

EQUILIBRIUM, is an equality lvtween two equal 
forces aCting in oppofite directions ; fo that they mu¬ 
tually balance each other; like the two equal arms, or 
feales, of a balance, See. 

Equilibrium, in folid bodies, forms a confiderable 
part of the fcience of Statics. And Equilibrium of 
fluids, a confiderable part of the do&risc of Hydro¬ 
static*. 


EQUIMULTIPLES, the produfts of quantities 
equally multiplied. 

Thus, 3 a and 3 b are Equimultiples of a and b ; 
and ma and mb are Equimultiples of a and b. 

Equimultiples of any quantities, have the fame ratin' 
as the quantities thcmfelves. 

Thus a : b : : 3*r : sjb : : ma : mb. 

EQUINOCTIAL, a great circle in the heavens 
under which the equator moves in its diurnal motion. 
The poles of this circle are the poles of the world. It 
divides the fphere into two equal parts, the northern 
and fouthern. It cuts the horizon, of any place, iu 
the eafl and wtlt points ; and at the meridian its eleva¬ 
tion above the horizon is equal to the co-latitude of the 
place. The Equinoctial has alfo various other proper¬ 
ties ; as, 

1. Whenever the fun comes to this circle, he makes 
equal days and nights all round the globe ; becaufc he 
then riles due eall, and fets due welt. Hence it has 
the name Equinoctial. All ftars which are under this cir¬ 
cle, or have no declination, do alfo rife due eait, and 
fet due weft. 

2. All people living under this circle, or upon the 
equator, or line, have their days and nights at all times, 
equal to each other. 

3. From this circle, on the globe, is counted, upon 
the meridian, the declination in the heavens, and the 
latitude on the earth. 

4. Upon the Equinoctial, or equator, is counted the 
longitude, making in all 360° quite round, or elfe 
180 0 ealt, and 180 0 weft. 

5. And as the time of one whole revolution is di¬ 
vided into 24 hours; therefore 1 hour anfwcrsto 15“, 
or the 24th part of 3 Co°. Hence, 

1° of longitude anfwers to 4 min. of time, 

Ij' - - - - - - -toi min. of time, 

1' - - - . - - - to 4 fee. of time. Sec. 

6. The fhadows of thofc people who live under this 
circle are call to the fonthward of them for one half of 
the year, and to the northward of them during the 
other half; and twice in a year, viz, at the time of the 
equinoxes, the fun at noon calls no fltadow, being ex¬ 
actly in their zenith. 

Equinoctial Cohere , is the great circle palling 
through the poles of the world and the Equinoctial 
points, orfirft points of Aries and Libra. 

Equinoctial Dial , is one whofe plane is parallel 
to the EquiuoClial. The properties or principles of this 
dial are, 

x. The hour lines are all equally diftant from one ano¬ 
ther, quite round the circumference of a circle ; and 
the ftyie is a llraight pin, or wire, fet up in the cen¬ 
tre of the circle, perpendicular to the plane of the 
dial. 

2. The fun Ihines upon the upper part of this dial- 
plane from the 2lit of March to the 22dof Septem¬ 
ber, and upon the under part of the plane the other 
half of the year. 

Some of thefe dials are made of brafs, Sec ; and 
fet up in a frame, to be elevated to any given lati¬ 
tude. 

Equinoctial Points, are the two ojppofite point* 
where the Ecliptic and Equinoctial crof* each other ; 

thx; 
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flic one point being 1 in the beginning 1 of Aries, and 
tailed the Vernal point, or Vernal Equinox ; and the 
other in the beginning of Libra, and called the Autum¬ 
nal point, or Autumnal Equinox. 

It is found by obfervatinn, that the Equinoctial 
points, and all the other points of the ecliptic, are con¬ 
tinually moving backwards, or in antecedents, i. e. 
weft ward 3. This retrograde motion of the Equiuoftial 
points, is that phenomena ;t called the Preceflion of the 
Equinoxes, and is made at the rate of $o" every year 
nearly. 

EQUINOXES, the times when the fun enters 
the Equinoctial points, or about the 2 1 ft of March 
and 2zd of September: the former being the Vernal or 
Spring Equinox, and the latter time the Autumnal 
Equinox. 

As the fun’s motion is unequal, being fomelimes 
quicker and fomelimes flower, it hence happens that 
there are about 8 days more from the vernal to the au¬ 
tumnal Equinox, or while the fun is on the northern iide 
of the equator, than while he is in moving through the 
fouthcru figns from the autumnal to the vernal Equi¬ 
nox, or on the font hern iide of the equator. According 
to the obfervntions of M. Caflini, the 
lun is lHfts iq 1 ' 53™ in the northern figns, 
and only 178 14. 56 in the fuuthera figns, 
li) that 7 23 57 is the difference of them, or 
nearly 8 days. 

EQJl'INIJS Bsrla.'us, a kind of comet. See Hip- 
si us. 

EQUULEUtS, EqurcuLus, and Equus Minor, 
JErjui /eclio, the liorfe's Head, one of the 48 old conftclla- 
tions, iu the northern hemifpherc. Its liars, in Ptole¬ 
my's catalogue, art 4, in Tycho’s 4, in Iievclius’s 6, and 
in Flamiteed’s 10.. 

ERECT J'ifu.n. See Vision. 

Erect Dials, fueh as Hand perpendicular to the 
horizon, and arc of various kinds ; as Ercft Dircft, 
when they face exactly one of the four cardinal points, 
tail, weft, north, fourh : and EreI s l Declining, when 
declined from the cardinal points. See Dial. 

To Erect a I'crpeudieuhir, is a popular problem in 
practical geometry, and denotes to raife a perpendicular 
from a given line &c, as diftinguiihed from Demitting or 
letting a perpendicular fall upon u line ike, from finite 
point out of it. See Per eendicvl\r. 

ERIDANU8,the River ,a contlcllation of thefouth- 
ern hcmifpliere, and one of the 48 old atlerifms. The 
flars in this conitcllation, in Ptolomv’s catalogue, are 
34, in Tviho’s 19, and in the Britifh catalogue 84. 

ERRATIC, an epithet applied to the planets, 
whieli are called Erratic or wandering (tars, in contra- 
dilliuftion to the fixed liars. 

ESCALADE, or Scaladf., a furious attack of a 
wall or a rampart ; carried on with ladders, to pals the 
ditch, or mount the rampart ; without proceeding in 
form, breaking ground, or carrying on regular works 
to fccurc the men. 

ESPAULE, orEpAirLK. See Ep.itu.1. 

ESPLANADE, in Fortification, called alfo Gla¬ 
cis, a part which ferves as a parapet to the countcr- 
fcarp, or covert way ; being a declivity or Hope of earth, 
commencing from the top of the counterfcarp, and 
U>fing itfclf infenfibly in the level of the champaign. 


Efplanadc alfo means the ground which has been le¬ 
velled from the glacis of the counterfcarp,'to the firfl 
houfes 5 or the vacant fpace between the works and the 
houfes of the town. * 

The term is alfo applied, in the general, to any 
piece of ground that is made flat or level, and which 
before had fome eminence that incommoded the place. 

ESTIVAL Occident, Orient, or Solfliee. Sec Occi¬ 
dent, Orient, Solstice. 

EVAPORATION, the aft of diflipating the hu¬ 
midity of a body in fumes or vapour; differing hum 
exhalation, which is properly a difperflon of dry par¬ 
ticles iffuing from a body. 

Evaporation is ufually produced by beat, and by the 
change of air; thus, common fait is, formed by evapo¬ 
rating all the humidity in the brine or fait water; which 
evaporation is either performed by the heat of the fun, 
as in the filt-works on the fea-coalt, &c ; or by' means 
of fire, as at the falt-fprings, See ; and it is well known 
how ui'eful a brifk wind is in drying wet clothes, or the 
ftirface of the ground; while in a calm, llill utmo- 
fphere, they dry extreme llowly. 

But, though Evaporation be generally confidered as 
an effeft of the heat and motion of the air, yet M. 
Gautcron, in the Memo ires de 1 ’Acad. des Scienc. an. 
1705, (hews, that a quite oppofitc caufe may have the 
fame effeft, and that fluids lofe more of their parts in 
the feverelt froft than when the air is moderately warm: 
thus, in the great froft of the year 1708, he found 
that the greater the cold, the more conliderablc the 
evaporation ; and that ice it ft If loft .full as much a£ the 
warmer liquors that did not freeze. 

There are indeed few ftibjefts of philofophical in- 
vclligation that have occafioncd a greater variety of opi¬ 
nion than the theory of Evaporation, or of the afeent 
of water in fueh a fluid as air, between 8 and 9 hun¬ 
dred times lighter than itfclf, to different heights ac¬ 
cording to the different dcniitics of the air; in which 
cafe it mull be fpecifically lighter than the air through 
which it yTrends. The Cartelians account for it by 
fuppofing, that by the aftion of the fun upon the water, 
(mail particles of the water are formed into hollow 
fpheres and tilled with the mattria fultilis, which ren¬ 
ders them fpeeilicallv lighter than the ambient sir, fo 
that thev are buoy id up by it. 

Dr. Nituvvciityt, in his Religious Philofopher, cont. 
19, and ft vi ral others, have alleged, that the fun emits 
particles of fire which adhere to thofe of water, and 
form molecula 1 , or final! bodies, lighter than an equal 
bulk of air, which contequeutly afeend till they come 
to a height where the air is of the fame fpocitic gravity 
with themfelves ; and that thefe particles being feparated 
from the fire with which they art incorporated, coaleftc 
and defcentl in dew or rain. 

Dr. Halley has advanced another hypothefis, which' 
has been more generally received ; he imagined, that- 
by the aftion of the fun on the furface of the water, the 
aqtteous particles are formed into hollow fpherulcs, 
tliat are filled with a finer air highly raidied, fo ns to 
become (pecifically lighter than the external air. Philof.- 
Tranf. number 192, or Abr. vol. 2, p. 126. 

Dr. Defaguliers, diffatisfied with thefe two liypo- 
thefes, propoies another iu the Philof. Tranf. number 
407, or Abr. vok 7, pa. 61. See alfo his Courfe of 
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Experimental PhQofophy, vol. 2, p. 336. He fup- 
polcs that heat ads more powerfully on water than on 
common air; that the fame degree of heat which rare¬ 
fies air two-thirds, will rarefy water near 14,000 times; 
and that a very fmall degree of heat will raife a lleam 
or vapour from water, even in winter, whilft it con- 
denfes the air ; and thus the particles of water arc con¬ 
verted into vapour by being made to repel each other 
ftrongly, and, deriving electricity from the particles of 
air to which they are contiguous, are repelled by them 
and by each other, fo as to form a fluid which, being 
lighter than the air, riles in it, according to their rela¬ 
tive gravities. The particles of this vapour retain their 
repellent force for a conlidcrable time, till, by fomc 
diminution of the denfity of the air in which they float, 
they are precipitated downwards, and brought within 
the fpliere of each other’s attraction of coheiion, and 
fo join again into drops of water. 

Many objections have been urged againll this opi¬ 
nion, by Mr. Clare in his Trcatife of the Motion of 
Fluids, pa. 294, and by Mr. Rowning in his Syftem 
of Philofophy, pait 2, diff. 0 ; to which Dr. Hamilton 
has added the two following, viz, that if heat were the 
only caufe of evaporation, water would evaporate fader 
in a warm clofe room, than when expofed in a colder 
place, where there is a conftant current of air; which 
is contrary to experience ; and that the evaporation of 
water is fo far from depending on its being rarefied by 
heat, that it is carried on even vrhilft water is con- 
denfed by the coldnefs of the air, till it freezes ; and 
finer it evaporates even when frozen into hard ice, it 
mud alfo evaporate in all the leffer degiees of cold. 
And therefore heat does not feem to be the principal, 
much lefs the onlycaufc of Evaporation. 

Others have more fuccefsfuliy accounted for the 
phenomena of Evaporation on another principle, viz 
that of dilution; and (hewn, from a variety of experi¬ 
ments, that what we call Evaporation, is nothing more 
than a gradual dilution of water in air, produced and 
fupported by the fame means, viz, attraction, heat, and 
motion, by which other dilutions arc effected. 

It fecnis the Abbe Nollet firft darted this opinion, 
though without much purfuing it, in his Lci;oiis de 
Fhyiique Experimentale, firft publiihed in 1743 ; he 
oilers it as a conje&ure, that the air of the atmofphere 
i'erves rs a folvent or fponge, with regard to the bodies 
that cncompafs it, and receives into its pores the vapours 
and exhalations that are detached from the mafles to 
which they belong in a fluid flatt; and he accounts for 
their adrift on the fame principles with the afeent of 
liquors in capillary tubes. On his hypothecs, the 
condenfation of the air contributes, like tiic fqueezing 
of a fponge, to their defeent. 

Dr. Fianklin, in a paper of Philofophical and Me¬ 
teorological Obfervationa, Conjedlurcs and Suppofi- 
tions, delivered to the Royal Society about the year 
1747, and read in 17.56, fuggefted a limilar hypothclis: 
lie obferves, that air and water mutually attradl each 
other ; and hence he concludes, that water will difl'olve 
in air,' as lalt in water; every particle of air afiiiming 
.one or more particles of water; and when too much is 
added, it precipitates in rain. But as there is not the 
fame contiguity between the particles of air as of wa¬ 
ter, the dilution of water in air is not carried on without 


a motion of the air, fo as to caufe a frefh acceffion of 
dry particles. A fmall degree of heat fo weakens the 
coheiion of the particles of water, that thofe on the 
furfacc calily quit it, and adhere to the particles of air s 
a greater degree of heat is ncceflary to break the cohe- 
fion between water and air $ for its particles being by 
heat repelled to a greater diftance from each other, 
thereby more eafily keep the particles of water that 
are annexed to them from running into cohefions that 
would obilrudt, refradt, or refledt the heat; and hence 
it happens that when we breathe in warm air, though 
the fame quantity of moifturc may be taken up from 
the lungs as when we breathe in cold air, yet that 
moifturc is not fo vifible. On thefe principles he ac¬ 
counts for the production and different appearances of 
fogs, mifts, and clouds. He adds, that if the parti¬ 
cles of water bring eledtrical fire when they attach 
tiicmfelves to air, the repullion between the particles of 
water eledtrificd, joins with the natural repullion of the 
air to force its particles to a greater diftance, fo that 
the air being more dilated, rifes and carries up with it 
the water ; which mutual repullion of the particles of 
air is increafed by a mixture of common lire in the par¬ 
ticles of water. When air, loaded witli furrounding 
particles of water, is eomprefled by adverfc winds, or 
by being driven againll mountains, Sec, or condenfed 
by taking away the fire that afiilted it in expanding, 
the particles will approach one another, and the air 
with its water will del’cend as a dew; or if the water 
furrounding one particle of air come in contadl with 
the water lurrounding another, they coalefce and form 
a drop, producing rain ; and fince it is a well-known 
fad, that vapour is a good conductor of eledricity, as 
well as of common fire, it is reafonable to conclude with 
Mr. Henley, that Evaporation is one great caufe of 
the clouds becoming at times furcharged with this 
fluid, Philof. Tranf. vol. 67, pa. 134. See alfo vol. 
55, p. 182, or Franklin’s Letters and Papers on Philo¬ 
fophical Subjeds, p. 42 Sec, and pa. i82,ed. 1769. 

M. le Roi, of the Acad, of Sciences at Paris, has 
alfo advanced the fame opinion, and fupported it by a 
variety of fads and obfervations in the Memoirs for 
the year 1771. He Ihews, that water does undergo 
in the air a real dilfolution, forming with it a tranfpa- 
rent mixture, and poflefting the fame properties with 
the folutions of moll falls in water; and that the two 
principal caufcs which promote the folution of water in 
the air, are beat and wind; that the hotter the air is, 
within a certain limit, the more water it will diflblve ; 
and that at a certain degree of heat the air will be fa- 
tunited with water; and by determining at different 
times the degree of the air’s faturation, he eftimates the 
influence of thofe caitfes on which the quantity depends 
that is fufpended in the air in a Hate of folution. Ac¬ 
cordingly, the air, heated by evaporating fubilances to 
which it is contiguous, becomes more rare and light, 
rifes and gives way to a denfer air ; and, by being thus 
removed, contributes to accelerate the Evaporation. 
The fixed air contained in the internal parts of evapo¬ 
rating bodies, put into adlion by heat, feems alfo to iu- 
creaie their Evaporation. The wind is another caufe 
of the incrcafe of Evaporation, chiefly by changing 
and renewing the air which immediately encompafics 
the evaporating fubftanccs ; and from the confidcration 
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•f thcfe two caufea combined, it appears why the quan¬ 
tity of vapour raifed in the night is lefs than that of the 
day, fince tlie air is then both lefs heated and lefs agi¬ 
tated. To the obje&ion urged again!! this hypothecs, 
0:1 account of the Evaporation of water in a vacuum, 
this ingenious writer replies, that the water itfelf con¬ 
tains a great quantity of air, which gradually difengages 
itfelf, and caufes the Evaporation; and that it is nn- 
polfible that a fpace containing water which evapo¬ 
rates ihouU remain pciEctly lire from air. To this 
objection a late writer, Dr. Dobfon of Liverpool, re¬ 
plies, that though air appears, by unquellionablo expe¬ 
riments, to be a chemical folvcnt of water, and as fuel), 
is to be conitdercd as one caufc of its Evaporation, heat 
is another caufc, ailing without the intervention of air, 
and producing a copious Evaporation in an exhuuRcd 
receiver ; agreeably to an experiment of Dr. Irving, 
who fays, that in an cxhandled rcceivir water riles in 
vapour more copioufly at i"o° of lrahrenhrfc’s ther¬ 
mometer, than in the open air at 2 12°, its boiling point. 
Dr. Dobfon farther adds, that water may exill in air 
in three different dates ; in a ilatc of peilict foluli-m, 
when the air will he clear, dry, and heavy, and its 
powers of iolution Hill adtive ; in a Hate of beginning 
pie. g 'union, when it becomes moill and foggy, its 
powers of filiation are diminiflicd, and it becomes 
light.: - in proportion as its water is depolited ; and alio, 
when it is completely precipl'nted, which may happen 
either by a flower procefs, when the ditTolvcd water 
t.:'l- i i a dri/.tling rain, or by a mo - , hidden procefs, 
when it d. r >'; i ds in brilk fliowers. 1 ‘hilof. Tranf. vol. 
67, p. 277, and Phipps’s Voy age towards the North 
Pole, p. 211. 

Dr. Ham lit .11, profeffor of pltilofophy in the uni- 
verlitv of Dublin, t. anfm’tted to the Royal Society in 
1765, along D* flirtation on the nature of Evapora¬ 
tion, in which lie pi <pofcs and ellablilhes this theory 
of filiation ; and tnough other writers had been prior 
in tin' - co - .ji dtures, and even in their reafoning on 
this fubjedt, Dr. Hamilton aifurcs us, that he has not 
reprefented any thing as new which lie was confcious 
had cvi-r been propoied by any one before him, even 
as a conjecture. Dr. Hamilton having evinced the 
ajjrceme.il between Solution and Evaporation, concludes, 
that Evaporation is nothing more than a gradual Iolution 
of vvat ■- in air, produced and promoted by attraction, 
heat, and motion, jull as other folations arc effected. 

To account for the afeent of aqueous vapours into 
the atmofphiTi - , this ingenious writer ubferve-., that the 
lowed part of the air being prilled by the weight of 
the upper againlt the furface of the water, and con¬ 
tinually rubbing upon it by its motion, attracts and dif- 
folves thofe particles with which it is in contact, and 
feparates them from the red of the water. And fince 
the caufc of folution in this calc is the firongcr at¬ 
traction of tin - particles of water towards the air, than 
towards cadi other, thofe that are already dilfolvcd and 
taken up, will be Hill farther railed by the attraction 
of the dry air that lies over them, and thus will dif- 
fufe themfelves, riling gradually higher and higher, and 
fo leave the lowed air not fo much faturated but that 
it will Hill be able to diflblve and take up frefh parti¬ 
cles of water j which procefs is greatly promoted by 


the motion of the wind. When the vapours are thus 
raifed and carried by the winds into the higher and 
colder parts of the atmofphere, fome of them will 
coalefcc into fmall particles, which flightly attracting 
each other, and being intermixed with air, will form 
clouds ; and thefe clouds will float at different heights, 
according to the quantity of vapour borne up, and the 
degree of heat in the upper parts of the atmofphere: 
and ihus clouds arc generally higher in fummer than in 
winter. When the clouds are much increafed by a 
continual addition of vapours, and their particles are 
driven dole together by the force of the winds, they 
will run into drops heavy enough to fall down in rain. 
If the clouds be frozen before their particles are ga¬ 
thered into drops, final! pines of them being condenied 
and made heavier by the 1 > kl, fall down in thin flakes 
of fmnv. Win 11 the particle:; are formed into drops 
befoie they are frozen, they become hailitoncs. When 
tin- air i.i replete with vapoms, and a cold breeze 
fprings up, which checks the folution of them, clouds 
are funned in the lower parts of the atmofphere, and 
compofe a mill or fog, which ufuallv happens in a cold 
morning, and is difpeifcJ when the fun lias warmed 
the air, and made it capable of diffolving thcfe watry 
particles. Southerly winds commonly bring rain, bc- 
caufe, being warm and replete with aqueous vapours, 
they are cooled by coining into a colder climate; and 
therefore they part with lome of them, and fuller them 
to precipitate in rain: whereas northerly winds, being 
cold, and acquiring additional heat by coming into a 
warmer climate, me ready to diffolve and receive more 
vapour than they before contained ; and therefore, by 
long continuance, they are dry and parching, and com¬ 
monly attended with fair weather. 

Changes of the air, with re 1'peel to its denilty and 
rarity, as well as its heat and cold, will produce con¬ 
trary effect s in the folution of water, and the confequcnt 
afeent or full of vapours. Several experiments prove 
that air, when rarefied, cannot keep fo much water dif- 
folved as it does in a more cmulenfed Hate ; and there¬ 
fore when the atmofphere is faturated with water, and 
changes from a dcofer to a rarer Hate, the high and 
colder parts of it will let go fome of the water before 
diffolvid, ff lining new clouds, and diipoiing them to 
fall down in rain : but a change from a rarer lo a den¬ 
ier Hate v. ! Hop the pree.pitalion of the vrajer, and 
enable the air to diffolve, either in whole or in part, 
fome of thofe clouds that were form'd before, and rendu - 
their particles lefs apt to run into drops and fall down 
in rain : on this account, we generally lino that the 
rarefied and condcnff ’ Hates H the atmofphere are n- 
lpcdlively attended with rain or fail weather. See more 
on this lubjert in the Phil 1 . Tim.!, vol. 55, pa. iq6, 
or Hamilton’s Philofophical Elfats, p. 33. 

Dr. Halley, before mentioned, has furni filed fome 
experiments 011 the Evaporation ol water; the rcfult 
of which is contained in the following articles: f. That 
water l'alted to about the fame degree as feu-water, and 
expofed to a heat equal to that of a lumnter’s day, did, 
from a circular furfacc of about 8 inches diameter, eva¬ 
porate at the rate of 6 ounces in 24 hours: whence by 
a calculus he finds that, in l'ucli circumilances, theiwa¬ 
ter evaporates i-ioth of an inch deep in 12 hours; 
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which quantity, he obferves, will be found abundantly In the Tranfa&Ions of the American Philofophlca! 
fufficient to furnifh all the rains, fpruigs, dews, &c. By Society, vol. 3, pa. 125, there is an ingenious paper on 
this experiment, every 10 fquare inches of furface of Evaporation, by Dr. Wiflar. It is there fttewn, that 
the water yield in vapour per diem a cubic inch of water: evaporation ariies when the moift body is warmer than 
and each fquare foot half a wine pint; every fpace of the medium it is inclofed in. And, on the contrary, 
4 feet fquare, a gallon ; a mile fquare, 6914 tuns; and it acquires moifture from the air, when the body is the 
a fquare degree, of 69 Englifh miles, will evaporate 33 colder. This carrying off, and acquiring of moifture, 
millions of tuns a day; and the whole Mediterranean, it is fhewn, is by tiie paflage of heat out of the body, 
computed to contain 160 fquare degrees, at leaft 5280 or into it. , 

millions of tuns each day. Philof. Tranf. number 189, EUCLID, of Megara, a celebrated philofophcr and 
or Abridg. vol. 2, pa. 108.—2. A furface of 8 fquare logician ; he was a difcfple of Socrates, am! floiirifhcd 
inches, evaporated purely by the natural warmth of the about 400 years before Chrift. The Athenians, having 
weather, without either wind or fun, in the courfe of a prohibited the Megarians from entering their city on 
whole year, 16292 grains of water, or 64 cubic inelies ; pain of death, this philofophcr difguifed hirr.fdfin wo- 
confequcntly, the depth of water thus evaporated in one men’s clothe:; to attend the le&urvs of Socrates. After 
year, amounts to 8 inches. But this being too little the death of Socrates, Plato and other pb'Jofophers 
to anfwer the experiments of the French, who found went to Euclid at Megara, to 'belter them-'elves from 
that it rained 19 inches of water in one year at Paris; the tyrants who governed Athens.—This philofophcr 
or thofc of Mr. Townley, who found the annual quau- admitted but one chief good ; which he at different 
tity of rain in Lancaihire above 40 inches; he eon- times called God, or the spirit, or Prrvidncs. 


eludes, that the fun and wind contribute more to Eva¬ 
poration than any internal heat or agitation of the win¬ 
ter. In effect, Dr. Halley fixes the annual Evapora¬ 
tion of London at 48 inches ; and Dr. Dohfnn Hates 
the fame for Liverpool at 36^ inches. Philof. Tranf. 
vol. 67, p. 252. 

3. The effect of the wind is very con(klerable, on a 
double account; for the fame ohfervations fhew a very- 
odd quality in the vapours of water, viz, that of adher¬ 
ing and hanging to the furface that exhaled them, 
which they clothe as it were with a fleece of vapuur- 
ous air; which once inverting the vapour, it afterwards 
riles in much lefs quantity. Whence, the quantity of 
water loft in 24 hours, when the air is very Hill, was 
vtrv final], in proportion to what went off when tin re 
was a ftrong gale of wind abroad to diflipate the 
fleece, and make room for the cmilfion of vapour; and 
this, even though the experiment was made in a place 
as clofe from the wind as could be contrived. Add, 
that this fleece of water, hanging to the furface of wa¬ 
ters in ftill weather, is the ocealion of very flrange ap¬ 
pearances, by the rcfraction of the vapours differing 
from and exceeding that of common air: whence every 
thing appears railed, as houfes like lleeplcs, flops as 
on land above the water, the land raifed, and as it 
were lifted front the fca, &c. 

4. The fame experiments fhew that the,Evapora¬ 
tion in May, June, July, and Augull, which are nearly 
equal, aie about three times as great as thofe in the 
months of November, December, January, and Febru¬ 
ary. Philof. Tranf. numb. 212, or A hr. vol. 2, pa. r 10. 

Dr. Biownrigg, in his Art of making common fait, 
pa. 1 -9, fixes the Evaporation of feme parts of Eng¬ 
land at 73 8 inches dining the months of May, June, 
July, and Augnrt ; and the Evaporation of the whole- 
year at more than 140 inches. But the Evaporation 
of the four fumnier months at Liverpool, on a medium 
of 4 ytzrs, was found to be only i8-K8 inches. Alfo 
Dr. Hales calculates the greateft annual Evaporation 
from the furface of the earth in England at 6-66 inches; 
and therefore the annual Evaporation from a furface 
of water, is to the annual Evaporation from the furface 
of the earth at Liverpool, nearly as 6 to 1. Philof. 
Tranf. vol. 67, ubi fupra. 


Et'v ui>, the celebrated mathematician, according 
to the account of Pappus and Proolus, was born at 
Alexandria, in Egypt, where he Homilhed and t.night 
mathematics, with great applaule, uiukr the reign of 
Ptolomy Lagoa, about 2S0 years hefoi,* Ciirill. And 
litre, from his time, till theconquell of Alexandria by 
the Saracens, all the eminent mathematicians were 
either bom, or ilmlied ; and it is to Euclid, and his 
fcholars, we arc beholden for Eratotthcnes, A 'tiii- 
mcdcs, Apollonius, Ptolomy, Theon, 6ce, &c. He re¬ 
duced into regularity and order all the fundamental 
principles of pure mathematics, which had been de¬ 
livered down by Thales, Pythagoras, Eudoxus, and 
other mathematicians before him, and added nu:.v 
others of his own difeovering: on which account it ii 
laid lie was tiie firll who reduced arithmetic and geo¬ 
metry into the form of a fciencc. He likevvil'c applied 
himfelf to the lludy of mixed mathematics, particularly 
to allronomv and optic-s. 

His works, as we icarnfrom Pappus .and Proems, are 
the 1 ',Inverts, D.uii, Itt/i ndulhon to Harmony, P/vnotnem, 
Optus, Cat/fries, a Trea'rfe of the Divifon of Snpeifris, 
Porifms, Lori ad Supr.friem, F, diaries, and Four looks o f 
(ionics. The nvl celebrated of thefr, is the firil work, 
the Elements of Geometry ; of whit li there have been 
numberlcfs editions, in all languages ; and a fine edi¬ 
tion of all his works, now .extant, was printed in 170-5, 
by David Gregory, Savilian profeffor of aftronomv at 
Oxford. 

The Elements, as commonly pnbliflied, eotififtof r 7 
books, of which the two lad it is ftifpccled arc not 
Euclid’s, but a comment of Hypficles of Alexandria, 
who lived 200 years after Euclid. They- are divided 
into three parts, viz, the Contemplation of Superficies, 
Numbers, and Solid:-: The tlril 4 books treat of planes 
only-; the 5th of the proportions of magnitudes in ge¬ 
neral ; the 6th of the p-.oportioti of plane figures ; the 
yth, 8th, and 9th give us tiie fundamental properties 
of numbers ; the loti: contains the theory of commen- 
furableand it.-commcnJiirable lines and fpaecs ; the nth, 
12th, 13th, 14th, and 15th, treat of the dodtrine of 
folidr. 

There is no doubt Lut, before Euclid, Elements of 
Geometry were compiled by Hippocrates of Chius, 
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Eudoxus, Leon, and many others, mentioned by Pro- 
clus, in the beginning of his fecund book; for he affirms 
that Euclid new ordered many things in the Elements 
of Eudoxus, completed many things in thofe of Thea- 
tetus, and befides llrengthencd fueli propofitions as be- 
fore were too (lightly, or but fuperiicially ellabliffved, 
with the mod firm and convincing demonffrations. 

Hidory is filent as to the time of Euclid’s death, or 
bis age. He is reprefented as a perfon of a courteous 
and agreeable behaviour, and in great eileem and fa¬ 
miliarity with king Ptolomy; who once a (king him, 
whether there was any (horter way of coming at geo¬ 
metry than by his Elements, Euclid, as Proclus teili- 
fics, made anfwer, that there was no royal way or path 
to geometry. 

EUDIOMETER, an indrument for determining 
the purity of the air, or the quantity of pure and ile- 
phlogillicated or vital air contained in it, chiefly by 
means of its diminution on a mixture with nitrous air. 

Indruments of this kind have been but lately made, 
and that in confcquencc of the experiments and difeo- 
veries of Dr. PriiUley, for determining the falubrity 
of different kinds of air. That writer having dift-overed, 
that when nitrous air is mixed with any other air, their 
original hulk is dimiuiflied ; and that the diminution is 
nearly, i( not exactly, in proportion to its faluhiity ; 
lie was hence led to adopt nitrous air as a true ted of 
the purity of refpirable air; and nothing more feemed 
to be neceffary but an eafv, expeditious, and accurate 
inethoel of edimatiug the degree of diminution in dif¬ 
ferent cafes ; and for this purpofc, the Eudiometer was 
contrived; of which feveral kinds have been invented, 
the principal of which arc the following. 

I. The Eudiometer originally ufed by Dr. Pricdley 
is a divided glafs tube, into which, after having filled 
it with common water, and inverted it into the fame, 
one meal lire or more of common air, and an equal 
quantity of nitrous air, arc introduced by means of a 
(mail phial, which is called the nuufure ; and thus the 
diminution of the volume of the mixture, which is feen 
at once by means of the graduations of the tube, in- 
llantly dilcovers the purity of the air required. 

II. The difeovery of Dr. Pricdley was announced 
to the public in the* year 1777. ; and feveral perfons, 
both at home and abroad, prefcntly availed themlelvcs of 
it, by framing other more accurate inllrumcnts. The 
firlt of thefe was contrived by M. Landriani; an ac¬ 
count of which is published in the 6th volume of Ro¬ 
ller's Journal, for the year 177?. It eonlifls of a glafs 
tube, fitted by grinding to a cylindiical vcffel, to which 
are joined two glafs cocks anil .1 final] bafon ; the whole* 
being fitted to a wooden frame. In this inilrumciit 
quickfilvcr is ufed intlead of water; though that is at¬ 
tended with an inconvenience, bceanfe the nitrous air 
a6ts upon the metal, and renders the experiment ambi 
guous. 

III. I11 1777, Mr. Magellan published an account 
of three Eudiometers invented by himfelf, confifliiig of 
glafs vefi’els of rather difficult conflnifction, and trouble 
tome ufe. Mr. Cav.tllo obferves, that the conftrudtion 
of all the three is founded on a fiippofition, that the 
mixture of nitrous and atinofpherical air, having con¬ 
tinued for fomc time to dimiuifh, afterwards increafes 
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again ; which it feems is a miffakt: neither do they 
give accurate or uniform refults in any two experiments 
made with nitrous and common air of precifcly the fame 
quality. 

IV. A preferable method of difeovering the purity 
of the air by incans of an Eudiometer, is recommended 
by M. Fontana, of very great accuracy. The inftru- 
ment is originally nothing more than a divided glafs 
tube, though the inventor afterwards added to it a com¬ 
plicated apparatus, perhaps of little or no ufe. The 
firlt fnnple Eudiometer confided only of a glafs tube, 
uniformly cylindrical, about 18 inches long, and 3-4th* 
of an inch diameter within fide, the out fide being mark¬ 
ed with a diamond at fueli di (lances as are ex rifely filled 
by equal mtafiires of clallio fluids : and when any parts 
of thefe diviiimis are required, the edge of a ruler, di¬ 
vided into inches and fuuilcr parts, is held againft the 
tube, fo as that the Jirfl divilion of the ruler may coin¬ 
cide with one of the marks on the tube. The nitrous 
and atmofpherical air are intioduced into this tube, in 
order to be dimiuiflied, and thence the purity of the 
atmofpheiic air ascertained. 

V. M. Sauffuic of Geneva has alfo invented an Eudio¬ 
meter, which he thinks is more exact than any of thofe 
before deferibed ; the apparatus of which is as follows ; 
1. A cylindrical glafs bottle, with a ground flopple, con¬ 
taining about 51 ounces, which ferves as a receiver for 
mixing the two airs.—2. A (mail glafs phial, to ferve 
as a ineafure, and is about one-third the (ize of the re¬ 
ceiver.—3. A fmall pair of feales that may weigh very 
exactly.—4. Several glafs bottles, for containing the 
nitrous or other air to be ufed, and which may fupply 
the place of the lecipicnt when broken. The method 
of uling it is as follows : The receiver is to be filled 
with waier, doled exactly with its glafs Hopper, wiped 
dry on the outlide, and then weighed very nicely. Being 
then immerged in a vcffel of water, and held with the 
mouth downwards, the Hopple is removed, and, by 
means of a funnel, two mcafures of common and one 
of nitrous air are introduced into it, one after another: 
thefe dimiuifh as foon as they come into contact; in 
coufequeiice of which the water enters the recipient in 
proportionable quantity. After being /lopped and 
well fhaken, to promote the diminution, the receiver is 
to lie opened again under water; then flopped and 
fhaken again, and fo on for three times fu'ceeffively, 
after which the bottle is flopped for the lad time under 
water, then taken out, wiped very clean and dry, and 
exactly weighed as before. It is plain that now, the 
bottle being filled partly with claflic fluid and partly 
with water, it muff be lighter than when quite full of 
water; and the difference between thofe two weights, 
(hows nearly what quantity of water would (ill the (pace 
occupied by the diimniihcd elallie fluid. Now, in 
making experiments with airs of different degrees of 
purity, the laid iliffcrine will be greater when the di¬ 
minution is iefs, or when the air is lefs p.ire, and vice 
verfa ; by which means the comparative purity between 
two different kinds of air is determined. 

VI. But as this method, notwithllanding the encomi¬ 
ums beftowed on it by the inventor, is fubjidl to feveral 
errors and inconveniences ; to remedy all tiu.it', another 
inilrumciit was invented by Mr. Cavallo; the defcrip- 
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tioii of which, being long, may be feci in his Treatife 
01 the Nature and Propert ies of Air, pa. 344. 

Other conftni&ions of the Eudiometer have alfo been 
given by Mr. Cavcndifh and Mr. Sehecle. For farther 
information, fee Magellan’s Letter to Dr. Prieftley, 
containing the Defcription of a Glafs Apparatus, &e, 
and of New Eudiometers &rc, 1777, pa. 15 &c ; Prielt- 
lry’s F.xp. and Obf. on Air, vol. 3, preface and appen¬ 
dix ; the methods of Dr. Ingenhoufc in Philof. Tranf. 
rol. fit'), art. tc ; fee alfo the Philof. Tranf. vul. 73 ; 
and C'uvallo's Treatife on Air, pa. 274, 315, 31^, 317, 
32«, 340, 344, and 834. . ' 

EDDOXllS, eif Cnidus, a city of Curia in Ada 
Minor, (louritluil about 370 years, before (’brill, lie 
learned geometry from Archytas, and afterwards tra¬ 
velled into Egypt t«i learn aUrnnomv and otlu-r lei "i- 
Cfs. There he and Plat.) (Iudied together, as Laertius 
informs us, for the fpace of 13 years ; and aiterwards 
came to Atltens, fraught with nil forts of know vdg", 
which they had imbibed from the mouths of the pried... 
Here Eudoxus opened a fchool ; which he fiipported 
‘with fo much glory and renown, that even Plato, though 
his friend, is laid to have envied him. Eudoxus con- 
pofed Elements of Geometry, from whence Euclid li¬ 
berally borrowed, as mentioned by Produs. Cicero call; 
Eudox 11s the greateft aftronotner that had ever lived: and 
Petronius fays, he fpent the latter part of his life upon 
the top of a very high mountain, that he might contem¬ 
plate* the liars and the heavens with more convenience and 
lefs interruption : and we learn from Strabo, that there 
were fome remains of his oblirvatorv at Cnidus, to be 
fren even in his time. He died in the 53J year of his 
a”’?, 

EVECTTON, is iifcd by fome aflronoiners for the 
J.ibratfon of the moon ; being an inequality in her mo¬ 
tion, by which, at or near tin* quadratures, (he is not 
in a line drawn through the centre of the earth to the 
fan, an (he in at the fy/.ygios, or conjunction and rppo- 
fition, but makes an angle with that line of about 2' 
S*'- T lie motion of the moon about licr axis onb is 
equable, whit h mtat ion is pc formed exactly in tin- f ;me 
time as (he revolves abom the ca.th ; for which reafon 
it in that (he turns always the hum* face towards thi 
cuth nearly, and would d.i ft, exactly were ii rmt ihit 
her menftrual motion about the tartli, in an ellij,!!.- or¬ 
bit, is not equable ; on which at count the mo> n, fem 
fiom the earth, appears to hbrate a huh' upon her avis, 
iometitnes from call to w-il, and /.metimes from veil 
to call ; or fome parts in the cad tin limb of the moon 
go back wends ;n'id forwards a fmall fpace, and fome 
that were cmifpicuous, are hid, and then appear again. 

The term Evfction is ufed by fome allronomcrs, to 
denote that equation of the moon’s motion, whie'i in 
proportional to tIn- fine of double the diltancc of the 
1110011 from the (on, diininifli'd by the moon’s ano¬ 
maly : this equation <’s not yet accurately determined ; 
fome (late ii at l f ’ 30', otheis at 1° if/, &c. It is the 
great ell of all the moon’s equations, except the Equation 
«>f lh'* Centre. 

EVEN Namier, is that which can be divided into 
two equal whole numbers ; fueli as the fcrics of alter¬ 
nate murdiers 2,4, fi, 8, to, Stc. 

EVENLY Even Number , is that which an even num¬ 


ber meafures by an even number; as 16, which the even 
number 8 mealures by the even number 2. 

Evenly Odd Number , is that which an even number 
meafures by an odd one ; as 30, which the even num¬ 
ber 6 meafures by the odd number 5. 

EVERARD’s Sliding Rule, a particular fort of 
one invented by Mr. Thomas Everard, for the purpofe 
of gauging. See Sliding Rule. 

ElU.ER (Leonard), one of the moll extraordi¬ 
nary, and even prodigious, mathematical geniufes, that 
the world ever produced. He was a native of Bafil, 
and was born April ij, 1707. The years of his in¬ 
fancy wen palled at Richen, where his father was mi- 
i/tlrr. He was afterwards fent to the univcrlity of 
Until; and as his memory was prodigious, and his ap- 
ph’eation regular, he perform'd his academical talks 
wi;li great rapidity; and all the time that he laved by 
thin, was coulcerateil to tin* !iudv of mathematics, which 
toon luvarne his fev, un ite (• :■ nee. Tlie early progiefs 
he made in this tluJy, added fiidh aidmir to his appli¬ 
cation ; by which too !u* C’!:i.ii.u'(l a diilinguilhed place 
in tiiat I • *m * i.jia a;.d "{Ken’, ui profcll'or J0I111 llenioalli, 
who was then o.u* of the cl. iu matliemr tieian -in Europe. 

In J "23, M. Euler took hi.> degree a", mailer of arts; 
n’ t! delivered on that oecafion a Latin difconvfe, in 
which he drew a companion bit wet. 11 the pliilofophy 
of Newton and the Carteliaii fyllcm, wliich was received 
with the grcatcll appluuic. At his father’s dt.fire, lie 
next applied himfeli to the (hidy of theology and tlie 
oriental languages : and though thefe (Indies were fo¬ 
reign to his predominant piopcnfity, his fuccefs was 
conliderable even in this line: however, with his father’s 
confent, lie afterward returned to mathematics as his 
principal object. In continuing to avail himfclt of the 
counfels and i.ilirueiions of M. Bernoulli, he contracted 
an intimate frienJuiip with his two fons Nicholas and 
Daniel ; and it wr.; chiefly in confequcnce of tliefc con¬ 
nections that lie afterwards became the principal orna¬ 
ment of the p’niiolophieal world. 

Tile project of en "ting an academy at Feteiflmrg, 
which !i,.d "bieu femned by Peter the Great, was execut¬ 
ed Kv t.'atinriiie tin. ill ; and tin* two young JK.rnouI- 
lis being invited to l\torlI>urg i.i 1 72 7, prontifeil Euler, 
who was delirous of following them, that they would 
life tln-ir endeavoms to pvo» are fer him an advanta¬ 
geous nttkment in that ily. In the mean time, by 
their advice, he mi.de clofc appiic it ion t,i the iludy of 
pliilofophy, to whieh he made happy uppliciticus of his 
mathematical knowledge, in a dilii.rtutioii on the na¬ 
ture and propagation of found, arid an an fiver to a piize 
quellion concerning the mailing of (hips ; to which the 
Academy of Sciences adjudged the r.rcNf;!, or fceond 
rank, in the year 1727. From lIi is latter difeourfe, 
and other eircumflances, it appears that Euler had very 
early embarked in the eurioin and ufefnl iludy of naval 
architecture, which he afterward enriched with fo many 
valuable difcovcrics. The iludy of mathematics and 
pliilofophy however did not tolely engage his attention, 
as he in the mean time attended the medical and bota¬ 
nical leisures of the profelfors at llalil. 

Euler’s merit would have given him an cafy admif- 
fion to honourable preferment cither in the magiitracy 
or uaiverfity of his native city, if both civil and acade¬ 
mical 
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mi cal lionoure had not been there diftributcd by lot. 
The lot being againff bint in a certain promotion, lie 
left bin country, let *>'■< iui P.-ter/burg, and was made 
joint profeflbr with hie countrymen Hermann and Da- 
niel Bernoulli in the n.-iwrlhy of that city. 

At iiis lb It fetting t it in hri new career, he enriched 
the academical eiJL-ct.on v, ith Tnany memoirs, wdiich 
excited a noble emulation K-lweeii hi,;- and the Ber¬ 
noulli's ; an emulation that always con tinned, without 
Cither r.b-generating into a felfilh jealoufy, or producing 
the le.dt alteration in tin ir fri.-nd/hip. It was at this 
time that he carried to new tit gives of perfection the 
integral calculus, invented the calculation by lines, re¬ 
duced analytical operations to a giLater /implicit)-, and 
thus was enabled to throw new light on all the parts of 
mathematical fcience. 

In 1730, M. Kuler was promoted to the profcfJbr- 
fliip of natural philofophy ; and in 1733 he l'ucc-ccdcd 
his friend D. Bernoulli in the mathematical chair. In 
» 73 3, a problem was propofed by the academy, which 
required expedition, ami for the calculation of which 
home eminent mathematicians bad demanded the Ipace 
of foine months. The problem was undertaken by 
Euler, who completed the calculation in three days, 
to the great uttonithir.cnt of the academy : but the 
violent a.:d laborious efforts it coll him threw him 
into a fever, which endangered his life, and deprived 
him of the ufe of his right eye, which afterward 
brought on a total blindnefs. 

The Academy of Sciences at Pans, which in 1738 
had adjudged the prize to his memoir Concerning the 
Nature and Properties of Fire, propofed for the year 
1740 the important t’uljjc-dt of the Tides ot the Sea j a 
problem whofc folution compiehended the theory of 
the folar fyllcin, and required the mull arduous calcu¬ 
lations. Euler's folution of this que/lion was adjudged 
a mafi.cr-pii.ce of analyfis and geometry ; and it was 
more honourable for him to /hare the academical pi izc 
with fuch illullrious competitors as Colin Maclauriii 
and Daniel Bernoulli, than to have carried it away 
from rivals of K Is magnitude. Seldom, if ever, did fucli 
a brilliant competition adorn the annals of the academy; 
ami perhaps no fub je<fl, propofed by that learned body, 
was ever treated with fuch force of genius and aeeurai y 
of invclligation, as that which here difpluved the phi- 
lofophical powers of this extraordinary triumvirate. 

T11 the year 1741, M. Eider was invited :■ ■ Berlin 
to direfl and affilt '.lie academy tha! was ther. -.ilbig in¬ 
to fame. On this oceafion he enriched the lull volume 
of the Mil". 1 llauies (Melanges) of Berlin with five me¬ 
moirs, which form an eminent, perhaps the principal, 
figure in that collection. Thole were followed, with 
amazing rapidity, by a great number of impoitaat n- 
fearchcs, which are difperfed tlmiugh the memoirs of 
the PruDian academy ; a volume oi which lias hicn re¬ 
gularly puhlilhed every year finer its cHiibH/hmuit in 
1744. The labours of Euler will appear more efpe- 
r.ially afionifhing, when it is confulered, that while he 
was enriching the academy of Berlin with a profuiion 
of memoirs, on the deepell parts of mathematical fcience, 
containing always loine new points of view, often fu- 
blimc truths, and fometimes dilcoverics of great import¬ 
ance 5 lie Hill continued his philufophical contributions 
to the Petersburg academy, whole rnemcirs difplay the 


man—Hour, fecundity of his genius, and which granted 1 
him a pen/ion in J 74.2. 

It was with great difficulty hat this extraordinary 
man, in 176b, obtained peimillion from the king of 
Prufi’m to return to Petcr/burg, where he wi/hed to 
pals the remainder of his days. Soon after his return, 
which was graciou/ly rewarded by the munificence of 
Catharine the 2d, he was feized with a violent dili-rder, 
which ended in the total lofs of his ligiit. A eaiarai'l, 
formed in his left eye, which had been efl’enlir.lly dama¬ 
ged by I he lofs of the other eye, and a too dole applica¬ 
tion to Ihidy, deprived him entirely of the ufe of that or¬ 
gan. It was in this dill) cfling fit nation tli.it he dictated !o 
his fervant, a tavlor’s apprentice, wiio was abfolulely de¬ 
void of mathematical knowledge, his Elements of Al¬ 
gebra ; w hich by their intrinlic merit in point of per- 
fpicuity and method, and the unhappy cirejmiflances in 
which they were eompofed, have equally excited won- 
dei and applaufe. This work, though purely elemen¬ 
tary, plainly difeovers the proofs of an inventive genius; 
and it is perhaps here alone that we meet with a com¬ 
plete theory of the analylL of Diophantus. 

About this time M. Euler was honoured by the 
Academy of Sciences at Paris with the place of one 
ol the foreign members oi that learned body; after 
which, the academical prize was adjudged to three of 
his memoirs. Concerning the Inequalities in the IToiioi.s of 
the Planets. The two prize queitions propofed by the 
fame Academy for 1770 and 1772 w'ere deftgned to 
obtain from the labours of allronoincrs a more perfrti 
‘Theory of the Mann. M. Euler, afiified by his elde/l 
fon, was a competitor lor tliefe prizes, and obtained 
them both. In this la/l memoir, he referved for farther 
eonlideration fevcral inequalities of the moon’s motion, 
which he could not determine in his firil thcorv, on 
account of the complicated calculations in which th; 
method he then employed had engaged him. Fie a/’ 
ten- ard revifed his wliole theory, with the affillance o 
his foil and Me/frs Erafft and l.exell, and purfued lb 
refearches till he had conllruftcd the new' table.;, which 
appeared, together with the great wink, in 1 772. In- 
fie.id of confiiiiiig himfelf, as before, to the li uitlefs in- 
tegration of three dilferential equations of the fecund 
digue, which are furnifhed by mathematical principles, 
he niluetd them to the three oiibnates, which de ter¬ 
mini the place id the moon: Ik diviJid inio cl.iffc, ail 
tin in *ip,aiities of tint planet, a< fir as tiny i.d 

either on the th ligation 01 t‘ic Inn a. id moon, or imon 
the eceentritii v, 01 the parallax, or the ii'.i.iinatiou of 
the lump oriv.t. All tlu ie means of invefiig.t! ion, 1 in- 
ploved with fuch art and dexfirity as could 01 1 v b • 
expected tiom a genius of the iirtl order, wen at¬ 
tended with the g'eatiil iucceh ; ami it i.- impotlil.i’e 
to obf. rvi without adaiira! on, luili kiiinenfc calcula¬ 
tions on the oik hand, and on the other the ingenious 
methods employed bv tliis great man to abridge them, 
and to facilitate liuir application to the leal motion of 
the moon. But tin’s admiration will become ailoniih- 
ment, when we conlider at what period and in whnt 
circumitances all this was effectuated. It was when 
our author was- totally blind, and eonfeqm-ntlv olili- 
ged to arrange all his computations by the foie powers 
of bis memory and his genius: it. was when be was 
embarraffed in his domellic affairs bv a driaufei tire, 
3 M 2 that 
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that had confumed great part of his fubilancc, and 
forced him to quit a ruined houfe, every corner of which 
was known to him by habit, which in fome mcafure 
fupplied the want of fight. It was in thefc circum- 
ftances that Euler compofed a work which alone was 
fuificicnt to render his name immortal. 

Some time after this, the famous oculift Wcntzell, 
by couching the cataiatl, reftored fight to our author ; 
but the joy produced by this operation was of ihort du¬ 
ration. Some infiances of negligence on the part of 
his furgeons, and his own impatience to ufc an organ, 
whole cure was not completely linilhed, deprived him 
a fccond time and forever of his fight : a relupfc which 
was alfo accompanied with tormenting paiu. Willi 
the alii fiance of liis fons, however, and of Mcfl'rs Kraflt 
and Licxcll, lie conlinued his labours : neither the in¬ 
firmities of old age, nor the lofs of his light, could 
quell the ardour of his genius. He had engaged to 
hirnilh the academy of Petersburg with as many me¬ 
moirs as would be lul^ieient to complete its acts lor 20 
years after his death. In tin fpacc of 7 yeais he trauf- 
iniltcd to the Academy above 70 memoirs, and above 
200 more, left behind him, were revifed and completed 
by a friend. Such of thefc memoirs as were of ancient 
date were feparaled from the tell, and form a collec¬ 
tion that was pnblilhcd in the year 1783, under the title 
of shhiU'ttcal Wt.rhs. 

The general knowledge of our author was more ex- 
tcnlive than could well be expected in one who had 
purftied, with fuch unremitting ardour, mathematics 
and afironomy as his favourite lludies. He had made 
a very coniiderable progrcls in medical, botanical, and 
chemical fcicucc. What was fiill more extraordinary, 
lie was an excellent fcholar, and poliefleu in a high 
degree what is generally called truththm. He had at¬ 
tentively read the tnoll eminent writers of ancient 
Jiomc ; the civil and literary hillorv of all ages and 
all nations was familiar to him; and foreigners, who 
were only acquainted with lits works, were afionifiied 
to find in the converfation ot a man, whole long life 
fccined folcly occupied in mathematical and phylical re- 
fearches and dilcoveries, fuch an extenlive acquaintance 
with the molt interclliug branches of literature. In 
this refpedt, no doubt, he was much indebted to a 
very uncommon memory, which feeincd to retain every 
idea that was conveyed to it, either from reading or 
from meditation. He could repeat the Aincid of Vir¬ 
gil, from the beginning to the etui, without hefitation, 
and indicate the firlt and lalt line of every page of the 
edition he ufed. 

Several attacks of a vertigo, in the beginning of Sep¬ 
tember 1783, which did not prevent his computing 
the motions of the aeroftatic globes, were however the 
forerunners of his mild pafiage out of this file. While 
he was amufing himfelf at tea with one of his grand¬ 
children, he was llruck with an apoplexy, which ter¬ 
minated his illufirious carter at 76 years of age. 

M. Euler’s conftitntion was uncommonly itrongand 
vigorous. His health was good; and the evening of 
his long life was calm and ferene, fwcutened by the 
fame that follows genius, the public die tin and rcfpeA 
that are never withheld from exemplary virtue, and fe- 
veral domellic comforts which he was capable of feel¬ 
ing} and therefore deferred to enjoy, 

/ 


The catalogue of his works has been printed in 50 

pages, 14 of which contain the manufeript works_ 

The printed ones conlift of works pnblilhcd feparatcly, 
and works to be found in the memoirs of feveral Aca¬ 
demies, viz, in 38 volumes of the Peterlburg Acts, 
(from 6 to to papers in each volume) ;—in feveral 
volumes of the Paris Ads;—in 26 volumes of the 
Berlin Acts, (about 5 papers to each volume) ;—in the 
Ada Eruditorum, in 2 volumes ;—in the Mifcelkmca 
Taurincnfia ;—in vol. 9 of the Society of Ulvfimgue ; 
—in the Ephem aides of Berlin ;—and in the Mcmoires 
de la Societo Oeconomique for 1 7 C>(\ 

E\ OJLVLNT, in the Higher Gcometrv, a term 
ufed bv fome writers for the Involute, or curve refult- 
ing fiom the evolution of a curve, in coutn.diilindion 
to that evolute, or curve fuppofed to be ojiened or 
evolved. See Evolvtk, and Jnvoi.vtk. 

I.VOLU 1 K, in the Higher Geometry, a curve firfi 
propofed by M. Huygens, and iinee much iludied by 
the later mathematicians. It is any curve fuppofed to 
be evolved or opened, by having a thread* wrapped 
dole upon it, taitined at one cud, and beginning to 
evolve or unwind the thread from the olhtr end, keep¬ 
ing the part evolved, or wound off, tight llretelud ; then 
this end of the thread willdeferibe another curve called 
the Involute. Or the fame involute is deieribed tin- 
contrary way, by wrapping the thread upon the Evo¬ 
lute, keeping it always itvclched. 

Thus, ii El-Gil he any curve, and AE either a 
part of the curve, or a right line ; then if a tin cad be 
wound chife upon the curve from A to H, where it is 
fixed, and then he unwound from A ; the curve 
AEl'GH, from which it is evolved, is called the Evo¬ 
lute ; and the other curve A BCD dcfciibcd by the uni 
of the thread, as it evolves or unwinds, is the involute. 
Or, if the thread 111 ), fixed at II, be w otind or 
wrapped upon the Evolute HGFEA, keeping it al¬ 
ways tight, as at the fivesal pofitions of it HI), GC, 
IB, EA, the extremity will deleribe the Involute 
curve 1 )C BA. 



From this defeription it appears, 1. That the part* 
of the thread at any pofitions, as EA, FIJ, GC, HD, 
&c, are radii of curvature, or ofculatory radii, of the 
involute curve, at the points A, B, C, D. 

2 * fame parts of the thread are alfo equal to 
the correfpondmg lengths AE, AEF, AEFG, &c, of 
the Evolute j that is, 

n v fl r 18 thC rad ‘ CHrvaturc to the point A, 

CG = AG . „ . c f 

DH = AH - . . „ I d! • 

3 . Any 
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y. Any ra'dius of curvature BF, is perpendicular 
fo the involute at the point B, and is a tangent to the 
Evolute curve at the point F. 

4. The Evolute is the locus of the centre of curva¬ 
ture of the involute curve. 

The finding the radii of Evolutes, is a matter of 
great importance in the higher 'peculations of geome¬ 
try ; and is even fometimes ufcful in practice; as is 
fliewn by Huygens, the inventor of this theory, in ap¬ 
plying it to the pendulum. Horol. Olcil. part 3. 
The do£trine of the Ofcula of Evolutes is owing to 
M. Leibnitz, who firft Ihcwed the ufe of Evolutes in 
the meafuring of curvatures. 

To find the Evolute and I).-volute Carves, the one 
from the other. 

For this purpofe, put 
x — AD the abfeifs of the involute,, 
y rr DU its ordinate, 
s. — All the involute curve, 
r = 11C its radius of curvature, 
v — EF the abfeifs of the Evolute, 
v = EC its ordinate, and 
a — AE a given line, (fig. 1 above). 

Then, by the nature of the radius of. curvature, it is 
c i 

= EC =AE + EC ; alfo by fim. triangles. 


r = - 


yx—xy 


r . CB = 


ts 

ry 


r : GC = = 


' jiX-xy* 
V~ x 


Henee EE = C 11 - 1)11 _r 


y x 

.VC 


-xy 


v 


■y = v. 


ancT. 


J- 


FC = Al) - AE + GC = a -a + — = » : 

jX-Xy 

which are the values of the abfeifs and orelinate of the 
Evolute curve EC : anti therefore thefe inny be found 
when the involute is given. 

On the other hand, if v and u, or the Evolute be 
given : then, putting the given curve EC = s ; fincc 
CB r= AE + EC, or r = u-f .r, this gives r the radius 
of curvature. Alfo, by limilar triangles, there refult 
theCe proportions, viz. 


o> 


a + .r • 


GB, 

GC ; theref. 

s s 

AD = AE + EC—GC = a + u — t u — x% 


a + s • 
—,— u 


and DB 


GB-EF = "-ti;_„ 


which are the abfeifs and ordinate of the involute 
curve, and which may therefore be found when the 
Evolute is given. Where it may be noted that r —. 

v* + u z , and % % = x 1 +y*. Alfo either of the quan¬ 
tities x,y, may he fuppofed to flow equably, in win. !■. 
eafe the refpeitive fecotid fluxion x or y will be nothin:,, 
and the eorrefponding term in the denominator y.v— v > 
.will vanilh, leaving only the other teno in it; which 


will have the effe& of rendering the whole operation 
Ampler. 

For F.x. Stippofe it were required to find the Evo¬ 
lution EC when the given involute AB is the common 
parabola, whole equation is px ~y z , the parameter 
being p. 

Here y — tjpx, y — \p % x x .r, and J* rs — \p~ x 
making x = o. Then, to find ill'll AE the radius of 
curvature of the parabola All at the vertex, when 
-v = o, the general value of the radius of curvature 

, . . x 1 -bF) 2 

above given becomes r = —— = —- 

—*y -*'y 

p *j~ 4 - v ^' 

2y 'p 

general value of r or 11 C, the radius of curvature, 
for any value of x or AD ; and when x or AD is =r a 
or nothing, the value of r , or AE, becomes then. 

A 


(by fub- 


llituting the value of y and ji &c) 


-which is the 


a = 


2 v 7 > 


= ip only; that is half the parameter of 


the axis is the radius of curvature at the vertex of the 
parabola. 

Again, in the general values of u and u above given, 
by fubllituting the values of y, y, and i, alfo O for x t . 
and ip for a ; thufe quantities become 

x l +y* 4a:* /; 

y ~ — = 4x\f- 


V — 


p.Z 


-y 

11 = .v — a + 


— y 

—*y 


Pi ' p 

= 3 *+ tP — a = $x. 


and 


Hence then, comparing the values of v and «, there is 
1. 1 

found 3/i-d = 4.V 2 u, and 27 pv* — 1 Ctu 3 ; which is the 
equation between the abfeifs and ordinate of the Evo- 
lule curve EC, flicwing it to be the femicubical para¬ 
bola. 

In like manner the Evolute to any other curve is 
found.—The Evolute to the common cycloid, is an 
equal cycloid ; a property firfl demonflrated by Huy¬ 
gens, and which he ufed as a contrivance to make a 
pendulum vibrate in the curve of a cycloid. See his 
Horolog. Olcil. Sec alfo, on the fubjc£t of Evolute 
and Involute .Curves, the Fluxions of Newton, Mac- 
laurin, Simpfon, Dc l’Hdpital, &c. Wolf. Elcm. Math, 
tom. 1, &.c, &c. 

M. Varignon has applied the dodlvine of the radius 
of the F.volute, to that of central forces ; fo that hav¬ 
ing the radius of the Evolute of any curve, there may¬ 
be found the value of the central force of a body; 
which, moving in that curve, is found in the fame point 
where that radius terminates; or reciprocally, having 
th. central force given, the radius of the Evolute may¬ 
be determined- Hilt, de l’Acad. an. 1706. 

The variation of curvature of the line deferibed by 
the Evolution of a curve, is meafured by the ratio of 
the radius of curvature of the Evolute, to the radius 
of enrvature of the line deferibed by the Evolution. 
See Maclaurin’a Flux. art. 402, prop. 36. 

Imperf fi Evoi.uti , a name given by M. Reaumur 
ro a new kind of Evolute. The mathematicians had 
hitherto only eonfidcrcd the perpendiculars let fall from 
the Involute 6a the convex fide of the Evolute : but if 

other 
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other lines not perpendicular be drawn upon the (ante 
points, provided they be all drawn under the fame 
angle, the effeft will (lill be the fame ; that is, the ob¬ 
lique lines will all intcrfcdl in the curve, and by their 
interfeftions form the infinitely fmall fides of a new 
curve, to which they would be fo many tangents.— 
Such a curve is a kind of Evolute, and has its radii; 
but it is an Imperfcft one, fince the radii are not per¬ 
pendicular to the firft curve, or Involute. Hilt, de 
I’Acad. &c, an. 1709. 

EVOLUTION, in Arithmetic and Algebra, de¬ 
notes the Extraction of the roots out of powers. In 
which fenfe it Hands oppofed to Involution, which is 
the raifing of powers. The note or charader that has 
been ufed by tome Algcbraifts, to denote Evolution, is 
iui; as the fign of involution is <<^-: characters I think 
firft ufed by Dr. Pell. 

Evolution, in Geometry', the opening, or unfold¬ 
ing of a curve, and making it deferibe an Evolvent. 

The equable Evolution of the periphery of a circle, 
or other curve, is fuch a gradual approach of the circum¬ 
ference to reCtitude, as that its parts do all concur, and 
equally evolve or unbend; fo that the fame line he¬ 
roines fucccfli^ely a lei’s arc of a reciprocally' greater 
circle ; till at lait they change into a flraight line.— 
In the Philuf. Tranf. N° 260, a new quadratic to the 
circle is found by' this means, being the curve deferibed 
by the equable Evolution of its periphery. 

KURYTHMY, in Architecture, Painting, and 
Sculpture, is a kind of majell v, elegance, and ealinefr, ap¬ 
pearing in the cornpolition of certain members or parts 
of a body, building, or painting, and refulling fioin the 
line and ex aft proportions of them. 

EUSTYLE, is the bell manner of placing columns, 
with regard to their diflancc; which, according to 
Vitruvius, flmuld be four modules, or two diameters and 
a quarter. 

EXAGON. See Httagon. 

EXALT. ATI ON, in Allrology, is a dignity which 
ajilanet acquires in certain figns of the zodiac ; which 
dignity, it is fuppofed, gives the planet an extraordinary' 
virtue, efficacy, and influence. TTie cjipofite lide of 

the zodiac is called the Dejection of the planet.- 

Thus, the 15th degree of Cancer is the Exaltation of 
Jupiter, according to Albumazar, bccaufe it was the 
afeendant of that planet at the time of the creation ; 
that of the fun is in the 19th degree of Aries ; and its 
dejection in Libra ; that of the moon is in Taurus, &c. 
Ptolomy gives the reafon of this in his firft book De 
Quadripartita. 

EXCFNTRIC, is applied to fuch figures, circles, 
fpheres, &c, as have not the fame centre; as oppofed 
to Concentric, which have the fame centre. 

Exct.NTR.ic, or Excentric Circle, in the ancient Pto¬ 
lemaic aftror.omy, was the very orbit of the planet it- 
felf, which it was fuppofed to deferibe about the earth, 
and which was conceived Excentric with it j called alfo 
the Deferent. 

Inftead of thefe Excentric Circles round the earth, 
the moderns make the planets deferibe elliptic orbits 
about the fun ; which accounts for all the irregularities 
•f their motions, and their various diftances from the 
earth, &c, more juftly and naturally. 


Excentric, or Excentric Circle, in the New Aftro- 
nomy, is the circle deferibed from the centre of the or¬ 
bit of a planet, with half the grcatell axis as a radius; 
or it is the circle that circumfcribes the elliptic orbit of 
the planet ; as the circle AQ_B, 

Excentric Anmnaly , or A- 
nrrmnh of the Centre, is an arc 
AQj,f the Excentric circV, 
intercepted between the aphe¬ 
lion A, and the right line 
QH, drawn through the cen¬ 
tre P of the planet pci pendi- 
cular to the line of the apfes 
AB. 

Excentric E/juation, in the Old Aftronomy, is an 
angle made by a line drawn from the centre of the 
earth, with another line drawn from t.ic centre of the 
Excentric, to the body or place of any planet. This 
is the fame with the proftliaphcrelis; and is equal to 
the difference, accounted in an arch of the ecliptic, be¬ 
tween the real and apparent place of the fun or planet. 
See Equation of the Centre. 

Excentric Place of a planet, in its orbit, is ihc He¬ 
liocentric place, or that in which it ippcaw as feen from 
the fun. 

Ex centric Place in the ecliptic, is the point of the 
ecliptic to which the planet is referred as viewed from 
the fun ; and which coincides with the heliocentric 
longitude. 

EXCENTRICITY, is the diflancc between the 
centres oi two circles, or fpheres, which ha\. not the 
lame centre. 

Exci.ni ri.-it V, in the Ohl Aft ran mx, is the diflaiice 
between the centre oi a planet and \he ccnlr of the 
eatlh.—That the planets have furli an Excentricity, is 
allowed on all iides, and may' he evinced from various 
circuinitanc. ..; and efpeeially this, that the planets at 
fome times appear larger, and at others lefs ; which can 
only proceed from hence, that their orbits being Ex- 
centric to the earth, ii. iotnc parts of tiiof: mbits the 
planets are nearer to us, and in others more rciivtc. 
And as to the Excentricities of tlie fun and moon, it 
is thought they are fufficicntly proved, both fum eeiip- 
fes, from the moon’s greater and lefs parallax at thc 
fame diilance from tlie zenith, and from the fun’s con¬ 
tinuing longer by 8 days in the northern hcinifphere 
than in the fouthern one. 

Excentricity, in the N.-w Aftronomy, is the d.f- 
tance CS between the fun S ami tlie centre C of u 
planet’s orbit; or the dil! nice of the centre from the 
focus of the elliptic orbit; called alfo the Simple or 

Single /’•' a ntrici'y. 

When the greateft Equation of the centre is given, 
the Excentricity of the earth’s orbit may be found by 
the following proportion ; viz. 

As the diameter of a circle in degrees. 

Is to the diameter in equal parts } 

So the greateft equat. of the cent re in degrees, 

To the Excentricity in equal parts. Thus, 

Greateft equat. of the cent. i° 55' 33":= *“‘9258333 &e. 
The diam. of a tire, being 1, itseircumf. is 3*1415926. 
Then 3*1415926: 1 :: 360°: 1 i«i°*59i jbogdiaui. in deg. 
And 114*5915609 : 1 ;; 1*9258333 ; o*oi68o6,theEx. 

Hence, 
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Hence, by adding thfs to i, and fubtracling it from I, 
gives I '016806 = AS the aphelion diltance, 
and 0*983194 zz: BS the perihelion diltance. 

See Robcrtfon’s Elem. of Navig. book 5, pa. 2R6. 

Other-wife , thus: Since it is found that the fun’s 
greateft apparent femi-diameter is to Ids lead, as 
32' 43W to 3U 38", or as 1963" to 1R9R"s the fun’s 
greatcft diffance front the earth will be to his Icaft, or 
AS to SB, as 1963 to 1X98 ; of which, 
the half dif. is 32 V = CS, 
and half fum 1930^ — CB ; wherefore, 
as 1930J : 32 V t: 1 : *016835 = CS the Kxccntricity, 
to the mean Jiflancc ev ft mi-axis 1 ; w liicit is nearly the 
fame as before. 

The Exccntifu’ttV.s of the orbits of the feveral pla¬ 
nets, ill parts ol their o>vii rncr.11 d'fiane.s toco, and 
a!fo in Knglbh miles, arc as below, vi/, the Exccutri- 
city of the orbit of 

Parts. M ■.'vx. 

Mercury - - 210 - - 7,73.0,000 

Venus - - 7 - - 4 l --’,cca 

Ea“th - - J7 - - l/ilS.e'GO 

Mats - - 93 - - 13,486,000 

Jupiter - - 48 - - 23,76 :>,oeo 

Satu.r. - - 55 - - 49,930,000 

Georgian - - +7l - - 80 ,ocu,coo 

ExrrNTRrciTV, ij the dill nice between the 
two foci of the elliptic mbit, and is equal to double the 
Single Extent ricitv above given. 

EXCHANGE, in Arithnietie, is the bartering or 
cxcn.ujging the money of one place for that of another; 
or the finding »ha* quantity of the money of one place 
is equ;! to a given fum of another, according to a given 
coin le of exci't'ige. 

The (cvera.l operations in this cafe are only different 
„pi li--ations of the Rule of Three. See moll books of 
Arithmetic. 

Arbitration of Ex chan or, is the method of remit¬ 
ting to, and drawing upon, foreign places, iu fuch a 
manner as fliall turn out the mofl profitable. 

Arbitration is either Simple or Compound. 

Hinxple Arbiti ation rcipcfts three places only. Here, 
b) comparing the par of arbitration between a firfl and 
leconil place, and In tween the ill and a 3d, the rate be¬ 
tween '.lie' 2d and 3d is difeovered ; from whence a per- 
futi e.an judge how to remit or draw to the mofl advan¬ 
tage, and to determine what that advantage is. 

Com*oun.l At Li:ration refpeits the cafes in which the 
exchanges among three, four, or more places are 
concerned. A perfon who knows at what rate be can 
draw or remit dii Atly, and alio lias advice of the courfe 
of exchange in foreign j ails, may trace out a path for 
circulating bis money, through more or fiv.i i of fuch 
places, and ail'«in fuch order, as to make u bene At ol 
his Ik ill and oedit: and iu this lies the gteat ait of fuch 
iiigoei.'tfons. See xny Arithmetic, pa. 105, &c. 

EXCURSION, in AHtonomy. See Elonga¬ 
tion. 

Circles of Excursion. See Circi.i s. 

EXEGESIS, or Exuoftita, in Algebra, is the 
finding, either in numbers or lines, the roots of the 
equation ot a problem, according as the problem is 
either numeral or geometrical. 

• I 


EXHALATION, a fume or fleam. Exhaling, of 
iffuing, from a body, and diffufing itfelf in the atmb- 
fphere. 

The terms Exhalation and Vapour arc often ufed in¬ 
differently ; hut the mote accurate writers diltinguifh 
them, appropriating the term Vapour to the moift 
fumes railed from water and other liquid bodies; and 
the term Exhalation to the dry ones emitted from foh'd 
hoilies; as earth, fire, minerals, &c. In this fenfe. 
Exhalations are dry and fiibtlc corpufclcs, or effluvia, 
loufened from hard tcrreitrial bodies, either by the 
Iieat of the fun, or the action of the air, or fume other 
caufe : being emitted upwards to a certain height in 
the atmofphere, where, mixing with the vapours, they 
help to coiiflitute clouds, and return back in dews, 
mills, rains, &c. 

Sir Ifaac Newton thinks, that true and perma¬ 
nent air is formed from the Exhalations railed from the 
hardeil and moll compact bodies. 

EXHAUSTED Receiver, is a glafs, or other vef- 
fcl, applied on the plate of an air-pump, to have the 
air extracted out of it by the working of the pump.— 
Thing-, placed it. fuch an ExltauileJ Receiver, are fitid 
to be in vacuo. 

EXHAUSTIONS, or the M.tbA of Exhausti¬ 
ons, a method of dcmonflratiou founded upon a kind 
of Exhauiling a quantity by continually taking away 
certain parts of it. 

among the ancient mathematicians ; as Euclid, ArcL. 
medes, Src. It is founded on what Euclid fays in the 
10th book of his Elements ; viz, that thofc quantities 
are equal, whofe difference is lefs than any aflignable 
quantity- Or tints, two quantities A and B are equal, 
when, if to or from one of them a.- A, any other 
quantity as d be fubtrailed, however fnnll it be, then 
the fum or difference is refpe&ivcly greater or lefs than 
the other quantity B : viz, cl being an indutniluly 
fundi quantity, 

if A + t! be greater than B, 
and A — d lefs than B, 
then is A equal to B. 

This principle is ufed in the lit prop, of the icth 
book, which imports, that if from the greater of two 
quantities be taken more than its hall, and from the re¬ 
mainder more than its half, and fo on ; there will at 
length remain a quantity lefs than either of thofe pro- 
poled. On this foundation it is denumlt rated, that if a 
regular polygon of infinite ftdeshe inferihed in a circle, 
or cireumferibed about it; then the fpace, which is the 
difference between the circle ami the polygon, will by 
degrees be quite cxltaufled, and the circle become ulti¬ 
mately equal to the polvgon. And in this way it is 
that Archimedes demon!!rates, that a circle is equal to 
a right-angled triangle, whofe two fides about the right 
angle, are equal, the one to the femidiameter, a-id 
the other to the perimeter of the circle. Prop. 1 lie 
Diinenfionc Circuit. 

Upon the Method of Exhauftfonsdepends the Method 
of lndivifibles introduced by Cavaletius, which is but a 
fttorter way of exprefliug the method of Exhaufthms ; as 
alfo Wallis’s Arithnietie of Infinites, which is a farther 
improvement of the Method of Indivifiblcs ; and hence 
ally the Methods of Increments, Differentials, Fluxions, 

awl 
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tind Infinite Series. Sec fome account of the Method 
of Exhaultions in Wallis’s Algebra, chap. 73, and in 
Ilona ylie's Algebra, part 3, pa. 395. 

EXPANSION, is the dilating, Rretching, or 
fpreadiug out of a body ; whether from any external 
caufe, as the caufe of rarefaction, or from an internal 
caufe, as claftieity. Bodies naturally expand by heat 
beyond their dimeniions when cold ; and lienee it hap¬ 
pens that tlu ir dimeniions and fpecilie gravities are dif¬ 
ferent in diflcient temperatures and icafons of the year. 
Air eompreffed or eoudenfeti, as loon as the con.prefling 
or condenllng force is removed, expands it fell by its 
clallie power to its former dimenfions. 

In fome few cafes indeed bodies feein to expand as 
they grow cold, as water in the atl of freezing : but it 
feenis tins is o\v ing to the extrication of a number of air 
bubbles from the tluid at a certain time ; anil is not at 
all a regular and gradual expanfion like that of metals, 
&c, bynuans of heat. Mr. Boyle, in his Hiffory of 
Void, fays that ice takes up one 12th part more fpacc 
than water ; but by Major Williams’s experiments on 
the force of freezing water, I have found it occupies 
but about the 17th or iiftli part more fpace. Tranfac. 
of the R. hoc. of F.dinb. vol. 2, pa. 28. I11 certain me¬ 
tals alfo, an Expanfion takes place when they pafs from 
a fluid to a folid Hate : but tin’s too is not to be ac¬ 
counted any proper effedt of cold, but of the arrange¬ 
ment of the parts of the metal in a cert ain manner; and 
is therefore to be accounted a kind of cryllallization, 
rather than any thing elfc. 

The Expanfion of different bodies by heat is very 
various ; ami many experiments upon it are to he met 
with in the volumes of the I’hilof. Trauf. and elfewherc. 
In the 48th vol. in particular, Mr. Smcaton has given 
a table of the Expanfion of many different fubftanecs, as 
determined by experiment, from which the following 
particulars are extradted. Where it is to be noted, 
that the quantities of Expanfion which anfwer to 
180 degrees of Fahrenheit’s thermometer, are expref- 
fetl in ten-thoufandth parts of an Englifh inch, each 
fubltauce being 1 foot or j 2 inches in length. 

White glafs barometer tube - - - too 

Martial rcgulus of antimony - - - 130 

Bliftered Reel - - - - 138 

Hard Reel » - - - 147 

Iron - - - - -151 

Bifmuth - - - - 167 

Copper hammered - - - 204 

Copper 8 parts, mixed with 1 of tin - - 218 

Caff brafs - - - - 225 

Brafs 16 parts, with tin I - - 22y 

Brafs wire - - 23 2 

Speculum metal - - - - 232 

Spelter folder, viz. brafs 2 parts, zink t - 247 

Fine pewter - - - - 274 

Grain tin - « 298 

Soft folder, viz. lead 2, tin 1 - - 301 

Zink 8 parts, tin 1, a little hammered - 323 

Lead ..... 344 

Zink or Spelter - - - 353 

Zink hammer’d J an inch per foot - - 373 

By other experiments too it has been found that, for 
each degree of heat of the thermometer, mercury, wa¬ 


ter, and air, expand by the following parts of theiff 
own hulk, viz, 

Mercury the 9600th j 

Water the 6666th ! part of its bulk. 

Air the 435th J 

From the foregoing table it appears, that there is n* 
general rule for the degree of Expanfion to _which 
bodies arc fubjcdl by the lame degree of heat, either 
from their fpecilie gravity or othenvife. Zink, which 
is much lighter than lead, expands more with heat; 
while glals, which is lighter than either, expands much 
lefs ; and copper, which is heavier than a mixture of 
brafs and tin, expands lefs. 

It leans too that metals ohfervr a proportion of Ex- 
panfion in a fluid Rate, quite different from what they 
do in a folid one : For rcgulus of antimony fceincd ti» 
fhrink in fixing, after being melted, conliderably more 
than zink. 

But of all known fubRanccs, tliofc of the aerial kind 
expand moll by an equal degree of heat ; and in general 
the greater quantity of latent heat that any lubllance 
contains, the more eafily is it expanded ; though even 
here no general rule can be formed. It is indeed cer¬ 
tain that the denfeft fluids, fuch as mercury, oil of vi¬ 
triol, &c, are lefs rxpaufiklc than water, fpirit of wine, 
or ether. Which hill is fo eafily expanded, that were 
it not for the preflfure of the atmofphere it would be in a 
continual Rate of vapour. And indeed this is the cafe, 
in fame meafurc, with perhaps all fluids ; as it lias been 
found, by experiments with the lnfl air-pumps, that 
water, and other fluids, afetnd in vapours the more as 
the exhauition is the more perfect ; from which it 
would feein that water would wholly rife in vapour, in 
any temperature, if the pieflurc of the atmofphere was 
entirely taken off. 

After bodies are reduced to a vaporous Rate, their 
Expanfion feems to go on without any limitation, in 
proportion to the degree of heat applied ; though it 
may be impoflible to fay what would he the ultimate 
eff’etts of that principle upon them in this way. The 
force with which thefe vapours expand on the applica¬ 
tion of high degrees, is very great ; nor does it appear 
that any obflacle whatever is infupcrable by them. 

On this principle depend the Ream engines, fo much 
ufed in various mechanical operations ; lifccwife fome 
hydraulic machines ; and the inRruments called mano¬ 
meters, which fhew the variation of gravity in the ex¬ 
ternal atmofphere, by the expanfion or condenfation of 
a fmall quantity of air confined in a proper vefiel. On 
this principle alfo, perpetual movements might be con- 
firutted fimilar to thole invented by Mr. Coxe, on the 
principle of the barometer. And a variety of other 
curious machines may he conRrutlcd on the principle of 
aerial expanfion ; an account of fome of which is given 
under Hydrostatics and Pneumatics. 

On the principle of the Expanfion of fluids are con* 
ft rutted Thermometers. And for the effetls of the differ¬ 
ent Expanlions of metals in corretfing the errors of 
machines for ir.eafuring time, fee the article Pendu¬ 
lum. 

The Expanfion of folid bodies is meafured by an in- 
ftrument called the Pyrometer; and the force with 
which they expand is itill greater than that of aerial va¬ 
pours ; the flume of a farthing candle produces an 
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Xxpanfion in a bar of iron capable of counteracting a 
weight of 500 pounds. The quantity of expansion 
however is fo fmall, that it has never been applied to the 
movement of any mechanical engine. 

EXPECTATION, in the Dodrine of Chances, is 
applied to any contingent event, upon the happening 
of which fome benefit & c is expedled. This is capa¬ 
ble pf being reduced to the rules of computation: for a 
fum of money in Expectation when a particular event 
happens, has a determinate value before that event hap¬ 
pens. Thus, if a perfon is to receive any fum, as id, 
when an event takes place which has an equal chance or 
probability of happening and failing, the value of the 
Expectation is half that fum <>r 5I.: but if there are 
3 chances for failing, and only 1 for its happening, or 
one chance only in its favour out of all the 4 chances ; 
then the probability of its happening is only 1 out of 
4, or f, and the value of the Expectation is but j- of 
10I. which is only 2I. 10s. or half the former fum. And 
in all cafes, the value of the Expectation of any fum is 
found by multiplying that fum by the fraction expref- 
fing the probability of obtaining it. So the value of 
the Expectation on icol. when there are 3 chances out 
of 5 for obtaining it, or when the probability of ob¬ 
taining it is l, is £ of tool, which is 60I. And if s be 
any fnm expcCted on the happening of an event, b the 
chances for that event happening, and f the chances for 
its failing ; then, there being b chances out of J’ h for 

its happening, the probability will be — - r — . , and the 


value of the expectation is ——r X s, 

. J + b 

orl)e Moivre’s DoCtrine of Chances. 


J + b' 

See Simpfon’s 


Expectation of J.j'r , in the DoCtrine of Life An- 
rmitics, is the (hare, or number of years of life, which 
a perfon of a given age may, upon an equality of chance, 
expeCt to enjoy. 

By the Ex pc citation or fhare of life, fays Mr. Simp¬ 
lon (SeleCt Excrcifes pa. 273), is not here to he un- 
derJloi/d that paitieular period which a perfon hath an 
equal chance of furviving; this la(l being a different, 
and more limple conlidcralion. The Expectation of a 
life, to put it in the moll familiar light, may be taken 
as the number of years at which thepnrehafe of an an- 
nuity, granted upon it, without dilcount of money, 
ought to be valued. Which number of years will dif¬ 
fer more or lefs from the period above-mentioned, ac¬ 
cording to the different degrees of mortality to which the 
fevcral itages of life are incident. Thus it is much more 
than an equal chance, according to the table of the pro¬ 
bability of the duration of life (p. 274 ut fupra), 
rhat an infant, j nil come into the world, arrives not 
to the age of 10 years; yet the Expectation or 
{hare of life due to it, upon an average, is near 20 
years. The rcnfnn of which wide difference, is the 
great exet fs of the probability of mortality in the firfl 
tender years of life, above that refpedting the more 
mature and ftronger ages. linked if the numbers that 
die at evety age were to be the fame, the two quanti¬ 
ties above fpceiiied vvoukl alfo be equal; but when the 
laid numbers become continually leis and lefs, the Ex¬ 
pedition mull of confequence be the greater of the 
two. 
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Mr. Simplon has given a table and rule for finding 
this Expectation, pa. 255 and *73 as above. Thus, 


A Table of tbr JExpsctjItions of Life in London. 


Age 

Expedition 

| Age 

Expedition 

Age 

Expedition 

I 

27-0 

1 28 

24-6 

55 

14*2 

2 

32-0 

J 29 

24"I 

56 

13*8 

3 

3 P° 

3 ° 

2 . 3*6 

57 

1 . 3*4 

4 

35-6 

j 31 

231 

58 

13*1 

5 

3 r>-o 

! 32 

227 

59 

12*7 

6 

36-0 

i 33 

22*3 

60 

12*4 

*7 

/ 

35.8 

; 3* 

2X - y 

61 

12*0 

8 

35*6 

1 3? 

2‘*5 

62 

11*6 

9 

35*2 

s 6 

21*1 

63 

11*2 

10 

34*8 

37 

2 C*| 

'-4 

io*8 

11 

34*3 

3 « 

20*3 

65 

10*5 

12 

33*7 

39 

19*9 

66 

10*1 

13 

33 ** 

40 

19*6 

67 

9*8 

14 

32*5 

4 * 

19*2 

68 

9*4 

i> 

3 1 *9 

42 

18*8 

69 

9*1 

16 

31*3 

43 

187 

7 ° 

8*8 

17 

307 

44 

i8*i 

7 i 

8*4 

18 

30-1 

45 

17*8 

72 

8*i 

>9 

29*5 

46 

1 7*4 

73 

7*8 

20 

28*9 

47 

17*0 

74 

7*5 

21 

28-3 

48 

167 

75 

7*2 

22 

277 

49 

j6*j 

76 

6*8 

23 

27-2 

5 ° 

16*0 

77 

6*4 

24 

26*6 

5 1 

15*6 

78 

6*o 

25 

26*1 

52 

I J*2 

79 

5*5 

26 

25*6 

53 

14*9 

80 

J*o 

27 

25*1 

54 

* 4*5 




For Example, if it be required to find the Expedi¬ 
tion or fhare of life, due to a perfon of 30 years old. 
Oppofitc the given age in the firfl column of the table, 
finds 2 3 - 6 in the fecund col. for the years in the Ex¬ 
pectation fought. 

See De Moivre’s Dodtrine of Chances applied to the 
Valuation of Annuities, p. 288 ; or I>r. Price’s Ob- 
fervations on Revcrfionary Payments, p. 168, 364, 
374, Sic ; or Philof. Tranf. vol. 59, p. 8y. 

EXPERIMENT, in Philofophy, a trial of the 
efiedt or rcfult of certain applications and motions of 
natural bodies, in order to dilcover fomething of their 
laws and relations, Sic. 

The making of experiments is grown into a kind of 
art; and there are now many collections of them, inoflly 
under the denomination of Courfrs of Experimen¬ 
tal Philofophy. Sturmius made a curious coiled ion of 
the principal Difcoveries and Experiments of the laft 
age, under the title of Collegium 1 xperimentalc. Other 
Courlcsof Experiments have been publifhed by Grave- 
fande, Dcfaguliers, Hclfham, Cotes, and others. 

EX PE RIM F.NTA L Philofophy , is that which pro. 
reeds on Experiments, or which deducts the laws of 
nature and the properties and powers of bodhs, and 
their adtiousupon each other, from fenlible Experiments 
and obfervatimis. 

Experiments are of the utmoft. importance in philo- 
fophy ; and the great advantages the modern phyJics 
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have over the ancient, is chiefly owing to this, viz, that 
vc abound much more in Experiments, and that we 
make more life of the Experiments we have. The me¬ 
thod of the ancients, was chiefly to begin with the 
caufes of things, and thence argue to the phenomena 
and effects ; on the contrary, that of the moderns pro¬ 
ceeds from Experiments and Obfervat ions, from whence 
thi'properties and laws of natural things arc deduced, 
and general theories are formed. 

Several of the ancients indeed thought as highly of 
Experiments as the moderns, and practifed them alio. 
Plato omits no occafidn of (peaking of the advantages 
of them; and Ariftotle’s hiilory of animals bears am¬ 
ple tetlimony for him. Democritus’s great employment 
was to make experiments ■, and even Epicurus himfclf 
owes part of his glory to the fame cauft. 

Among the modern:., the making of Experiments 
was chiefly begun by Eriar Bacon, in the J^th century, 
who it feetns fpent a great deal of money and labour in 
this way. After him, the lord chancellor Bacon is 
looked upon as the founder of the prefent mode of 
pltilofophiling by Experiments. And his method has 
been profeeuted with laudable emulation by tin* Aca¬ 
demy del Cimento, the Royal Society, the Royal 
Academy at Paris ; by Mr. Boyle, and, over all, by Sir 
1 laac Newton, with many other illuftrious names. 

Indeed, Experiments, within the hill century, are 
come fo much into vogue, that nothing will pafs in 
pliilofophy, but what is either founded on Experiments, 
or confirmed by them ; fo that the new pliilofophy is 
almoll wholly Experimental. 

Yet there are fume, even among the learned, who 
fpeak of Experiments in a different manner, or perhaps 
rather of the'abufe of them, and in derifion of the pre¬ 
tenders to this praftice. Thus, though Dr. Keil al- 
mvs that pliilofophy has received very confiderablc ad¬ 
vantages from the makers of Experiments; yet lie com¬ 
plains of their diflngenuity, in too often wrefting and 
diflorting their Experiments and Obfirvations to favour 
fume darling theories they had efpoufed. Nay more, 
jM. Hartfoeker, in his Kccueil de plufieurs Pieces de 
Phyfique, undertakes to fhew, that fucli as employ 
themfclves in the making of Experiments, are not 
properly philofophers, but as it were the labourers or 
operators of philofophers, that work under them, and 
for them, furniflung them with materials to build their 
fyitems and hypothecs upon. And the learned M. 
Dacier, in the beginning of his difeourfe on Plato, at 
the head of his trauflation of the works of that, philo- 
fopher, deals ilill more feverely with the makers of Ex¬ 
periments. He breaks out with a kind of indignation 
at a tribe of idly curious people, whole foie employ¬ 
ment eonliilsin making Experiments on thegiavity of 
the air, the equilibrium of fluids, the loadllone, &c, 
and yet arrogate to themfclves the noble title of philo- 
fophers. But his honcil indignation would have ex¬ 
ceeded all bounds, had he lived to fee thc.contemptible 
fall e*f one of the principal focieties above-mentioned ; 
while its members iiril ainufe themfclves with magneti- 
cal conundrums, fpinning cleCtrical wheels, torturing 
the unfeen and unknown phlogiAic particles; and fi¬ 
nally polluting the fourcc of fcience, and the 11 reams of 
wifdom, with the folly of hunting after cockle-fltells, 
caterpillars, and butterflies! 
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EXPLOSION, a fudden and violent expan lion of 
an elallic fluid, by which it iuilantly throws off any 
obitacle that happens to be in the way, fontetimes with, 
allonilliing force and rapidity, as the Expiofion of fired 
gun-powder, &c. 

Explolion differs from expanfion, in that the latter is 
a gradual and continued power, adting uniformly for 
fome certain time ; whereas the former is always Bid¬ 
den, and only of momentary or immenfurably (hurt du¬ 
ration. The expaiilhms of folid fubllauces do not ter¬ 
minate in violent cxploiions, on account of their llow- 
nei’h, and the Bnuli fpaee through which the expand¬ 
ing Bibilanee moves ; though their 11 length may be 
equally great with that of the moil active aerial fluids. 
Thus we find that though wedges of wood, when 
wetted, will cleave folid blocks of (lone, they never 
tluow them to any diilancc, as is the cafe with gun¬ 
powder. On the other hand, it is felilom that the 
ivp.miiou of any elallic fluid burl's a folid Bikilaucc 
w ithout throwing the fragments of it to a confiderablc 
dillauee, with effects that are often very terrible. 

The moll part of cxplofive fubllauces are either aerial, 
or convertible into fucli, and raifeel into an elallic fluid. 
Thus gun-powder, whole ell’enec feems to confiil in 
common air fixed in the nitre, or at lea! 1 , an air of fiir.i- 
lar clailicity, where it is coudenfcd into a bulk many 
hundred times lei's than the natural Hate of the almo- 
fphtre; which air being Buidenly difengaged by the 
firing of the gun-powder, and the decompoiition of its 
parts, it rapidly expands itlelf again with a force 
proportioned to the degree of its condenfation when 
fixed in the gun-powder, and fo explodes, and pro¬ 
duces all thofc terrible effects that attend the explolion. 
The elallic fluid generated by the fired gun-powder ex¬ 
pands llfelf with a velocity of about 10,000 feet per fe¬ 
cund, and w ith a force more than 1000 times greater 
than the prefl’urc of the atmofpherc on the fame bafe. 

The Electric Lxploiions fcein to be ilill much more 
fining and alloniihing ; as in the cafes of lightning, 
earthquakes, and volcanoes ; and even in the artificial 
electricity produced bv the ordinary machines. The af- 
tonilhiug llrcngth of electric explofious, which is be¬ 
yond all polfiblc means of ineafuring it, manifelts itfelf 
by the many tremendous eflcCls we hear of fire-ball* 
and lightning. 

In cafes where the eleCtrie matter a Os like common 
fire, the force of the cxploiions, though very great, is 
capable of mcafuivtnent, by comparing the diltances 
to which bodies ate thrown, with their weight. Thjs is 
moll evident in volcanoes, where the projections of the 
burning rocks and lava mauifcll the greatnefa of the 
power, at the fame time ihat they a fiord a method of 
mealuring it : and tliefe cxploiions are owing to the 
extrication of aerial vapours, and their rarefaction by* 
iulcnfe heat. 

Next in flretigth to the aerial vapours, are thofc of 
aqueous and other liquids. Very remarkable effeCls of 
tbele are obferved iu lleam-cngines ; and there is one 
cafe from which it has been inferred that aqueous iteam 
is even vallly llronger than fired gun-powder. ’I'his is 
when water is tlirown upon melted copper: for here 
the expiofion is fo Itrong as almoit to exceed imagina¬ 
tion ; and the inoft terrible accidents have happened, 
even from fo flight a c&uic as one of the workmen fpit- 
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ting m the furnace where copper was melting j ari- 
fing probably from a fudden decompofition of trie wa¬ 
ter, Explofious happen alfo from the application of 
water to other melted metal*, though in n lower de. 
gree, when the fluid is applied in final! quantities, and 
even to common lire it kl», as every perfon’s own expe¬ 
rience mull have informed him ; and this feems to be 
occaiioncd by the fudden rarefaction of the water into 
ftcam. Examples of this him! often occur when work¬ 
men are fattening cramps »>f iron into [tones i where, if 
there happen to be a little water in the hole into which 
the lead is poured, this wilt flv out in fuch a manner as 
fonietimcM to burn them feverefy. Terrible accidents of 
this kind have fometimes happened in foundtries, when 
large quantities of melted metal have been poured into 
wet or damp moulds. In thefe cafes, the fudden cx- 
paution of the aqueous fleam has thrown out the metal 
with great violence j and if any decoinpotitinii has 
talun place at the fame time, Jo as to convert the 
aqueous vapour into an aerial one, the exploflou mutt 
be A ill greater. 

To this tail kind of exploflun mufl be referred that 
which takes place on pouring cold water into boiling or 
burning oil or tallow, or in pouring the latter upon the 
funner ; the water however being always ufed in a fmull 
quantity. 

Another remarkable kind of Explofion is that pro¬ 
duced by inflammable and dephlogifficated air, when 
mixed together, and fet on fire t a kind of rxplofion 
that often happens in coal mines, &c. This differs 
from any of the cafes before mentioned j for here is an 
abfolute condcnfation rather than an expaufion through¬ 
out the whole of the operation 5 and could the airs be 
made to take tire tluoughout their whole fubtinucc nbfo- 
lutely at the fame intlant, there would be no Exploiion, 
but only a fudden production of heat. 

Though Explofions be fometimes very deAru£live, 
they are likcwifc of contidernble ufe in life, ns in re- 
moving obilaeles that could fcarcely be overcome by 
*my ineehanieal power whatever. The principal of 
thefe arc the blowing up of rocks, the feparuting of 
Hones in quairies, and other purpol’es of that kind. 
The deflruftion occafioned by them in times of war, 
and the machines formed upon the principle of Explo¬ 
it on for the dcttruition of the human race, are well 
known j and if we cannot call tliefc ufeful, they mull 
be allowed at lead to be nccifl’ary evils. 

The t-ffeils of Explofious, when violent, are felt at a 
confiderabk diflancc, by renfon of the coucufllons they 
give to the atmofpheie. Sir’Win. Hamilton relates, 
that at the explofious of Vcfuviim, in 1767, the doors 
tmd windows of the houfes at Naples flew open if un¬ 
boiled, and one door was burtl open that had been 
locked, tliough at the diflancc of 6 miles: and the cx- 
plofion of a powder-magazine, or a powder-mill, it is 
well known, lprcads dcflnufUon for many miles round ; 
tind even kills people by the mere eoncuttion of the air. 
A curious effect of them too is, that they elc&rify the 
air, and even glafs windows, at a confiderable diflancc. 
This is always oblcrvable in firingthe gnus at the Tower 
of London i and fome years ago, after an Explofion 
of fome powder-mills near that city, many people were 
alarmed bv a rattling and breaking of their china-ware, 
lu this rcfpc£fc however, the effects of electrical Explo- 


lions are the mod remarkable, though not in the un¬ 
common way jult mentioned j but it is certain that the 
influence of 11 flaflt of lightning ia ditfufed for a gn at 
way round the place where the Exploflou happens, pro¬ 
ducing very perceptible changes both on the ammnl 
and vegetable creation. 

EXPON 1 N l 1 of n Pozvrr, in Arithmetic and Alge¬ 
bra, denotes the number or quantity ••xpreffing the de¬ 
gree or elevation of the power, or which thews how 
often a given power is to be divided by its root before ir 
be brought down to unity or I. Thus, the Exponent 
or index of a fijuare number, or the 2d power, is 2 ; oi 
a cube 3 ; and fo on 5 the fqitarc being a power of the 
2d degree ; the cube, of a 3d, Sec. It is otherwife 
called the Index. 

Exponents, as now ufed, are rather of modern inven¬ 
tion. Diophantus, with the Arabian and the toil Eu¬ 
ropean authors, denoted the powers of quantities by 
fubjoiitiug an abbreviation of the name oi the power ; 
though with fome variation, and difference from one 
another. The names of the powers, and the mark:; for 
denoting them, according to Diophaqtus, arc as fol¬ 
low : viz. 

Names, privxf, Ki'Co;, a ir, 

Marks, , r , 4 * , r. v , J* S* 

onvS‘>; , xvo5>ti / ?'),-, See. ; 
i w a’ x* 

which we now denote by 

1, er, «*, a>, a*, « 5 , n®, Sec. 

F. Lucas Paciolus, or De Burgo, for the root, 
fquure, cube, Sec, ufes the terms cofit, cenfo, cui-o, rf In¬ 
to (primo, f eundo, tertio , &c), or the abbreviations 
co. a. ru .; and li for root or radicality. 

Cardan ufed the Latin cotit rations of the names of 
the powers } and other contemporary, as well as fuc- 
ceeding, authors, cfpieiallv the Germans, as Stifelius, 
Scheubclius, Pclitarius, Sec, ufed the like contraftiuns, 
but fomewhat varied, as thus: 

IS , 1 ft 3 * (l i 3 3 » J}, & c * 

or 1, %r, 3 , ft, a 3 * fit A Cf» Sec. 

or 1, R,?, fib 77, fi, 7ft 1 * Sec. 

Exp. O) i, 2, 3» +1 Ji Sec. 

But befides that way, the fame authors alfo made ufe 
of the numbers as iu the lull line here above, and it was 
Stifelius who firll called them by the name Expo¬ 
nent. 

Bombclli, whofe Algebra was publiihed in 157y, 
denotes the res , or unknown quantity, by this mark 
and the powers by numeral Exponents let over it, thus: 
d, . 5 , Sec. And 

Srevinn*, who publiflied his Arithmetic in 15X5, 
and hia Algebra foOn afterwards, has fucli anothci me¬ 
thod, but inftcad of w lie ufes a fmall circle O, within 
which he places the numeral Exponent of the power; 
thus 0 , V, 0 , r ; '", &e: and in this way he extends 
his notation to frailional Exponents, and even to radi¬ 
cal ones; thus 0, (Jb 0' Q> &c* 

Vieta after this ufed words again to denote the pow¬ 
ers. Afterwards Harriot denoted the powers by a repe¬ 
tition of the root; as a, an, non, for the ifl, 2d, and 
3d powers. Iaflead of which, Des Cartes again rrltored 
t he numeral Exponents, placing them after the root, 
when the power is high, to avoid a too frequent repe¬ 
tition of the letter of the root; as a ’ a 4 , Sec, as at 

3 N 1 prefent. 
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prefect. Alfo Albert Girard, in 1629, ufed the Ex¬ 
ponents to roots, thus ; \f, Slc. 

The notation of powers and roots by the prefent 
way of Exponents, has introduced a new and genual 
arithmetic of Exponents or powers; for hence powers 
are multiplied by only adding their Exponents, divided 
by fubtraCHng the Exponents, railed to other powers, 
or roots of them extracted, by multiplying or dividing 
the Exponent by the index of the power or root.— 

1 1 * 

So « 2 x <r J = a 5 , and a x X = tr ; 

t « 

a i f. a 3 — a r f an d a * 4 - a * — a * • 
the 2d power of a J is a 6 , 
and the yd root of a 6 is a'. 

This algorithm of powers led the wav to the inven¬ 
tion of logarithms, which are only the indices or Ex¬ 
ponents of powers: and hence the addition anti l’ub- 
traCtion of logarithms, anftver to the multiplication and 
diviiion of numbers ; while the railing of powers, and 
extracting of roots, is tffcCled by multiplying the lo¬ 
garithm by tin* index of the power, or dividing the lo¬ 
garithm by the index of the root. 

Exponfnt of a Ratio, is, hv fome, underftood as the 
quotient nrifing from the diviiion of the antecedent of 
the ratio by the consequent : in which fciifc, the Ex¬ 
ponent of the ratio of 3 to 2 is £ ; and that of the ra¬ 
tio of 2 to ^ is 

Bui. others, and thole among the hell mathemati¬ 
cians, underftand logarithms as the Exponents of ra¬ 
tios ; in which fenfe they coincide with the idea of 
nteafures of ratios, as delivered by Kepler, Mercator, 
Halley, Cotes, &c. 

EXPONENT! AT. Calculus, the method of differ¬ 
encing, or finding the fluxions of. Exponential quanti¬ 
ties, and of fumming up thofe differences, or finding 
their fluents. See Calculus, Fluxions, and Flu¬ 
ents. 

Exponential Curve, is that whofe nature is defined 
or expreffed by an Exponential equation ; as the curve 
denoted by = y, or by x x = v. 

Exponential Equation, is one in which is contained 
an exponential quantity: as the equation a’ — b, or 
«* =r al. See. 

Exponential Equations are commonly heft rcfolved 
by means of logarithms, viz, firfl taking the log. of the 
given equation : thus, taking the log. of the equation 
a = l>, it is x X log. of a — log. of b ; and hence 
log. b 
log. a 

Alfo, the log. of the equation x % = nl, is x x log. 
a* = log. ab ; and then x is cafily found by trial-ar.d-er- 
ror, or the double rule of pofition. 

Exponential Quantity, is that whofe power is a va¬ 
riable quantity ; as the expreflion a', or P. 

Exponential quantities are of feveral degrees, and 
orders, according to the number of exponents or pow¬ 
ers, one over another. Thus, 

«’ is an Exponential of the 1 ft order, 

** , is one of the 2d order,, 

* 

a x is one of the 3d order, and fo on. 

See Bernoulli Opcr. tom. 1, pa. 182, See. 

8 


EXPRESSION, in Algebra, is any algebraical 
quan;i - .y, Am ple or co mpound; a3 the cxprciJion, 3a, 

or 2 ab, or s/ a % -t t l . 

EXTENSION, one of the common and eflential 


properties of body : or that by which it poffeiles or 
takes up fome part of univerfal (pace, called the place of 
that body. 

The extenfion of a body, is properly in every di- 
rediion whatever ; but it is ufual to confider it as ex- 
teiidid only in length, breadth, and tliickiiefs. 

EXTERIOR Polygon, or Talus, is the outer or 
ciicumfcnhing one. See Polygon and Talus. 
EXTERMINATION, or EXTERMINATING, 

in Algtbra, is the taking away, or expelling of fome- 
tliing from an expreiton, or from an equation: as to 
Exterminate furd;>, fractions, or any particular letter or 
quantity out of equations. 

Thus, to take away the fractional form from this 

. a* + x x ab ... . . 

equation —--= —— ; multiply eacli numerator by 


2 C 


the other’s denominator, and the equation becomes 
tptl + dx 1 — 2 ale , out of fractions. 

Alfo, to take away the radicality from the equation 
3 P —.v* =r 2c, raife each to the 2d power, and it 
becomes 9U 1 —ya 1 = .g 1 . 

For Exterminating any quantity out of equations, 
there are various rules and methods, according to the 
form of the equations ; of which many excellent fpc- 
cimens may be feeii in Newton's Algebra, pa. 60, 
ed. 1738; or in Maclaurin’s Algebra, part 1, chap. 
12. For example, to Exterminate^ out of thefe two 
equations, a + x — b -f y, 
and 3 b = 2 x+y ; 

fubtrnCt the upper equation from the under, fo fliall 
there arife yi—a— x = 2x—l >; then, by the known me¬ 
thods of tranfpofition &c, there is obtained 4 b —0=3*, 

and hence x = ———. 

3 

EXTERNAI. Angles, arc the angles formed with¬ 
out fide of a figure, by producing its (ides out. 

In a tiiangle, any External angle is equal to the fum 
of both the two internal oppofitc angles taken together: 
and, in any right-lined figure, the fum of all the exter¬ 
nal angles, is always equal to 4 right angles. 

F^XTRA-Con/lcl/ary Stars, fuch as are not properly 
included in any con Deflation. 

EXTRA -Mundane Space, is the infinite, empty, 
void fpace, which is by fome fuppofed to he extended 
beyond the bounds of the univerle, and confequenlly 
in which there is really nothing at. all. 

EXTRACTION of Roots, is the finding the roots 
of given numbers, or quantities, or equations. 

The roots of quantities are denominated from their 
powers; as the fquare or 2d root, the cubic or 3d root, 
the biquadratic or 4th root, the Jth root, &c; which 
are the roots of the 2d, 3d, 4th, 5th, &c powers. 
The Extraction of roots has always made a part of 
arithmetical calculation, at leaf! as far back as the com- 
polit-ion of powers has been known : for the compofi- 
tion of powers always led to their rcfolution, or Ex¬ 
traction of roots, which is performed by the rules ex¬ 
actly reverfe of the former. Thus, if any root be con- 

fidered 
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fidered as confifling of two parts a + x, of which the 
former a is known, and the latter x unknown, then the 
fquare of this root being a % + 2 ax + as*, which is its 
compofition, this indicated the method of rcfolution, 
f<> as to find out the unknown part * ; for having fub- 
tra&ed the neareft fquare a* from the given quantity, 

there remains lax + sc* or la + x x sc; therefore di¬ 
vide this remainder by 2a, the double of the firll mem¬ 
ber of the root, the quotient will be nearly x the 
other member; then to 2a add this quotient x, and 
multiply the fum 2a 4 - x by a, and the produdl will 
make up tin. remaining part la* -f ,v ? of the given power. 

The compofition of the cubic or 3d power next pre¬ 
fect ed itf-'Jf, which confilts or thefe four terms a 3 4- 
3,:'-v + ja.v" + a 3 ; by means of which the cubic roots 
of numbers have been c'xtradlcd ; viz, by fuhtraeting 
the neared cube a 3 from toe given power, dividing 
the remainder hy 3a 5 , winch giver v nearly for the quo¬ 
tient ; then completing the diviforup to jn* + 30 • +a 5 , 
multiply it by a for the other part of the power to 
be fubtrafled. And this was the extent of the Ex¬ 
traction of roots in the time of Lucas de Buigo, who, 
from ’.470 to 15CO, wrote fever.il pieces on arithmetic 
and nVcbrn, which were the iirlt works of this kind 
printed in I mope. 

It \v:u not long l.owrv'r before the nature and com- 
pofition of all the higher powers berime known, atul 
general tables of eoeliieients foimed for tailing them, 
the firll of which is c ntained in Stifc ins’s arithmetic, 
printed at Norhub-rg in 1543, where he fully explains 
their ufe in hrtia&ing the roots of all powers what¬ 
ever, by methods fimilar to tliofe for the fquare anti 
cubic roots, as above deferibed ; and thus completed 
the Extraction of all forts of roots of numbers, at lead 
fo far as refpedls that method of rt dilution. Since that 
time, however, many new methods of Extraction have 
been devifed, as well as improvements made in the old 
way. 

Tin - Extraction of roots of equations followed clofe- 
Iv that of known nmnhers. In De Burgo’s time they 
extracted the roots of quadratic equations, the fame 
wav as at prefent. Ferrcus, Tartalca, and Cardan cx- 
trailed the roots of cubic eejuations, by general rules. 
Soon afterwards the roots of higher equations were cx- 
tradled, at leaft in numbers, by approximation. And 
the late improvements in analytics have furnifhcd gene¬ 
ral rules for Extrudling the roots, in infinite ferics, of 
all equations whatever. All which methods may be 
feen in moft books of arithmetic and algebra. Of 
which it may fulficr to give here a (hort lpecimen of 
fome of the eaficfl rules for Extracting the roots of 
quantities and equations, as they here follow. 

I. To Ex trail the Square Root of any Number .— 
Point off, or divide the number, from the place of 
units, into portions of two figures 
each, as hen of the number 99856, 
fitting a point or mark over the 
fpacc between each portion of two 
figures. Then, beginning at the left 
hand, take the greatcll root 3, of 
the firll part 9, placing it on the 
right hand for the in't figure of the 
root, and fubtr.idling its fquare 9 
from the laid firlt part ; to the re- 


. . root 

99856 ( 3*6 

9 


fi1 

98 

1 

fix 


626 3756 
6 (3756 


2 ( 1-41421356 
1 


24 too 
4 y6 


mainder, which here is o, bring down the 2d part 
98, and on the left hand of it place 6 the double of 
the firft figure 3, for a divifor; conceive a cipher add¬ 
ed to this, making it 60, and then divide the 98 by 
the 60, the quotient is x for the fccond figure of the 
root, which is accordingly placed there, after the 3, 
alfo in the divifor after the 6 and below the fame; 
then multiply thefe as they (laud, the 6x by the 1, 
and the product 61 fet below the y8, and fubtradl it 
from the lame, which leaves 37 for the next remainder; 
to this bring down the 3d peiiud 56, making 3756 for 
the next rcl'olvend: then form its divilbr as before, 
viz, doubling the root 31, or adding, as they Hand fa 
the divifor, the I to the 61, either way making 62, 
which with a cipher makes 620, by which divide the 
refolvend 3756; the quotient of this divillon is 6, to 
be placed, as before, both as the next figure of the 
root, and at the cud of the divifor 62, and below itfelf 
there; then multiply as they Hand the whole divifor 
626 by the 6, the product 3756 is exadtly the fame as the 
rcfolvcud, and therefore the number 3x6 is accurately 
the fquare root of the given number 99856, as required. 

When the root is to be carried 
into dcccimals, couplets of ci¬ 
phers are to be added, intlead of 
ligurts, as far as may be wanted. 

In which cafe too, a good abbre¬ 
viation is made, after the work 
has been carried on to half the 
number of figures, by continuing 
it to the other half only by the 
contracted way of divifion; as 
here in the annexed example for 
the fquare root of 2 to eight de¬ 
cimals, or nine places oi figures in 
all. 

11 . To extrail the cubic root, or 
any other toot whatever. This is 
ealiell done by one general rule, 
which I have invented, and pub- 
lifired in my Tracts, vol. i, pa. 

49, which is to this effect: Let 
N be any number or power, 
wliofc nth root is to be extracted; 
and let R be the ncnn.il rational 2 

root of N, of the fame kind, or 

R n the neared rational power to N, either greater or Icfs 
than it; then (hall the true root be very nearly equal to 

n-f-1 . N 4* n — 1. R n ^ 

. - X R ; which rule is general for 

n—1 . N t- n+i. R* b 

any root whofc index is denoted by n. And by ex¬ 
pounding 71 fucceflmly by all the numbers 2, 3, 4,5, 
&c, this theorem will give the following particular rules 
fur the fcveral roots, viz, the 

?N 4 - R* 

2d or fqu. root, - 2 X R ; 

JN + 3K 


281 

1 

400 

281 

2 824 ji 

1900 

i 

3}x 1296 

28282 

j 60400 


11 

56564 


282S4 ) 3836(1356 
2828 
1008 
848 
160 

*9 

*7 


, , . 4N + 2R 1 „ 2N+ R» „ 

Jd or cube root, ^ X R.or ■ ^ ^ x R, 
4th root 


x r , 

3N+jR'* 


stb 
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5th root 
6th root 


6N+4R* 

4 N+6R> 


X R,or 


3N+»R» 

ZN+3R' 


7N+5R 8 
5N + 7R 6 


x Rj 


x R» 


. RN+6Rt 4 N-HR t 

7"‘" >ot SnTSiP xR>or 5N+jR7 * R ‘ 

& c. &c. 

Or the theorem may be ilatcd in the form of a propor¬ 
tion, thus: 


as n — 1 . N 4 - n +1 . R° : «-f- 1 . N 4- n — * • R ' 1 s • 
R : the root fought very nearly. 

For ex. fuppofc the problem pmpofed, of doubling 
the t ube, or to find the cube root of the number 2. 
Here N = 2, n — 3, and the neared power, and root 
too, is I: 

Hence tN+R* sr 4+1 = 5, 


and N + 2 It J — 2 + 2 =s 4 ; 
then 4 : 5 : : I : | = 1 ‘25 the fir(l approximation. 

Again, taking R as £> and confeq. R } ~ VV : 
Hence zN+ RJ = 4 + VV r= VV. 
and N+2R 5 = 2 + *,V = Vi! 
then 378 : 381 :: J : *£1 = 1 *259921, for the cube 
root of 2, which is exact in the very laft figure. 

And again by taking £for the value of R, a great 
many more figures may be found. 

111 . To ExtraS the Roots of Jtigrbraic Quantities,— 
This is done by the fame rules, and in the fame man¬ 
ner as for the roots of numbers in arithmetic, as above 
taught. Thus, to Extract the fquare root of 4*7* + 
izax + 9**. 

4/7* + iZA-r-ftyv* (2*7+ 3* the root 

4 a x 


4 * + 3 * 
3 V 


1 lax + 9-v* 
iiax + tjx' 1 


So alfo the root is carried out in an infinite fc- 
ries, in imitation of the like Extraction of numbers in 
infinite decimals : thus, for the fquare root of a 1 -f .v*. 




( tt + “ — — 
' 2 a 


x* 


+ &c. 

toa 4 
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2 a 

A* 

2(1 

** 
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»« 
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X* A -4 

2a + 7 “&ST 

X* 

p-rAi 
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** 

A* 
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8 71 * 1 
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2a t — 
a 

4 a* 

* i6«* 
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Bo* 




i6«* 

8 r/ 4T 

i6a g 

1 

1 . 
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To extraft the cube root of <7*— x* by the general 
rule in the 2d article.—-Here N ss a* —x 3 , R = <7, or 
R* as a* ; hence N + *R* = 3«* — .v*,and 2N + 
R* as 3 <j 5 —ix 3 ; therefore, by the rule. 


X J 0C® X 9 

: 3a s — ix* :: a ; a — —- — —■—-j &c, 

3<t* 9 a* 27 a 1 * 

which is the cube root of a 1 —x* very nearly. 

• Rut thefe forts of roots arc belt extracted by the Bi¬ 
nomial Theorem 5 which fee. 

IV. To E-' trafl the Roots of Equations.— This is the 
fame tiling as to find the value of the unknown quan¬ 
tity in an equation; which is effected by various means, 
depending on the form of the equation, and the height 
of the higheft power of the unknown quantity in it: for 
which, lee the refpeclive terms, Equation, Root, 
Quauratic, Cubic, &c. 

The moll general, as well as the moll eafy, method 
of Extracting the roots of all equations, is by Double 
Pohtion, or Tt ial-aud-Error ; as it ealily applies to all 
forts of equations whatever, be they ever id complex, 
even logarithmic and exponential ones. There arc alfo. 
feveral other good methods of approximating to the 
roots of equations, given by Newton, Iiallcy, Kaphfon, 
IX- Moixre, &c; of which the moll general is a rule 
for Extracting the root of the following indefinite equa¬ 
tion, 

viz, nz + Iz 1 -J- e * 3 + r/a 4 + re* &c 

= ,er + h % + iv 1 + h A + b ' 5 

given bv M. De Moivrc in the Philol. Tranf. vol. 20. 
p. h;c>, or Abr. vol. 1, pa. 101. 

1 ' XTRADOS, the outlide of an arch of a bridge, 
vault, &c. 


EX TR \ 1 Sl\'-atul-Mnm Proportion, is when a line, 
or any quantity is fo divided, as that the whole line is 
to the guliter part, as that greater part is to the Id's 
part. Hence, 111 any line fo divided, the redangle of 
the whole line and the Ids figment, i» equal to the 
fquare of the greater figment. 

Euclid (hews how to divide a line in Extranc-nnd- 
inean ratio, in his hlenients, hook 2, prop. 11, to this 
effect : Let All be the given line ; to which draw A K 
perpendicular and equal to hull All ; in EA produced 
take EF sc Ell, fo (hall AE be equal to the greater 

i iart ; coniequently if AG be taken iqu.d to AE, the 
iut AB will be divided in C as required. 



The fame may be done otherwife thus: 

As before, make AE (fig. 2.) perpendicular and ss 
*A 11 : join Ell, on which take EC == EA, and then 
take HD ss: 13 C, (b (hall the line be divided in D a» rt- 
cptired. 

No number can be divided into extreme and mean pro¬ 
portion, fo that it* two parts fhall be rational; ns is well 
demon drat cd by Clavius, in his Commentary upon the 
9th book of Euclid’s Elements; and the fume thing will 
alfo appear from the following algebraical folutiun of 
the fame problem : Let a denote the whole line, and x 
the greater part; then (hull a—x be the lefs part, and 

the 
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the t*e£langl'c of the whole and lefs part being put e^ual 
to the fq uarc o f the greater part, gives this equation, 

■*'= a X a—x r: a 1 — ax} hence ax ss a * and by 
completing the fquare, and extracting the root, &c. 


there is at lall x = 


~~ 1 


a the greater part; confe- 


quently a — x = -* ——a is the lefs part. And as the 

fquarc root of 5, which cannot be exattly extracted, 
makes a portion of both thefe parts, it is inaiiifdt that 
neither of them can be obtained in rational numbers. 

Euclid makes great ufc of this problem, viz, in fc- 
veral parts of the 13th book of the Elements ; and by 
means of it lie CoultruCts that notable proportion, viz 
the 10th of the 4th book, which is to conllnic.t an 
ifofceles triangle having each angle at the bafe double 
the angle at the vertex. 

EXTREMES C.onjunR, and Fxtrf.mfs Disjunct, in 
Spherical Trigonometry, are the former the two circular 
purts that lie next the uflumed middle part, and the 
latter are the two that lie remote from the middle 
part. Thefe were terms applied by lord Napier, in his 
uuivirful theorem for refolving all right-angled and 
quadrantal Iplurical triangles, and publifhcd in his l.o- 
garithmonnn Canouis Defcriptio, an. 1614. In this 
theorem, Napier coiidcnfes into one rule, in two parts, 
the rules for all the cafes of right-angled fpiierical trian¬ 
gles, which had been fcparatcly demonttratedby Pitifcus, 
jLanlbergius, Copernicus, Regiomontanus, and others. 
In this theorem, negleCting the right angle, Napier calls 
the other five parts, circular parts, which are, the 
two legs about the right angle, and the complements of 
the other three, viz of the hypothcnnfe, and the two ob¬ 
lique angles. Then, taking any three of thefe five parts, 
one of them will be in the middle between the other 
two, and thefe two are the Extremes Conjunct when 
they are immediately adjacent to that middle part, or 
they are the Extremes Disjunct when they are each fe- 
parated from the middle one by another part. Thus, 
the five parts being AB, AC, and 
the complements of BC and of the 
two angles B and C : then if the 
three parts be AB, and the comple¬ 
ments of the angle B and hypothe- 
nufc BC be taken, thefe three are 
contiguous to each other, the angle 
B lying in the noddle between the 
other two : therefore tin comp, of 
B is middle part, and A R with the comp, of BC the 
Extremes Cnnju: C. But if the time lidis be taken; 
ISC is ceualiy fvgjrated from the two leg- AB and 
AC, lv two angles B and C ; and therefore t... i'e two 
legs A B and AC are Extremes Disjunct, and the cotnp. 
of BC the middle part. 

Napier’s rule for refolving each cafe is in two parts, 
as below; 

The rectangle contained by radius and the f: e o r the 
middle part, is equal to the rectangle of the 1 agent of 
the Extremes conjunct, or equal to the rectangle of the 
fines of the Extremes disjunct. Which rule compreli. r.ds 
all the cafes that can bippen in right-angled fphuical 
triangles; in the application of which rule, the equal 
rectangles are divided into a proportion or analogy, in 
. fuch manner that the term luught may be the lall of 



the four terms that are concerned, and confequcntly Its 
corresponding term in the fame redtangle mull be the 
firft of thofe terms. 

EYE, the orgau of fight, confifting of feveral part*, 
and of fuch forms as bell to anfwer the purpoic for 
which it was foi mcd. 

As vifion or fight is effected by a refraction of light 
through the humours of the eye to the bottom or 
farther internal pait of it, where the images of ex¬ 
ternal objects are formed on a fine expanlion of the 
optic nerve, called the Retina, and therefore the fore¬ 
part of the eye mult he of a convex figure, and of 
fuch a preeife degree of convexity as the particular re¬ 
fractive power of the feveral humours require for form¬ 
ing the image of an object at a given focal dilkmetf, 
viz, the diameter of the eye. Hence we find, 

ill ; The external part of the eye-ball CD (Plate 
2 , fig. 8.) is u lining pellucid fubftance, properly eon. 
vex, and which, when dried, has fotnc rcl'emblance to 
a piece of tranfparent horn, for which reafoii it is called 
the Cornea, or horny coat of the eye. 

2dly ; Immediately behind this coat there is a fine 
clear humour which, from its likenefs to water, is 
called the /tqueous or watery humour, and is contained 
in the fpace between CD and til’ll. 

3 dly; In this fpace there is a membrane or diaphragm, 
called the Uvea, with a hole in the middle as at 1 ; , call¬ 
ed the Pupil, of a mufcular contexture for altering the 
dimcnfioits of that hole, for the adjulting or admitting a 
due quantity of light. 

4thly ; juft behind this diaphragm is placed a lentf- 
cular-formcd fubllatice GK, of a couliderable confid¬ 
ence, called from its tranfpareocy the Cr^jialhne hu¬ 
mour. This is contained in a line tunic called the Cho- 
roides, and is fufpended in the middle of the eye by a 
ring of mufcular fibres called the JLigamrntum Ciliare y 
as at G and E ; by which means it is moved a little 
nearer to, or farther from, the bottom of the eye, to 
alter the focal diftaucc. 

5thly ; All the remaining interior part of the eye, 
conftituting the great body of it*, from GHE to lMlv, 
is made up of a large quantity of a jelly-like fubilaucc, 
called the Vitreous orglafly humour; though it rclcm- 
bles glafs in nothing except its trjufparency ; it being 
molt like the white of an egg of any thing. 

fithly ; On one tide of the hinder part of the Eye, as 
at K, the optic nerve cnteis it from the brain, and is cx- 
ptndcd over all the interior part of the eye to G and E 
quite around, the expanlion being named the Retina. 
On this delicate membrane, the image IM of every ex¬ 
ternal object OB, i*- formed according to the optic laws 
of nature, in the following manner. 

.Let OB he any very diltaut object. Then a pencil 
of rays prove, ding f-. o.n any point .L, will fall on the cor¬ 
nea CD, and be rtiVacaed by the aqueous humour un¬ 
der it, to a point in then\’- ftlnt pencil continued out. 
Then the radius of on . of the- cornea being nearlv 1 
of an inch.; and th ..... ... 'ncldv . in aii tut! a; of 
fraction in the aqueoua i-uu.o'.r. '...■ng mu:.’ a’ . to 3, 
fuppoli ’g the rays j. ajilei, or the obje,*. ve.-_. fai :ant, 
the i. , ’ diftaucc *ur the lirit refraction, by lb * gro¬ 
per tueomn —, will he found IJ inch from the 
rn — n 

cornea : r being the f adius ], and m to n as 4 to 3. 

The 



EYE 


EYE [ 464 ] 


The rays thus refrafttd by the cornet, fall converg- 
ing on the cryftalline humour, and tend to'a point 1 -228 
inch behind it 5 alfo the radii of convexity in the faid 
humour are \ and | rcfpedtively ; and the line of inci¬ 
dence to that of refraction of the aqueous into the 
cryitalliuc humour, being as 13 to 12 ; therefore, by 

this theorem — —---7- — , the focal diflanec after re- 
mtl—rul+tir 

fraftion in the cryflalline, will be 1*02 inch from the 
forepart of it: where as 13, «=. 12, r= $, and 
d — 1 *2 2 8, 

The rays now pafs from the cryflalline to the vitre¬ 
ous humour ftill in a converging Hate, and the fines 
of incidence and rcfradlion being here as 12 to 13, as 
found by experiment; and fince the furface of the vi¬ 
treous humour is concave which receives the lavs, and 
is the fame with the convexity of the hinder furface of 
the cryflalline, the radius will be the fame, viz .{ of 
an inch. Therefore the focal diilanee after this third 

refra&ion will befound, by this theorem,— - , 

' tid — via + in¬ 

to he 6 tenths of an inch nearly from the hinder part of 
the cornea : where m—12, 11— 13, r= J, and ^=.•82 ; 
the thick uefs of the lens of the cornea being nearly 
■J of an inch. 

Now experience (hews that the diilanee of the re¬ 
tina in the back part of the eye, behind the coinea, 
is nearly equal to that focal did mice ; and therefore it 
follows that all objefls at a gnat diilanee have their 
images formed on the retina in the bottom or hinder 
part of the eye, and thus diiliiuil vifioit is produced by 
this wonderful organ of optic fcnfaiion. 

When the diilanee of objects is not very great, the 
focal diilanee, after the laft refraction in the vitreous 
humour, will be a little increafcd ; and to do this we can 
move the cryflalline a little nearer the coi nea by means 
of the ligamentum ciliarc, and thus on all occafions it 
may be adjufttd for a due focal diilanee for every dis¬ 
tance of objects, excepting that which is lei's than 6 or 
7 inches, in good eyes. Many arc of opinion, however, 
that this is effected by a power in the eye to alter the 
convexity of the cryflalline humour as occaiiou re¬ 
quires ; though this is rather doubtful. 

By what has been faid it appeais, that rays of light 
flowing from every part of an obj> £1 OB, placed at a 
proper diilanee from the eye, will have an image IM 
thereby formed on the retina in the bottom of the 
eye; and fi ce the rays OM, BI, which come from 
the extreme part s of the objefk, crofs each other in the 
middle of the pupil, the position of the image IM. will 
be contrary to that of the object, or inverted, as in the 
cafe of a lens. 

The apparent plaee of any part of an object is in 
the axis, and conjugate focus of that pencil <>f rays by 
■which that part or point is formed in the image. Thus, 
OM is the axis, and O the focus proper to the rays 
by which the point M in the image is made ; therefore 
the fenfation of the place of that part will be con¬ 
ceived in the mind to be at O ; in like manner the 
idea of place belonging to the point I, will be referred 
in the axis IB, to the proper focur B ; therefore the 
apparent place of the whole image JM, will he con¬ 
ceived in the mind to occupy all the fpace between O 
and B, and at the diilanee AL from tire eye. 


Hence likewife appear* the rcafon, why vec fee aa 
objeft upright by means of au inverted image; for 
fince the apparent place of every point M will be in 
the axis MO at O; and this axis eroding the axis of 
the eye H L in the pupil, it follows, that the fcnlible 
place O of that point will lie, without the eye, on the 
contrary fide of the axis of the eye, to that of the point 
in the eye ; and lince this is true of all other parts or 
points in the image, it is evident that the portion of 
every part-of the objcdl will he on the contrary fide of 
the axis to every com-fpondiug part in the image, and 
therefore the whole objeft OB will have a contrary 
pofit ion to that of the image IM, or will appear up¬ 
right. 

If the convexity of the cornea CD happens not ex- 
a<£lly to correfpond to the diameter of the eye, confi- 
dered as the natural focal diilanee, then the image will 
not be formed on the retina, and confequeutly uo dif- 
tindl viiiou can be cffedled in fuch an eye. 

If the cornea he too convex, the focal diilanee In 
the eye will be lefs than its diameter, aud the image 
will be formed Ihort of the retina. Hence the rcalnn 
why people having fuch eyes are obliged to bold things 
very near them, to lengthen the focal diftances; and 
alfo why they ufe concave glafl'es to counteract or re¬ 
medy the excels of convexity, in order to view diilaut 
objects diftindlly. 

When the eve has lefs than a juft degree of con¬ 
vexity, or is too flat, as is generally the cafe with old 
eyes, by a natural deficiency of the aqueous humour, 
then the rays tend to a point or focus beyond the re¬ 
tina or bottom of the eye; and to fupply this want of 
convexity in the cornea, we ufe convex leufes in thofe 
frames called lpectacles, or viluul glafl’es. 

Since the rays of light OA, BA, which conflilute 
the vifual angle OAB, will, when they are intercepted 
by a lens, be refradted fooucr to the axis; the laid 
angle will thereby be enlarged, and the object of 
courfe become magnified ; which is the rcafon why 
thofe lenfes are called magnifiers, or reading-glaffos. 

The dimtuiions, or magnitude, of an objedi OB, an* 
judged of by the quantity of the angle OAB which it 
l'ubtends at the eye. I'or if the fame object be placed 
at two different diftances 1 . and N, the angles OAB, 
eA/<, which in thefe two places it fubtends at the eye, 
will be of different magnitude; and the lineal dimen- 
fious, viz length and breadth, will he nt N and at I., 
as the angle oAb is to'the angle OAB. But the fur- 
faces of the objects will he as the fquarcs of thofe an¬ 
gles, and the folidities ns the cubes of them. 

It is found by experience, that two points O, L, 
in any objcdl, will not he dillindlly feen l>y the Eye, 
till they are near enough to fubtend an angle OAl> of 
one minute. And hence when objefts, however large 
they may be, are fo remote as not to be fern under an 
angle of one minute, they cannot properly be faid to 
have any apparent dimenfions or magnitude at all; fuch 
as is the cafe of the large bodies of the planets, comets, 
and fixed liars. But the optic fcience ha? fupplied 
means of enlarging this natural fmall angle under which 
mull diflant objects appear, and thereby increafing their 
apparent magnitudes to a very furprifing degree, in 
the inftance of that noble mftrument the telefcopc. 

On the other band, there arc in creation an infinity 

•f 
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of obje&A, of fiich fmall dimenfioni, that they will 
•not lubtend the requifitc angle, if brought to the 
neared: limits of diftinA vifion, viz 6, 7, or 8 inches 
from the Eye, as found by experience; and therefore 
to render them vifiblc at a very near diftance, we have 
a variety of glades, and inftrumenta of different con- 
ftrudlions, ufusdly called microfcopcs, by which thofe 
minute objects appear many thoufand times larger than 
to the naked Eye ; and thereby enrich the mind with 
difeoveries of the fublimeit nature, in regard to crea¬ 
tive power, tvifdom, and ccconomv. 

EYK-glafs, in Optical Inllruments, is that which is 
next the Eye in tiling the machine. This is ufually 
* lens convex on both tides ; but Eullachia Divini long 


fincc invented a microfeopc of this kind, the power of 
which he places very greatly above that of the common 
fort; and this chiefly depending on the Eye-glafs, which 
was double, confiding of two plano-convex glades, f« 
placed as to touch one another in the middle of their 
convex furfacc. Tin's in liniment is well fpoken cf by 
Fabri in his Optics, and as po/Tcfiing this peculiar ex¬ 
cellence, that it Ihews all the ohjefts flat, and not 
crooked, and takes in a large area, though it magni¬ 
fies very much. 

Bull's EYE, a liar of the firft magnitude, in the 
Eye of the conllellation Taurus, the bull, and by the 
Arabs called Aldelaran . 





FAC 

F ACE, or Fa$ aue, in Architecture, is fometimes 
ufed for the front or outward part of a building, 
which immediately prefents itfelf to the eye; or the 
fide where the chief entrance is, or next the itreet, See. 

Fac 1., Facia, or F'ascia, alfo denotes a flat mcm- 
l.er, having a coiifidcrahlc breadth, and but a fmall 
pnjeiturc. Such are the bands of an architrave, lar¬ 
mier, &c. 

Face, in A Urology, is ufed for the 3d part of a fign. 
•—Each fign is fuppofed to be divided into three faces, 
of 10 degrees each : the firil 10 degrees compofe the 
full: face; the next 10 degrees, the 2d face; and the 
Fill 10, the 3d face.—Venus is in the 3d face of Tau¬ 
rus ; that is, in the lall 10 degrees of it. 

Faces of a Bujlion , in Fortification, are the two 
fbremoli fidcs, reaching from the flanks to the outer- 
1110ft point of the balliun, wjiere they meet, and form 
the faliant angle of the ballion. Thofe arc ufually the 
£ril parts that are undermined, or beaten down ; be- 
enufe they reach the farthcll out, arc the lenlt flanked, 
and are therefore the weakell. 

Face of a l'Lue, is the extent between the outer- 
noll points of two adjacent bullions; containing the 
curtain, the two flanks, and the two faces of thofe 
bullions that look towards each other. This is other- 
wife called the Tenaillc of the place. 

Fa c f Prolongs,/, is that part of a line of defence ra- 
ftnt, which ib between the angle of the epaule or 
fhouldcrof a ballion and the curtain ; or the line of a 
defence rafant diminiflicd by the face of the bullion. 
,Vol. 1. 


FAC 

FACIA, in Architc&ure. See Fa#e, and Fas¬ 
cia. 

FACTORS, in Multiplication, in Arithmetic, a 
name given to the two numbers that are multiplied to¬ 
gether, viz, the multiplicand and multiplier j fo called 
hccaufc they are to facere produdlum, make or conllt- 
tute the faclum or produdl. 

FACTUM, the produdl of two quantities multiplied 
together. As, line fadluni of 3 and 4 is 12 ; and the 
factum of 2,t and 5 b is 10 at. 

FACITL/K, Jin Aflronomy, a name given by Schei- 
ner, and others after hint, to certain bright fpnts on 
the fun’s dife, that appear more bright and lucid than 
the refl of his body. 

Hevelius allures us that, on July 20, 1634,11c ob- 
ferved a f.tcula whole bread I h was erpul to a 3d part of 
the fun’s diameter. He lays too that the macula-often 
change into Faculty ; but thefe feldom or never in¬ 
to macula:. And fome authors even contend that all’ 
tin,- maculae degenerate into Faculty before they quite 
disappear. Many authors, after Kirchcr and Scheme*!', 
have reprefented the fun’s body full of bright, fiery 
fpots, which they contei-.v to be a fort of volcanos in 
the body of the fun ; but Huygens, and others of the 
luted and bcif obfervers, finding that the hell tclcfcopes •’ 
difeover nothing of the matter, agree entirely to ex¬ 
plode the phenomena of Facukv. All the foundation ; 
he could fee for the* notion of Facuia.-, he fays, -wit's, 
that in the dark ilh clouds which frequently furround the 
macula*, there arc fometimes fecn little points or fparks 
3 O brighter 
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brighter than the reft. Their caufe Is attributed by 
tliefe authors to the tremulous agitation of the vapours 
near our earth; the fame as fometimes (hews a little un- 
evenncfs in the circumference of the fun’s difc when 
viewed through a telefcope. Stri&ly then, the Faculx 
are not cru&ations of fire and flame, but rcfradions of 
■the fun’s rays in the rarer exhalations, which, being 
eondenfcd near that fhadc, fccm to exhibit a light great¬ 
er than that of the fun. 

FACULTY, denotes the feveral parts of an univer- 
fity, divided according to the arts or fciences taught or 
profefl’ed there. In moll univerfities there arc four 
Faculties ; that of arts, which includes philofophy and 
the humanities or languages, and is the mod ancient 
and extenfive ; the 2d is that of theology ; the 3d, 
that of medicine ; and the 4th, jurifprudrnce, or laws. 

FALCATF.l), one of the phafes of the planets, 
vulgarly called horned. The aftronomers fay, the 
moon, or any planet, is Falcated, when the enlightened 
part appears in form of a crclcrnt, like u fickle, or leap- 
ing-huok, which by the 1 .atins is called falx. The 
moon is Falcated while the moves from the 3d quarter 
to the conjunction, and fo on from hence to the full 
quarter; Uie bright part appearing then like a crefccnt, 
viz during the fit ft and hill quarters, liut during the 
2d and 3d quarters, the light part appears gibbous, and 
the daik pait Falcated. 

FALCON or Favcon, and Falconet or Fauco- 
n ET, certain old fpecics of cannon, now long difuied. 

FALL, the defeent or natural motion of bodies to¬ 
wards the centre of the earth, See. Galileo firll dil- 
covered the ratio of the acceleration of falling bodies ; 
viz, that the fpaces defeended from reft arc as the 
fquares of the times of defeent; or, which comes to 
the fame thing, that if the whole time of Falling be 
divided into any number of equal parts, whatever ipace 
it falls through in the tirft part of the time, it will Fall 
3 times as far in the 2d part of time, and 5 times as 
i'ar in the 3d portion of time, and fo on, according to 
the uneven numbers 1, 3, 5, 7, Scc. See Accelera¬ 
tion, Dl STENT, GrA\ ITY, &C. 

FALSE-brayf., in Fortification. See Fausse- 
braye. 

False Pufuion , in Arithmetic. See Position. 

False Rooty a name given by Cardan, to the nega¬ 
tive roots of equations, and numbers. So the root of 
9 may be cither 3 or — 3, the former he calls the true, 
and the latter the falfe or fictitious root ; alfo of this 
equation a 1 — x — 6, the two roots are 3 and —2, the 
former true, and the latter Falfe. 

FASCIA, in Archiic&ure. Sec Facia and Fac e. 

FASCIAL in Aftronomy, are certain tlripcs or rows 
of bright parts, obferved on the bodies of fome of the 
planets, like fwathes, bands, or belts ; efpecially on the 
planet Jupiter. 

The Fafcisr, or belts of Jupiter, are more lucid than 
tjie reft i f the difc, and arc tt rminated bv parallel lines. 
They are fometsmes broader and fometimes narrower ; 
B*r do they always pofl’cfs the fame part of the difc. 

M. Huygens alio obferved a very large kind of 
Fafcia in Mars, In the year 1656 ; hut it was darker 
than the reft of the difc, aud occupied the middle part 
of it. 

FASCINES, in Fortification, are faggots made of 


the twig* and fmall branches of tree* and brufti wood, 
bound up in bundles; thefe, being mixed with earth, 
ferve to fill up ditches, to make the parapets of tretichcs, 
batteries, See. 

FATHOM, an Engltfh meafure of the length of 6 
feet or 2 yards; and is taken from the utmoit exteut 
of both arms when ftretched into a right line. 

FATUUS Ignit. See Ignis Fai .us. 

FAUCON, and Fauconet, the fame as Falcon and 
Falconet; the old names of certain fpecies of ordnance 2 
which, as well as many other names, are now no longer 
in ufe, as it has been for fome time the practice to de¬ 
nominate the feveral fixes of cannon from the weight of 
their ball, inftead of calling them by thofe fanciful and 
unmeaning names. 

FAUSSK-Braye, in Fortification, an elevation of 
earth, about three feet above the level ground ; round 
the foot of the rampart on the outlide, defended by a 
parapet about four or five fathoms ditlant from the up¬ 
per parapet, which parts it from the berme, and the 
edge of the ditch. The Fanlfe-hraye is the fame with 
what is othenvife called Chenn'n des rondcs, and Baffe 
enceinte ; and its ufe is for the defence of the ditch. 

FEATHEK-i.noto, is a term ufed by workmen, 
for fuch boards as are thicker on one edge, or fide, 
than on the other. 

FEBRUARY, the 2d month of the year, contain¬ 
ing 28 da-, s for three year.;, and every fourth year 29 
days.—In t!ie lirtl ages of Rome, February was the lalt 
month of the year, and preceded January, till the De¬ 
cemviri made an order tiiat February Should be the 2d 
mouth of the year, and come after January. 

FELLOWSHIP, Company, or Partnership, is 
a rule in arithmetic, of great ufe in balancing account* 
among merchants, and partners in trade, teaching how 
to afiign to every one of them his due (hare of the gain 
or lofs, in proportion to the ftock he has contributed, 
and the time it has been employed, or according to any 
other conditions. Or, more generally, it is a method 
of dividing a given number, or quantity, into any num¬ 
ber of parts, that fliail have any afligned ratios to one 
another. And hence comes this general rule : Having 
added into one fum the feveral numbers that exprefsthe 
proportions of the parts, it will be. 

As that fum of the proportional numbers : 

Is to the given quantity that is to be divided :: 

So is each proportional number : 

To the correfponding flusrt of the given quantity. 

For Ex. Suppofe it be required to divide the number 
120 into three parts that flia.ll be in proportion to each 
other as the numbers 1, a, 3.—Here 120 is the quan¬ 
tity to be divided, and 6 is the luin of the numbers I, 
2, aud 3, which exprefs the proportions of the parts 2 
therefore as 

! i : 20 the ift part, 

2 : 40 the 2d part, 

3 : 60 the 3d part. 

This rule is ufually diftinguilhed into two cafes, one 
in which time is concerned, or in which the ftocks of 
jpartners are continued for different times; and the 
other in which time is not confidcred ; this latter being 
called Single Fellowlhip, aud the former Double Fel- 
lowlhip. 
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Single Fellowship, or Fellowship without Time, 
is the cafe in which the times of continuance of the 
{hares of partners are not confidcred, becaufc they are 
all the fame ; and in this cafe, the rule will be as above, 


viz. 


As the whole Hock of the partners : 
Is to the whole gain or lofs :: 

So is each one’s particular flock : 


To his (hare of the gain or lofs. 

Ex. Two partners, A and 11 , form a joint flock, of' 
which A contributed 75I, and 11 45I; with which they 
gain 30I: how much of it mult each one have ? 

■75 : 1 81 . 15s. = A’s fltare, 

'45 : ill. 5s. = B’s fliare. 


As 120 : 30 




Double Fellowship, or Fellowship with Time , 
is the cafe in which the limes of the flocks continuing 
arc coniidcrcd, bccaufc they are not all the fame. 

In this cafe, the (hares of the gain or lofs tnuft be 
proportional, both to the fcveral fliares of the flock, 
and to the times of their continuance, and therefore 
proportional to the products of the two. Hence this 
Rule: Multiply each particular (hare of the flock by 
the time of its continuance, and add all the products 
together into one fum ; then fay. 

As that fum of the products : 

Is to the whole gain or lofs :: 

So is each fcveral product : 

To the correfponding (hare of the gain or lofs. 

For Ex. A had in company 50I. for 4 months, and 
B 60k for 5 months ; and their gain was 24I : how 
mult it be divided between them i 
50 60 

4 S 


200 300 

300 

- - - f 200 : 9I. 12s. = A’s fliare, 

As 500 : 24 : : 

[ 300 : 14I. 8s. == B’s fliare. 

FERGUSON (James'), an eminent experimental 
philofopher, meehauifl, and aflronomer, was born in 
BanifTshirc, in Scotland, 171c, of very poor parents. 
At the vety carlicft age his extraordinary genius began 
to unfold itfelf. He iirlt learned to read, by overhear¬ 
ing his father teach his elder brother : and he had 
made this acqnifition before any one fnfpctted it. He 
foon dilcovered a peculiar talic for mechanics, which 
firft arofe on feting bis father life a Icvtr. He purfued 
this Andy a confide!able length, while he was vet very 
young ; and made a watch in wood-work, from having 
once fecn one. As he had at lirfl no iuflruCtor, nor 
any help from hooks, every thing he learned had all the 
merit of an original difeovery ; and fucli, with inex- 
preflible joy, he believed it to be. 

As foon as bis age would permit, he went to fervice ; 
in which he met with hardihips, which rendered his con- 
flitution feeble thiough life. While he was fervant to 
a farmer (whofe goodnefs he acknowledges in the mo- 
deft and humble account of himfelf which lie prefixed 
to one of his publications), he contemplated and Itarued 
to know the ftars, while he tended the fheep ; and be¬ 
gan the ftudy of aflaonomy, by laying down, from his 


own ohfervations only, a celdlial globe. His kind 
maftcr, obferving thefe marks of l»ir. ingenuity, pro¬ 
cured him the countenance mid ailiftance of fome neigh¬ 
bouring gentlemen. By their help and inftmCtions he 
went on gaining farther knowledge, having by their 
means been taught arithmetic, with fome algebra, and 
practical geometry. He had got fome notion of draw¬ 
ing, and being fent to Edinburgh, he there began t» 
take portraits in miniature, at. a fmall price; an em¬ 
ployment by which lie fupported himfelf and family for 
fcveral years, both in Scotland and England, while he 
was purfuing more ferious ftudies. In London he firfl. 
publifhcd fome curious uftronomical tables and calcula¬ 
tions; and afterwards gave publicleCturesin experimental 
philofophy, both in London and moll of the country 
towns in England, with the higheft marks of general 
approbation. He was elected a fellow of the Royal 
Society, and was excufed the payment of the admiflioit 
fee and the ufual annual contributions. He enjoyed 
from the king a penfion of 50 pounds a year, befidet 
other occalional prefents, which he privately accepted 
and received from different quarters, till the time of hi* 
death; by which, and the fruits of his own labours, he 
left behind him a fum to the amount of about fix thou- 
fand pounds, inlicad of which all his friends had always 
entertained an idea of his great poverty. He died in 
1776, at 66 years of age, though lie had the appearance 
of many more years. 

Mr. Fergufon mull be allowed to have been a very 
uncommon genius, efpecially in mechanical contrivances 
and executions, for he executed many machines himfelf 
in a very neat manner. He had alio a goid tafte in 
aftronomy, with natural and experimental philofophy, 
and was poffefl'ed of a happy manner of explaining him¬ 
felf in an eafy, clear, and familiar way. His general 
mathematical knowledge, however, was little or no¬ 
thing. Of algebra he underflood but little more than 
the notation ; and he has often told me he could never 
durumflratc 011c propofition in Euclid’s Elements ; his 
conllant. method being to fatisfy himfelf, as to the truth 
of any problem, with a meafurcinent bv fcale and com- 
paffes. He was a man of a very clear judgment in any 
thing that he profeffed, and of unwearied application to 
ftudy : benevolent, meek, and innocent in his manners 
as a child: humble, courteous, and communicative: 
inftcad of pedantry, philofophy fecnied to produce in 
him only diffidence and urbanity. 

The lift of Mr. I'crgufon’s public walks, is as fol¬ 
lows : 

r. Aftrononrical Tables and Precepts, for calculat¬ 
ing the true times of New and Full Moons, Sec ; 17(1,’. 
—2. Tables and Trails, relative to feveial arts and 
feiencts; 1767.—3. An Eafy Introduction to Aflro- 
r.omy, for Young Gentlemen and Ladies ; 2d edit. 
1769.—4. Aftronomy explained upon Sir lfaac New¬ 
ton’s Principles ; 5th edit. 1772.—5. Lettures on Sc- 
leCt Subjects in Mechanics, Hydroftatics, Pneuma¬ 
tics, and Optics ; 4th edit. 1772.—6. Select Mechani¬ 
cal Exercifes; with a ftiort Account of the life of the 
author, by hiinfclf; 1773.—7. The Art of Drawing 
in Pcrfpectivc made eafy; 1775.-8. An Introduction 
to Elcdtricily; 1775.—9. Two Letters to the Rev. 
Mr. John Kennedy; 1775.—10. A Third Letter to 
the Rev. Mr. John Kennedy ; 1775- 
3 0 2 ‘ FERMAT 
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FERMAT (Peter), counfellor of the parliament 
«f Touhufe, in France, who flourilhed in the 17th cen¬ 
tury, and died in 1663. He was a general fcholar, and 
a uriiverfal genius, cultivating jurisprudence, poetry, 
and mathematics, but cfpecially the latter, for his atnule- 
ment. He was contemporary and intimately connected 
with Merfenne, Torricelli, Des Cartes, Pafcal, Kobcr- 
val, Hu ygens, Frenicle, and Carcavi, and feveral others 
the moft celebrated philofophers of their time. lie 
was a lint-rate mathematician, and pofl'eflcd the fim.lt 
tafte for pure and genuine geometry, which he contri¬ 
buted greatly to improve, as well as algebra. 

Fermat was author of 1. A Method for the Qua¬ 
drature of all forts of Parabolas.—2. Another on Maxi- 
mums and Minimums: which ferves not only for the 
determination of plane aiid foil'd problems; but alfo for 
drawing tangents to curve lines, finding the centres of 
gravity ip folids, and the refolution of queitions con¬ 
cerning numbeis : in Ihort a method very fimilar to the 
Fluxions of Newton.—3. An Introduction to Geome¬ 
tric J.oci, plane and folid.——4. A Treatife on Spheri¬ 
cal Tangencivs: where lie dernouft rates in the lolids, 
the fame things as Vieta demonllrated in planes.—5. A 
Rtfloration of Apollonius’s two books on Plane Loci. 
——6. A General Method for the dimeniiou of Curve 
Lines. Befidcs a number of other in.alter pieces, and 
many letters to learned men ; levtrr.i of whieli are to he 
found in his Opera Faria ALithematica, printed at 
Touloufc, in folio, i6"q. 

FERMENTATION, ati intefline motion, a riling 
fpontaneoully among the fmall and infenlible particles 
of a mixed body, thereby producing a new difpoiition, 
and a different combination of thole parts. Fermen¬ 
tation differs from diffolution, as the caufe from its ef¬ 
fect, the latter being only a refult or effect of the 
former. 

FESTOON, in Architc&ure Sic, a decoration in 
form of a garland or duller of flowers. 

F 1 CHANT Flank. See Flank. 

Ficmant Line of Defence. S ee F1 x f 0 Line of Defence. 

FIELD-Fokt. See Fort 1 n k. 

Fii;ld-P/c.w, are fmall cannon, ufually carried along 
with an army in the field: Inch as, one pounders, one 
and a half, two, three, four, iix, nine, and 12 pounders; 
which, being light and fmall, are lalily cariied. 

Fi v.va-StoJf, is a llaff carried by the gnatics, in 
which they ferew lighted matches, when they are on 
ferviee ; which is called arming the Field-flails. Sec 
-Linstock. 

Fih.d of View, or of V'tfion, is the whole fpace or 
extent within which objedti can be feen through an' op¬ 
tical machine, or at one view of the eye without turn¬ 
ing it. 

The preeife limits of tin’s fpace are not cafily afeer- 
tained, for the natural view of the-eye. In looking at 
a fmall diflaucc, we have an imperfect glimpfe of ob- 

i 'eifts through almoil the extent of a hcinifphere, or at 
call for above 6c degrees each way from the optic 
axis j Jnit towards the extremity of this fpace, objects 
are very imperfectly feen ; ami the diameter of the lield 
ef diftindi vifion does not fubtend an angle of more 
than y degrees at moft, fo that the diameter of a dif- 
tindt image on the retina is lefs than ! of an inch ; 
kn: it is probably much l< fs. 
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Field -Bool, in Surveying, a book ufed fur fetting 
down angles, diitances, and other things, remarkable in 
taking furveyg. 

The pages of th'c Field-book may be conveniently 
divided into three columns. In the middle column are 
to be enlcrtd the angles taken at the feveral Rations by 
the theodolite, with the diflances meafured from Ration 
to Ration. And the offsets, taken with the offset-Raff, 
on cither fide of the Ration line, are to be entered in 
the columns on cither fide of the middle column, ac¬ 
cording to their polition, on the right or left, with re- 
fped to that line : alfo on the right or left of thtfc are 
to be let down the names and characters of the ohjedta, 
with proper remarks, &c. See u fpccimen in my 
Trial iff on Menfuration, pa. 517, ed. 2d. 

FIFTH, in Millie, one of the harmonical intervals or 
concords ; called by the ancients Diapcnte. 

The Fifth is the 3d in order of the concords, and 
the ratio of the chords that produce it, is that of 3 to 

2. It is called Fifth, bccaufc it contains five terms, or 
founds, between its extremes, and four degrees; fo 
that in the natural hale of inufic it conus in the 5th 
place, or order, from the fundamental.—The impel feel, 
or defective Fifth, by the ancients called Scuudiupeutc, 
is lei's than the Fifth by a mean lemitonc. 

F 1 CURAL, tiu fame as 1 'iguratj: numbers: 
which fee. 

FIG UR \TE Numbers, fuel) as do or may reprefent 
foinc geometrical figure, in relation to which they are 
always conlidcrcd ; as triangular, pentagonal, pyrami¬ 
dal, &c, numbers. 

Figurn'.e numbers are diflfnguiflied into order*, ac¬ 
cording to their place in the teal.- of their grr.ciat: ui, 
being all produced one from anottur, viz, bv add’ng 
continually the terms of any oik, the lecceflive funis are 
t he terms of the next order, beginning from t lie fir ft 
order which is that of equal units i, 1, 1, 1, &c ; thin 
the older confi'is of the fuciefftvc funs of thole of 
the lit order, forming the arithmetical prog:iff:on 1, 
2, 3, 4, &c ; thofc of the 3d order are the fi.eecflive 
lams of tliufe of the 2d, and art the ttianguiar num- 
neif. 1, 3, 6, ic, 15, Ac; tliofe of the .)th order are 
the fucceffivc 1 urns of thofc of the 3d, and ;:;i the py¬ 
ramidal numbers i, 4, 10, 20, yy, tSce ; and fo on, 
as below: 

Order. Name. Numbers. 

1. Equals. 1,1, I, 1, 1, Ac. 

2. Arithmetical!!, 1, 2, 3, 4, 7, £ e. 

3. Tiinngulars, 1, 3, 6, to, 15, Ac. 

4. l’yramida’s, 1, 4, jc, 20, 37, Ac. 

5. 2d Pyrjmidals, 1, y, 15, 35, - r >, S c. 

6 . 3d Pyramidal*, 1, (., 21, yd, 126, fro. 

7. 4th Pyramidals, 1, 7, 2#, 84, 210, Ac. 

The above are all confidered ns different forts of 11 inn* 
gular numbers, being formed from an arithmetical ]uo- 
grtflion whofe common difference is 1. But if that 
common difference be 2, the fucceflivc Aims will he 
the feries of fquare' numbers : if it be 3, the ferics will 
be pentagonal numbers, or pentagons; if it 1104, the 
feries will be hexagonal numbers, or hexagons ; and fo 
on. Tims; * 

Jritf^ 
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jtrltbmt - 
ticals. 

ill Sums, or 
Polygons. 

2d Sums, or 
- 2d Polygons. 

«> *. 3 » 4 . 

Tri. 1, 3, 6, 10 

1, 4 » 10 > 20 

*> 3 . 5 » 7 . 

Sqrs. 1, 4, 9, 16 

i» 5 » I 4 » 3 ° 

1, 4,'7, 10, 

Pent. 1, 5, 12, 22 

t, 6, 18, 40 

*> 5 » 9 » * 3 » 
&c. 

Hex. 1, 6, 15, 28 

*> 7 > 2Z » 5 ° 


' And the rcafon-of the names triangle s, fqunres, penta¬ 
gons, hexagons, &c, is, that thofe numbers may be 
placed in the form of thefe regular figures or polygons, 
as here below: 



to 

• • • • 
• • • 

• • 


* 4 - 




Squares. 
9 

• • • 
• • • 
• • • 


l6 

• • • • 

• • • • 

• • • • 

• • • • 


Pentagons. 

5 


• * 



1 


Hexagons. . 

6 15 


• • 



Hut the Figwrate numbers of any order may alfo be 
found without computing thofc of the preceding or¬ 
ders ; which is; done by taking the fecccHivc products of 
as many of the terms of the arithmcticals t, 2, 3, 4, 
5, &«:, in their natural order, as th-. t are unit-., in the 
number which denominate:; the order of I'i,;u:;:tire¬ 
quired, and dividing thofe products ulvv.ivs b_v tine full 
product : thus, the triangular numbers are timud hy 
dividing the produels 1 X 2, 2 ■ 3, 3 x 4, 4 X 5, 
&e, each hy the ill pr. 1 x 2; the full p\ ran, ids by 
dividing the products 1 X 2 X 3, 2 x 3 X 4, 3 X 4 X q, 
&o, hy the hr It IX2X3. 2'ml, in general, tie: ti- 
gurati- numbers of an) order «,. \ found by fuMl - luting 
lucccifively 1, 2, 3, 4, 5, &o, inflead of.v in this general 


f 1 . r f 2 


expreffion — 

I * 2 • ^ • t\v 

factors in the numerator and denominator are fi’ppi 
to be multiplied together, and to be e utinue l t ‘l 
•umber in each be Ids by 1 than that which expiclfcs 


; wheret 

4 • i\v 

" .n> 


order of the Figurates required. See Madaurin’s Flux¬ 
ions, art, 351, in the notes ; alfo Simpfon’s Algebra, 
pa. 213; or Malcolm’s Arithmetic, pa. 396, where 
the fubjeck of Figurates is treated iu a very extenfive 
and pc rfpicuous manner. 

FIGURE, in general, denotes the furface or termi¬ 
nating extremes of a body.———All finite bodies have 
fome figure, form, or fhape ; w hence, fi gullibility is 
reckoned among the eflential properties of body, or 
matter: abmlv without Figure, wouldbean infinite body. 

Figures, in Architecture and Sculpture, denote 
reprefe:nations of things made in folid matter ; fucli as 
ftatucs, &c. 

Figures, in Arithmetic, arc the numeral cliarafters, 
by which numbers are expreffed or written, as the ten 
digits, r, 2, 3, 4, 5, 6, 7, 8, 9, o. Thefe sire ufually 
called the Arabic, and Indian figures, from which people 
it is fuppofed they have been derived. They were brought 
into Europe by the Moors of Spain,, and into England 
about 1130, ;u Dr. Wallis apprehends: fee his Alge¬ 
bra, pa. 9. However, from fome ancient dates, fup¬ 
pofed to confift wholly or in part of Arabian figures, 
fome have concluded that thefe Figures, originally In¬ 
dian, were known and ufed in this country at Icafl as 
early as t lie 10th century. Hie oldeft date difeoverod 
by Dr. Wa}iis, was on a chimney piece, at Ilelmdon, 
in Northamptonfliire, thus Mi33, that is 11 33. Othec 
dries difeovertd fince, arc 1090, at Cole heller, in Ef- 
fex ; Mi fi or 1016, at Widgcl-hall, near Buntingford, 
in Hertfordfliirc ; 1011 on the north front of the pa- 
rilh church of Rumfcy in Hampfhire; and 975 over 
a gate-way at Worccfler. 

Dr. Ward, however, has urged fevcral objections’ 
againfl tlie antiquity of thefe dates. As no example 
occurs of the ufe of thefe figures in any ancient maiku- 
feript, earlier tfian fome copies of Johannes de Saero 
Bol'co, who died in 1256, he thinks it ftrange that 
thefe Figures fliould have been ufed by artificers fo 
long before they appear in the writings of the learned ; 
and he alfo difputcs the fact. The Hclmdon date, ac- 
coiding to him, fhould be 1233 ; the Colcheftcr date 
1400 ; that at Widgcl-hall has in it no Arabic Fi¬ 
gures, ‘.lie 1 and 6 being I and G, the initial letters of 
a name ; and the dale at Woreeltcr cor.alls, he flip- 
pofes, of Roman numerals, being really MXV. Mar- 
tyn’s Alnidg. Pliiiof. Tianf. vol. 9, pa. 420. 

Mr. Gibbon obferves (in his Hiflory of the Decline- 
and Fall of the Roman Empire, vol. v. pa. 321). 
that “ under the reign of the caliph Waled, the Greek 
language and char-aci; rs were excluded from the ac¬ 
counts of the public revenue. If tin's change was 
productive of the invention or familiar ufe of out pre- 
ient numerals, the Arabic cliaratleis or cyphers, us 
they are commonly 11 vied, a regulation of office has 
pioinotcd the inoil important difeoveries of arithmetic, 
algtbra, and the mathematical fcicnccs.” 

On the other hand it may be obferved that, “ a«- 
corduig 10 anew, though probable notion, maintained 
by M. ue Villaifon) Anccdota Grseca, tom. ii. p. 15 2, 
157), our cyphers are not of India.' or Arabic inven¬ 
tion. They were un u by the Greek and JLati.i arith¬ 
meticians long before the age of Boethius. After the 
extinction of fcience in the weft, they were adopted 
in the Arabic vcnioiu from the original manulcripts. 
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and reftared to tha Latins about the eleventh cen¬ 
tury. 

Figure, in Aftrology, a defcrijption, draught, or 
eonftru&ion of the date and difpofiuon of the heavens, 
at a certain point of time; containing the places of the 
planets and ftars, marked down in a Figure of 12 trian¬ 
gles, called houfes. This is alfo called a Horofcope, 
and Theme. 

Future, of an Eclipfe, in Aflronomy, denotes a rc- 
prefentation upon paper &c, of the path or orbit of the 
fun or moon, during the time of the eclipfc; with the 
different phafes, the digits eclipfed, and the beginning, 
middle, and end of darknefs, &c. 

Figure, or Delineation , of the full moon, fuch as, 
viewed through a tclcfcope with two convex glades, is 
of confiderable ufe in oblervations of eclipfes, and con- 
jun&ions of the moon with other luminaries. In this 
Figure are ufually reprefented the macuhe or fpots of 
the moon, marked by numbers; beginning with the 
fpots that ufually enter firft within the (hade at the time 
of the eclipfes, and alfo emerge the firft. 

Figure, in Conic Se&ions, according to Apollo¬ 
nius, is the re&angle contained under the latuo-rcdtum 
and the tranfverfe axis, in the ellipfe and hyperbola. 

Figure, in Fortification, is the plan of any forti¬ 
fied place; or the interior polygon, &c. When the 
fides, and the angles, are all equal, it is called a regu¬ 
lar Figure ; but when unequal, an irregular one. 

Figure, in Geomancy, is applied to the extremes of 
points, lines, or numbers, thrown or call at random: 
on the combinations or variations of which, the fages of 
thiR art found their divinations. 

Figure, in Geometry, denotes a furface or fpace 
inclofed on all fides; and is either fuperficial or folid ; 
fuperficia! when it is inclofed by lines, and folid when it 
is inclofed or bounded by furfaces. 

Figures are either ftraight, curved, or mixed, accord¬ 
ing as their bounds are ftraight, or curved, or both.— 
The exterior bounds of a Figure, are called its Tides ; 
the loweft fide, its bafe ; and the angular point oppo- 
fite the bafe, the vertex of the Figure; alfo its height, 
is the dittance of the vertex from the tiafe, or the per¬ 
pendicular let fall upon it from the vertex. 

For Figures, equal, equiangular, equilateral, cir- 
enmferibed, inscribed, plane, regular, irregular, fimi- 
lar, &c ; fee the refpeftive adjeftives. 

apparent Figure, in Optics, that Figure, or fliape, 
under which an objeft appears, when viewed at a dif- 
tance. This is often very different from the true fi¬ 
gure ; for a ftraight line viewed at a diftance may ap¬ 
pear but as a point; a furface as a line ; a folid as a 
furface ; and a crooked figure as a ftraight one. Alfo, 
each of thefc may appear of different magnitudes, and 
fome of them of different fliapes, according to their 
fttuation with regard to the eye. Thus an arch of a 
circle may appear a ftraight line ; a fquare or parallelo¬ 
gram, a trapezium, or even a triangle; a circle, an el- 
upfis; angular magnitudes, round ; a fphere, a circle; 
&c. 

Alfo any fmall light, as a candle, feen at a diftance 
in the dark, will appear magnified, and farther off than 
it realty is. Add to this, that when feveral objects are 
feen at a diftance, under angles that are fo fmall as to 
be infenfiblc, as well as each of the angles fubtended by 


any one of them, and that next to it; then alt thefe 
objefts appear not only as contiguous, but as confti- 
tuting and Teeming but one continued magnitude. 

Figure of the Sines , Cofincs , Ftrfed-fines, ‘Tangent*, 
or Secants , &Y, are Figures made by conceiving the 
circumference of a circle extended out in a right line, 
upon every point of which are ere&ed perpendicular 
ordinates equal to the Sines, Cofincs, &c, of the cor- 
refponding arcs; and then drawing the curve line 
through the extremity of all thefe ordinates ; which is 
then the Figure of the Sines, Cofincs, &c. 

It would teem that thefe Figures took their rife from 
the circumilance of the cxtcnlion of the meridian line by 
Edward Wright, who computed that line by collecting 
the fucceffivc fums of the fecants, which is the fame 
thing as the area of the Figure of the fccants, this 
being made up of all the ordinates, or fecants, by the 
coulti action of the Figure. And in imitation of this, 
the Figures of the other lines have been invented. 15 y 
means of the Figure of the fecants, James Gregory 
flicwcd how the logarithmic tangents may he con- 
ftrufted, in his Exercitationes Geometric*, 410, 1668. 

Cotflruction of the Figures of Sines, Cofines, Ifc. 

Lot ADR See (fig. 1) be the circle, AD an are, DE 
its line, CF its cofine, AE the verfed line, AF the 
tangent, (»H the cotangent, CF the fecant, and CH 
the cofccnnt. Draw a right line aa equal to the whole 
circumference ADGBA of the circle, upon which lay' 
off alfo the lengths of feveral arcs, as the arcs at every 
jo°, from o at a, to 360° at the other end at a ; upon 
thefe points raife perpeudicular ordinates, upwards or 
downwards, according as the fine, cofine, &c, is affir¬ 
mative or negative in that part of the circle ; laftly, 
upon thefe ordinates fet off the length of the fines, co¬ 
fines, &e, correfponding to the arcs at thofc points of 
the line or circumference aa, drawing a curve line 
through the extremities of all thefe ordinates ; which 
will be the Figure of the fines, cofines, verfedfines, tan¬ 
gents, cotangents, fecants, and cofeeants, as in the an¬ 
nexed Figures. Where it may be obferved, that the 
following curves are the fame, vi/., thofc of the fines 
and cofincs, thofc of the tangents and cotangents, and 
thofc of the fecants and cofeeants ; only Torn* of their 
parts a little differently placed. 


Fig. 1. Sines. 
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Cofines. Verfedfines. 



Tangents. 
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Tangent*. Cotangent*. 



»• I* the Figure of Strut. —Here * as ad, and » sa 
the ordinate ; and the equation of the curve, as 

,a 

■bove t is i as -"T. : , 1 . Hence the fluxion of the 

•/r' - r* 

area, or sx is ■ ,I^L _ •• i the conreft fluent of whichis 

_V'r* - 

r* qp r \/ r 1 — j* — r* — rc = rv thereftangleof ra¬ 
dius and yerf. i. c. — or + as t is increafmg or decreaf- 
ing ; which is a general exprefiion for the area ade in 
the Figure of fines. When s = o, as at a or b, this 
expreffion becomes o or 2r*; that is o at a, and zr x 
— the area neb; or r* = the area of afg when ad be¬ 
comes a quadrant af. 

2. In the Figure of Coftnes .—Here x zz ad and 
c =s de i and the equation of the curve is 

z- Hence the fluxion of the area is 

v r 2 — 


It may be known when any of thefc lines, viz, the 
fines, coiines, &c, are affirmative or negative, i. e. to 
be fet upwards or downwards, by obferving the fol¬ 
lowing general rules forthofc lines in the lit, 2d, 3d, 
and 4th quadrants of the circle. 

The fines in the lit and 2d arc affirmative, 

in the 3d and 4th negative: 

The cofiucs in the 1 it and 4th are affirmative, 
in the 2d and 3d negative : 

The tangents in the ill and 3d are affirmative, 
in the 2d and 4th negative: 

The cotangents in the ill and 3d are affirmative, 
in the 2d and 4th negative : 

The fecants in the ill and 4th arc affirmative, 
in the 2d and 3d negative : 

The cofecants in the ift and 2d are affirmative, 
in the 3d and 4th negative: 

And all the verfedlines are affirmative. 

Tofind the Equation and Area , life, to each oftheft Curves. 

Draw any ordinate de ; putting r = the radius AC 
of the given circle, x = ad or AD any abfeifs or arc, 
and y = de its ordinate, which will be either the fine 
DE = s, cofinc CE — c, verfedfine AE = v, tan¬ 
gent AF =r t, cotangent GH = t, fecant CF = f> or 
eofecant CI 1 = c, according to the nature of the par¬ 
ticular conllrudfion. Now, from the nature of the 
circle, arc obtained thefc following general equations, 
expreffinp the relations between the fluxions of a circu¬ 
lar arc and its fine, or cofinc, &c. 

• • • • 

. rs _ — rc _ rv _ »•*/ 

•V^r* — s l a/ r 1 — c % ^ 2 rv — »* +/• 

___ —r*r _ r'f _ —rV 

- 7* + t 3 "7v> - 7 

And tliefe alfo exprefs the relation between the abfeifs 
and ordinate of the curves in quell ion, each in the or¬ 
der in which it hands ; where x is the common abfeifs to 
all of them, and the refpc&ivc ordinates are s, c, v, /, 
n,f, and cr. And hence the area &c, of any of thefc 
curves may be found, as follows : 


cx = . ■ —; and the fluent of this is rJr 2 — c % 

Vr 1 — C* 

= rs, the red!angle of radius and fine, for the gene¬ 
ral area adec. When s —r, or e = o, this becomes r 2 rr 
the area afe, whofe abfeifs af is equal to a quadrant of 
the circumference ; the fame as in the Figure of the 
fines, upon an equal abfeifs. 

3. In the Figure of Verfedfnes. —Here x — ad, and 
v = de s and the equation of the curve is 


rv 

x = , .. =r= . Hence the fluxion of the area is 

V2 rv — vv 


rvv 


VX : 


'tfv 


V irv — 


•S 2 r — V 


; and the fluent of 


this is rx — rs =■ r X AD — DE for the area ade in 
the Figure of verfed fines. When AD or ad is a qua- 

drant AG or af, this becomes -- r 2 — r* = the 

2 

area afg. And when AD or ad is a femicircle al, it 
becomes 3 • 14 i6r* = the area abg in the Figure of verfed- 
fincs. 

4. In the Figure of Tangents. —Here x = ad, and 
t = de; and the equation of the curve is x — • t 


Hence the fluxion of the area is tx =. 


r'tt 


+ /• 


: and 


the corrett fluent of this is X hvp. log. of 


+ /■ 


= r* X hyp. log. of 


vV + /* 


= r* X hyp. log. 


r 

of J ~. And hence the Figure of the tangents may be 
r 

ufed for conflrufting the logarithmic fecants ; a pro¬ 
perty that was remarked by Gregory at the end of his 
Excrcit. Gcomet. 

When ad becomes a quadrant af, t being then infi¬ 
nite, this becomes infinite for the area afg. And the 
fame for the Figure of cotangents, beginning at f in- 
ftcad of a. 

5. For 


1 
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j. For lie Fiisuxs of the Secants .—-Herf x sss eel, and 

r'f 


f—de; and the equation of the curve «■*■== 


J ^S 1 ~ ' 


Hence the fluxion of the area is J* 


;_ y_ 


■ nil 1 

/+ v p - 


the 


fluent of which is r* x hyp. log. of 

* f 

for the general area nde. Ami when ad becomes the 
quadrant af, this expreflion becomes infinite for the 
area afg. 

The fame proeefs will ferve for the Figure of cofe- 
cants, beginning at /'inilcad of a. 

From hence the meridional parts in Mercator’s chart 
may be calculated for any latitude AD or ad ; For the 
maid, parts : ate to the arc of latitude AD : : as the 
fum of the fecants : to the fum of as many radii or : : 
as the area adc : to ad X radius or or AD X AC in 
the firft figure. 

FIU.ET, in Architecture, any little fquarc mem¬ 
ber or ornament ufed in crowning a larger moulding. 

FlNJSt T S (Orontius), in French Fine , 'profeftbr 
of mathematics in the Royal-college of Paris, was the 
fun of a phyfician, and was bom at Briam;on in Dau- 
phinc in 1494. He went young to Paris, where his 
friends procured him a place in the college of Navarre. 
He applied liimfclf there to pliilofophy and polite lite- 
rdture ; but more efpeeially to mathematics, in which, 
having a natural propcnfity,he made a confiderable profi¬ 
ciency. Particularly' he made a good progrefs in mecha¬ 
nics; in which, having both a genius to invent intlru- 
nienls, and a Jkilful hand to make them, he gained 
much reputation by the fpccirnens he gave of his inge¬ 
nuity'. 

Finn - us firft madr himfelf publicly known by corredl- 
ing and publifliing Siliceus’s Arithmetic , and the Mar¬ 
garita Pl'thifnphica. He afterwards read private lec¬ 
tures in mathematics, and then taught that feieucepub¬ 
licly in the college of Gervais : from the reputation of 
which, he was rccoinmemhd to Fianeis the ill, as the 

J nopercft perfon to teach mathematics in the new eo!- 
ege which that prince had founded at Paris. And 
here, though he fp::\il no pains to improve his pupils, 
he yet found lime to publifh a great many books upon 
moft parts of tin m». hematics. But neither Ids genius, 
his labours, his inventions, and tiie efteem which mim- 
berlef:. pa fom- flu-wed him, could iecure him from that, 
fate which ioi'ften befall' *neu of letters. Fie was ob¬ 
liged to ft niggle all his -ife time with poverty ; arid 
when he died, left, a numerous family* deeply* in debt, 
llowcvet, as meat muff alway*R he c*.Ueined in fecret, 
though it feldom ha., the luck to he rewarded oprnlv ; 
fo Finams’s children f mild .\F /vp-.irs, who for their 
father’s Jake af filled his lanlily.—Fie died in 15 y c, at 
61 yens of age. 

Dike all other mathematicians and aflronomers of 
thofe times, he was greatly addicted to aftrology ; and 
had the misfortune to he a long time impriloned for 
having predicted fopie tilings, that were not acceptable 
to the court of France. He was alfo one of thofe, who 
vainly* boafted of having found out the quadrature of 
the circle. An edition of his works, tranllatcd into the 


Italian language, xi as publiftied in 4tt»,-*rVfcnice, 1587^ 
confiding of Arithmetic, Practical Geometry, Cofmo- 
graphy, Aftrouomy, and Dialling. 

FINITE, the property of any thing that is bound¬ 
ed or limited, either in its power, or extent, or duration, 
&c ; as diftinguilhed from the property of infinite, or 
without hounds. 

FIN 1 TOR, the horizon ; being fo called, becaufe 
it llniflies or bounds the fight or profpedt. 

FIRE, is that fubtile invilible caufeby which bodies 
are made hot to the touch, and expanded or enlarged in 
hulk ; by which fluids arc rarefied into vapour ; or fo¬ 
il'd bodies become fluid, and at lail either diffipated and 
carried off in vapour, or elfe melted into glafs. It feems 
alfo to be the chief agent in nature on which animal and 
vegetable life have an immediate dependence. 

^Flu: difpntes concerning fire, which long exifted 
among pliilofophers, have now in a great meaf ure i'ub- 
iided. Thofe celebrated pliilofoplurs of the laft cen¬ 
tury, Bacon, Boyle, and Newton, were of opinion, that 
Fire was not a fubftance diftinct from other bodies, but 
that it entirely confiltcd in the violent motion of .the 
parts of any body, which was produced by the mecha¬ 
nical force of impulfion, or of attrition. So Boyle 
fays, when apiece of iron becomes hot by* hammering, 
“ there is nothing to make it fo, except the forcible 
motion of the hammer imprefling a vehement and va- 
rioufly determined agitation on the fmall parts of the 
iron.” And Bacon defines heat, which he makes fyn- 
onymous with Fire, an “ expanfire undulatory motion 
in the minute particles of a body, whereby they tend 
with fomc rapidity from a centre towards a circninfer. 
ence, and at the fame time a little upwards.” And ac¬ 
cording to Newton, Fire is a body* heated fo hot as to 
emit light copioufly ; for what elfe, fay*s he, is red-hot 
iron, but Fire ? and what clfc is a fiery coal than red- 
hod wood ? by which lu^fuggelts, that bodies which arc 
not Fire, may* be changed and converted into it. 

On the other hand, the clicmifts ftrenuoufly contend¬ 
ed that Fire w as a fluid of .1 certain kind, diftinCt from 
all others, and univerfally prefent throughout the whole 
globe. Boerhaave particularly maintained this doctrine ; 
and in funport of it brought this argument, that flint and 
flee! would ftrike fire, and produce the fame degree of 
heat in Nova Et-mhla as they would do under the equa¬ 
tor. Other arguments were drawn from the increafed 
weight of metallic calces, which they thought proceed¬ 
ed from the filing of the element of Fire in the fub- 
II mice v.hofe weight was thus increafed. Fora long 
time however, the matter was moft violently difputcd ; 
but the mechanical pliilofophers at laft prevailed through 
the deference paid to the principles of Newton, though 
lie himlelf had fcareely taken any* adtive part in the 
couteft. 

The experiments of Dr. Black however feemed to 
bring the difpute to a dteilion, and that in favour of 
the chemilts, concerning what he called latent-heat. 
From thefe difeoveries it appears, that Fire may exift 
in bodies in fuch a manner, as not to difeover itfelf in 
any other way than by its n&ton on the minute parts of 
the body ; but thatfuddenly this adtion may be changed 
in fuch a manner, as no longer to be direfted upon the 
particles of the body itfelf, but upon external objedts ; 
in which cafe we then perceive its adlion by our fenfe of 

feeling. 
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-feeling, or difcover it by the thermometetv and call it 
htat, or fenfible Fire, 

From this difcovery, and others in eleftricity, it is 
now pretty generally allowed, that Fire is a diftinft fluid, 
capable of being transferred from one body to another. 
But when this was difcovered, another queftion no lefs 
perplexing arofe, viz, what kind of a fluid it was ; or 
whether it bears any analogy to thofe with which we arc 
belter acquainted. Now there are found two fluids, viz, 
theTolar light, and the eleftric matter, both of which oc- 
coflonaily aft as Tire, and which therefore feem likely to 
be all the fame at the bottom ; and popularly the mat¬ 
ter has been long finee determined 5 the folar rays and 
the eledlric fluid having been indifferently accounted ele¬ 
mentary Fire. Some indeed have imagined both thefc 
fluids to be mere phlogillon itl'elf, or at leall containing 
a large portion of it ; and Mr. Scheele went fo far in 
this w ay a$ to form an hypothdis, which he endea¬ 
voured to fupjiort by experiments, that Fire is com- 
pofed of phlogilton and dephlogifticated air. But it is 
now i'.fcojtained beyond doubt, that the refult of fuch a 
combination is not Fire, but fixed air. 

It was long finee obferved by Newton, that heat was 
certainly conveyed by a medium more fuhtile than the 
common air; for two thermometers, one included in 
the vacuum of an air-pump, the other placed in the 
open air, at an equal diitaucc from the Arc, would 
grow equally hot in nearly the fame time. This and 
other experiments Ihew, that Fire exifts and afts where 
there is no other matter, and of confequence it is a fluid 
per fe, independent of every terreftrial fubllancc, with¬ 
out being generated or compounded of any thing we 
are yet acquainted with. To determine the nature of 
the fluid, we have only to confidcr whether any other 
can be difcovered which will pafs through the perfect 
vacuum jutt mentioned, and aft there as Fire. Such a 
fluid is found in the folar light, which is well known 
to aft even in vacuo as the moll violent Fire. The 
folar light will likewife aft in the very fame manner 
in the moft inteufe cold; for M. de Sauffure lias 
found, that on the cold mountain top the fun-beams 
arc equally powerful as on the plain below, if not 
more fo. It appears therefore, that the folar light 
will produce heat independent of any other Jub¬ 
ilance whatever; that is, where no other body is pre- 
fent, at leait as far as we can judge, except the light 
it fell, and the body to be afted upon. We cannot 
therefore avoid concluding, that a certain modification 
of the folar light is the caufe of heat, expanfion, va¬ 
pour, &c, and anfwcrs to the reft of the charafters 
given in lire foregoing definition of ‘Fire, and that in¬ 
dependent of any other fubftance whatever. 

It is very' probable too, that the eleftric matter is 
no other than the folar light abforbed by the earth, 
and thus becoming fubjeft to new laws, and affuming 
many properties apparently different from what it lias 
when it afts as light. F.ven in this cafe it manifefts its 
identity with Fire or light, viz, by producing a moft in¬ 
tense heat where a large quantity of -it paffes through a 
fmall fpace. So that at any rate, the experiments 
which have already been made, and the proofs drawn 
from the phenomena of nature, (hew fuch a ftrong affi¬ 
nity between the elements of Fire, light and cleftricity, 
that we may not only affert their ideutity upon the 
. You. L 


moft probable grounds, but lay it down as a pofitioa 
againft which at prefent no argument of any weight 
has an exillenee. 

FiRK-y^rrew, is a fmall iron dart, furnilhed with 
jprings and bars, and alfo a match impregnated with 
fulphur and powder, which is wound about its lhaft. 
It is chiefly ufed by privateers and pirates to fire the 
fails of the t nt my’s (hip, and for this purpofe it is dif- 
charged from a nuifkctoon, or a fwivd gun. The match 
being kindled by the cxplofion, it communicates the 
flame to the fail again If which il is dtrrfted, where the 
arrow fallens it felt by means 6( its bars and fprings. 
This weapon is peculiar to hot climates, particularly 
the Weft I iiduj; the fails being very dry, are quickly 
fet on Fire, and the Fire is fouu conveyed to the 
mails, rigging, and finally to the vdfel itl'elf. 

F1 k Y'.-Jialhy in Artillery, arc certain balls compofetl of 
comhullible matters, fuch as fine or mealed powder, 
iulphur, faltpclre, rulin, pitch, &c. Thefc are thrown 
into the enemy's works in the night time, to difcover 
where they are 5 or tv; let Fire to hpufes, galleries, or 
blinds of the befiegers, Stc. They are fometimes armed 
with (pikes or hooks of iron, that they may not roll 
off, but (lick or hang where they are to take effeft. 

FiRK-/>Vi//r, or / iery-Meteors , in Meteorology,' a 
kind of luminous bodies ufually appearing at a great 
height above the earth, with a fplendor furpafling that 
of the moon, and fometimes apparently as large. They 
have not been found to obferve any regular courfe or 
motion, but, on the contrary, moving in all direftions, 
and with veiy different degrees of celerity ; frequently 
breaking into lcvcral finailer ones ; fometimes making 
a ftrong hilling found, fometimes burlling or vauiihing 
with a loud report, and fometimes not. 

Thefc luminous appearances doubtlefs conftitute one 
part of the ancient prodigies, blazing liars, or comets, 
which laft they fometimes refemblc in being attended 
with a train ; but more often they appear rouad. The 
firll of theft- of which we have any accurate account, 
was obferved by Dr. Halley, and fume other phdofo- 
phers at different places, in the year 1719, the height of 
which above the furface of the earth was computed at 
more than 70 miles. Many others have been pretty 
accurately obferved fince that time, and deferibed by 
philofophcrs, ns in the French Memoirs, and in the 
Philof. Tranf. vols. 30, 41, 42, 43, 46, 47,48,51, 
53, 54, 63, 74, &e. The velocities, direftions, ap¬ 
pearances, and heights of all thefe were found to be 
veiy various; though the height of all of them was fup- 
pofed above the limits afligned to our atmofpherc, or 
where it lofes its refraftive power. The moft re¬ 
markable of thofe on record, appeared on the 18th of 
Auguil 1783, about 9 o’clock in the evening. It was 
Teen to the northward of Shetland, and took a fouth- 
esiilerly direction for an immenfe fpace, being obferved 
as far as the fouthern provinces of France, and by fome 
It was faid to have been feen at Rome, palling over a 
fpace of 1000 miles in about half a minute of time, 
and at a very great height. During its courfe it ap¬ 
peared fcveral times to change its (nape 5 fometimes 
appearing in the form of one ball, fometimes of two 
or more ; fometimes with a train, and fometimes with¬ 
out one. 

There are divers opinions concerning the nature and 
3 P origin 
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Origin of thefe Fire-balls. The firll thing that occur¬ 
red to philofophers on this fubjedl was, that the me¬ 
teors in queition were burning bodies riling from the 
furface of the earth, and flying through the atmo- 
fphere with great rapidity. Rut this hypothesis was 
foon rcje&ed, on conltdering tliat there was no 
power known bv which fucli bodies could either he 
railed to a fufficient height, or projected with the ve¬ 
locity of the meteors. The next hypothecs was, that, 
inilead of one Angle body, they eonlifl of a train of 
fulphureous vapours, extending a vail way through the 
atmofphere, and being kindled at one end, difpley the 
luminous appearances in qucflion by the fire running 
from one end of the train to the other. But it is 
toot eafy to conceive how fuch matters can cxill and 
be difpofed in fuch lines in fa mre u part of the atmo¬ 
fphere, and even to bum there, in an nhnolt perfect 
vacuum. For which rcafon this hypothefis was aban¬ 
doned, for another, which was, that thole meteors are 
permanent folid bodies, not riling from the earth, hut 
revolving round it in very exccntrie orbits, and thus 
in their perigeon moving with vafl. rapidity. But as 
the various appearances of one and the fame meteor, 
to obferver# at different places, are not compatible with 
the idea of a fingle body fo revolving, this hypothefis 
ha* tdfo been given up in its turn. Another hypo¬ 
thefis that has lometimcs been advanced is this; viz, 
that thefe meteors are a kind of bodies that lake lire 
as foon at they come within the atmofpluve of the 
earth. But this cannot be fuppofed without implying; a 
■previousknowledge of thefe bodies, which it is impoflible 
we can have. The only opportunity we can have of fee¬ 
ing them, k when they are on fire. lkforcth.it time they 
are in an invifible and unknown Hate; and it in finely 
Improper to argue concerning them in this ftate, or 
pretend to determine any one of their, properties, when 
*t is not in our power at all to fee or inveftigatc them. 
As thefe meteors therefore never manifclt themfilves 
to our fenfes but when they are on fire, the only ra¬ 
tional conclufion we can draw from thence is, that they 
have no exiftence in any other ftate ; and conlequently 
that their fubftnnee mnft be compofed of that fluid 
which, when a (fling after a certain manner, becomes 
luminous and fhews itfclf as fire; remaining invifible 
and eluding our refcarches in every other cafe. On this 
hypotheGs, it is now pretty generally concluded, that 
the Fire-balls are great bodies of elcftric matter, mov¬ 
ing from one part of the heavens where, to our con¬ 
ception, it is fuperabundant, to another where it is de¬ 
ficient : a conclufion attended with much probability, 
from the analogy ©bferved between clcflricity and the 
phenomena of thefe meteors: and hence thefe Fire¬ 
balls appear to be of the fame family with fhooting- 
ftara, lightning, the aurora-borealis, &c, being all refer¬ 
red to the fame origin, viz, the elc&ricity of the atmo¬ 
fphere. * 

Fiv.K-Eitghte, is a machine for extinguiflung acci¬ 
dental Fires by means of a ftream or jet of water. The 
common fquirtiag fire-engine confifts of a lifting pump 
placed in a veffel of water, and wrought by two levers 
that a£l always together. During the fl rokc, the wa¬ 
ter railed by the piflon of the pump fpouts forcibly 
through a pipe joined to the pump-barrel, and made ca¬ 
pable of a ay degree of elevation by means of a yield¬ 


ing leather pipe, or by a ball and focket turning every 
way, ferewed on the top of the pump. The veffel 
containing the water is covered with a ilrainer, to pre¬ 
vent the mud, &e, which is poured into it with the 
water, from choking the pump-work. Between the 
ilrokes of this engine the ftream is difeontinued, for 
want of an air veffel. However, in fome cafes. En¬ 
gines of this conllruftxou have their ufc, becaufc the 
it ream, though interrupted, is much fmartir than when 
the engine is made to throw water in a continued 
ftream. See thefe Engines particularly deferibed in Def- 
aguliers’s Exper. Pliilof. voi. 2, pa. 505 ; or Mar¬ 
tin’s Philof. Britan, vol. 2, pa. 69. See alfo the figure 
of them, plate viii. fig. 3. 

FiKF.-i.'ni'Me, is alio fometimes ufed for the machine 
employed in railing water by fteam, and more properly 
called Steam -Engine ; which fee. 

Firf.-Z.oc/-, or Fuji!, a i’niall gun or muiket, which 
fires with a flint and lleel; as diftiixguifhcd from the old 
mufket, or match-lock, which was fired with a match. 
The Fire-lock is nowin common ufc with the European 
armies, and carried by the foot-foldiers. It is ufually 
about 3 feet 8 inches in the barrel; and, including the 
fiock, 4 feet 8 inches, carrying a leaden bullet, of which 
29 make 2lb. The diameter of the ball is *55, and that 
of the barrel '5 ft parts of an inch. The time of the in¬ 
vention of Fire-locks is uncertain ; but they were ufed 
in 1690. 

Fini: -Flaw, are contrivances for communicating heat 
to rooms, and alfo for aufwering various purpofes of art 
and manufacture. 

The general properties of air and fire, on which 
their conftruftion chiefly depends, are the following, 
mV, that air is rarefied by heat, and condctifcd by cold; 
i. e. the fame quantity of air takes up more fpace when 
warm than when cold. Air rarefied and expanded by 
heat, is fpccifieally lighter than it was before, and will 
rife in other air of greater denfitv: fo that a lire being 
made in any chimney, the air about and over the lire 
is rarefied by the heat, thence becomes lighter, and 
fo rifes in the funnel, and goes out at the top of the 
chimney : the other air in the room, flowing towards 
the chimney, fupplies its place, is then rarefied in its 
turn, and rifes likewife ; and the place of the air thus 
carried out of the room, is fupplied by frefix air coming 
in through doors and windows, or, if they be fliut, 
through every crevice with violence ; or if the avenues 
to the room be fo elofed up, that little or no frefix fup- 
ply of air can be obtained, the current up the funnel 
muft flag ; and the fmoke, no longer driven up, float 
about in the room. 

Upon thefe piinciples, various contrivances and 
kinds of Fire-grates and ftoves have been deviled, from 
the old very open and wide chimney places, down to 
the prefent modifix ones, which are much narrowed 
in the front, opeixing, by fide and back jambs, and a 
low bxcafl or mantle, befidcs the convenience of a flap, 
called a regiftcr, that covers the top of the Firc-ftove, 
but opening to any degree with a fxnnll winch, which 
lifts the hack part Hoping upwards, and fo throws the 
fmoke freely up the funnel, and yet admitting as little 
air to pafs as you pleofe; by which Ample means the 
warm air is ‘ 
narrow and 


Kept very muctx xn tne room, wmic tne very 
Hoping orifice promotes the brifk afeent of 
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tlte fmoke, and yet prevents its return dawn again, for 
the fame rcalon. 

Another very ingenious, but more complex, appara¬ 
tus, called the Pcnfylvania Fire-place, was invented by 
Dr. Franklin, by which a room is kept very warm 
by a confia.it fupply of frelh hot air, that pafles into 
it through the Hove itfilf. See the defeription in liis 
Letters and Papers on 1 ‘hilofophical Subjects. 

FiRE-Ptrf, in the Mililaiy Art, is a fmall earthed 
pot, into which is put a grenade, filled with fine pow¬ 
der till tlic grenade be covered ; the pot is then covered 
with a piece of parchment, and two pieces of match laid 
acrofs and lighted. This pot being thrown where it 
is defigned to do execution, breaks and fires the povv- 
der, and this again fires the powder in the grenade, 
which ought to have no fuze, that its operation tnay 
be the quicker, 

Rrfi'rt, or Riinant Firf, is a fire from the artillery 
and fmall arms, directed parallel to the horizon, or to 
thofc parts of the works of a place that tire defended. 

Running 1 ' iki , is when ranks of men fire one after 
another; or when the lines of an army tire drawn out 
to lire on account of a vidtorv ; in which cife each 
fquadrer. or battalion taker the lire from that on its 
right, from the right of the fill! line to the left, and 
from the left to the right of the fecond line, &c. 

Fi r r- Slips, in the Navy, are vefTMs charged with 
combultible niateiials or artificial Fire-works; which 
having the wind of an enemy’s fliip, grapple her, and 
let her on fire. 

Anderfon, in his Iliflory of Commerce, vol. I, pa. 
432, aferibes the invention to the Englifh, in this in- 
flanoe, viz, lbme veffels being filled with combuftible 
matter, and lent among the Spauifh flops compoling 
the Invincible Armada in 1988; and hence arofc it is 
faid the terrible invention of Fire-fliips. • 

But Livy informs us, that the Rhodians had invent¬ 
ed a kind of Fire-fiiips, which were ufed in jun&ion 
with the Roman fleet in then engagement with the 
Syrians, in the year 190 before Chuff: cauldrons of 
combuftible and burning materials were hung out at 
their prows, fo that none of the enemies’ (hips dutll ap¬ 
proach them: for thefe fell on the enemies’ gallies, it:ruck 
their beaks into them, and at the fame time fet them on 
fire. Livy, lib. 37, cap. 30. 

Wild-Y irk, is a kind of artificial or factitious fire, 
that burns even under water, and that with greater vio¬ 
lence than out of it. It is compofed of fulphur, naphtha, 
pitch, gum, and bitumen, and it is only cxtinguilhable 
by vinegar, mixed with fand and urine, or by covering 
it with raw hides. Tt is fin'd its motion is contrary 
to that of natural fire, always following the diredtion in 
which it is thrown, whether it be dovvnw^ds, fideways, 
or otherwife. 

The French call it Greek Fire, or Feu Gregeois, 
because firll ufed by the Greeks about the year f>6o, 
os is obferved by tlie Jefuit Petavius, on the authority 
of Nicetas, Thcophnncs, Cedremis, &c. The inventor, 
according to the fame author, was an engineer of He¬ 
liopolis, m Svria, named Callinicus, who firfl applied it 
in the fea-fight commanded by Conffantine Pogonates, 
againll the Saracens, near Cyzicus, in the Hcllefpont; 
and with fuch effedl, that he burnt the whole fleet, 
which contained 30,000 inc*.- But others refer it to 


a much older date, and aferibe the invention to Mareu* 
Gracchus; an opinion which is fupported by fevcral 
pafl'ages, both in the Greek and Roman writers ; which 
fhew that it was anciently ufed by both thefe nations in 
their wars. See Scaliger againll Cardan. 

The fuccdfors of Conlfantine ufed it on feveral oc- 
cafions, with great advantage : and it is remarkable that 
they were able to keep the fccret of the compofition to 
themfelves ; fo that 110 other nation knew it in the year 
960. 

It is recorded by Cliorier, in his Hift. de Dauph. that 
Hugh, king of Burgundy, demanding fhips of the em¬ 
peror Leo for the fiege of Frefnc, defired alfo the 
Greek Fire. 

And F. Daniel givesagooddeferiptionof the Greek 
Fire, in his account of the fiege of Damictta, under St. 
J .otiis. Every body, favs he, was aitoniilied with the 
Greek Fire, which the Turks then prepared ; and the 
fccret of which is now loft. They threw it out of a kind 
of mortar, and foinctimes ihot it with an, odd fort of 
crofs-bovv, which was ilrongly benc by means of a handle, 
or winch, of much greater force than the bare arm. 
That which was thrown from the mortar fometimes ap¬ 
peared in the air of the lize of a tun, with a long tail, 
and a noife like that of thunder. The French, bv de¬ 
grees, got the feeret of cxtinguiihing it; in which they 
lucceeded fevcral times. 

After all, j»erha;>8 the invention of the Wild-Fire is 
to be aferibed to other nations, and to a Hill older 
date, and that it was the fame as that ufed among the 
Indians in Alexander’s invalion, when it was faid they 
fought with thunder and lightning, or fhot Fire with 
a terrible noife. 

Fir r.-IYorh, otherwife called Pyrotecbnia, are arti¬ 
ficial Fires, or preparations made of gunpowder, fulphur, 
and other inflammable and coinbuftiblc ingredients, ufed 
on oceafion of public rejoicings, and other folemnities. 
The principal of thefe are rockets, ferpents, liars, hail, 
mines, bombs, garlands, letters, and other devices. 

The invention of Fire-works is attributed, by M. 
Mahmlcl, to the Florentines and people of Sienna; who 
found out likewife the method of adding to them de¬ 
corations of itatucs, with fire ifluing from their eyes and 
mouths. 

FIRKIN, an Englifh meafure of capacity; behyf 
the 4th part of a barrel; and containing 8 gallons of ale, 
foap, butter, or licrriugs ; or 9 gallons of beer. 

FIRLOT, a dry meafure ufed in Scotland. The 
oat-firlot contains 211 pints of that country, or about 
fij Englfili pints; and the barlev-firlot, 31 ftandard 
pints. The wheat firlot contains about 2211 cubic, 
inches; ami therefore exceeds the Englifii bufliel by 60 
cubic inches, or nlmoll an Englifh quart. 

FIRMAMENT, by lome old altronomers, is the 
orb of the fixed liars, or the highell of all the heavens. 
But in feriptims and common language it is ufed for 
the middle regions, or the fpace or expanfe appearing 
like an nreh quite around or above us in the heavens. 
Many ancients and moderns alfo accounted the Firma¬ 
ment a fluid matter; but thofc who gave it the name 
of Firmament mnft have taken it for a folid one. 

FIRMNESS, is the confidence ol a body; or that 
ftate when its fenfible parts cohere, or are united to. 
gether, fq that the motion of one part induces a mo- 
3 P 2 tiqn 
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fton of the reft. In which fenfe finmcfii Hands oppo- 
fed to fluidity. 

The firmnefs of bodies then depends on the connexion 
or cohe^on of their particles ; and the caufe of cohefion 
the Newtonians hold to be an attraftive force, inherent 
in bodies, which binds their finall particles together; 
exerting itfclf only at the points of contaft, or extreme¬ 
ly near them, and vanifliing at greater dillances. 

FIRST Mover, in the old Aftronomy, is the Pri- 
mum Mobile, or that which gives motion to the other 
parts of the univerfe. 

FISSURES, in the Hiftory of the Earth, are cer¬ 
tain interruptions, moilly parallel to each other, that di¬ 
vide or feparate the llrata of it from one another, in 
nearly horizontal directions; and the parts of the lame 
ftratum in nearly vertical directions. 

FIXED Line of Defence , a line drawn along the 
face of the baftion, and terminating in the curtain. 

Fixed Signs of the Zodiac, according to fume, arc the 
four figns Taurus, Leo, Scorpio, Aquarius. They 
are fo called becaufe the fun palfcs them refpeftively 
in the middle of each quarter, when that feafon is more 
fettled and Fixed titan under the iigus which begin 
and end it. 

Fixed Stare, arc fuch as conftantly retain the fame 
pofltion and diilance with refpeft to each other; by 
which they are contradiftinguifttcd from erratic or wan¬ 
dering ftars, which are continually varying their fitua- 
tion and diilance.—The Fixed Stars only are properly 
and abfolutely called liars ; the reft having their pecu¬ 
liar denomination of planet or comet. 

FIXITY, or Fixedness, the quality of a body 
which determines it fixed; ora property which enables 
it to endure the fire and other violent agents. 

A body may be faid to be fixed in two refpefts : I ft, 
When on being expofed to the lire, or a corrofive mcn- 
ftruum, its particles arc indeed feparated, and the body 
rendered fluid, but without being refolved into its firil 
elements. The ad, when the body fuilains the aitive 
force of the fire or menftruums whillt its integral parts 
are not carried off in fumes. Each kind of Fixity is 
the refult of a ftrong or intimate cohciiou between the 
particles. 

FLAME, the fubtleil and brighteft part of the fuel, 
afeending above it in a pyramidal or conical figure, and 
heated red-hot. Sir ll'aac Newton defines Flame as 
only red-hot ftnoke, or the vapour of any fubftancc 
railed from it by fire, and heated to fuel, a degree as 
to emit light copioufly. Is not Flame, fays lie, a va¬ 
pour, fume, or exhalation, heated red-hot; that is, fo 
hot as to fhine ? For bodies do not Flame without 
emitting a copious fume; and this fume bums in the 
Flame. The ignis fatuus is a vapour Ihiuing without 
heat; and is there not the fame difference between this 
vapour and Flame, as between rotten wood Alining with¬ 
out heat, and burning coals of fire ? In diftilling hot 
fpirits, if the head of the Hill be taken o(f, the vapour 
which afeends will take fire at the Flame of a candle, 
and turn into Flame. Some bodies, heated by motion 
or fermentation, if the heat grow intenfe, fume copi¬ 
oufly ; and if the heat be great enough, the fumes will 
lhine, -and become Flame. Metals in fufion do not 
Flame, for want of a copious fume. All flaming bo¬ 
dies, as oil, tallow, wax, wood, fulfil coal, pitch, ful- 
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phur, See, by burning, wafte in ftnoke, which at fit# 
is lucid; but at a little diilance from the body ccafcs to 
be fo, and only continues hot. When the Flame is 
put out, the fmuke is thick, anil frequently fmclls 
ilrongly: but in the Flame it lofes its fmcll; and, ac¬ 
cording to the nature of the fuel, the Flame is of divers 
colours. That of fulphur and fpirit of wine is blue; 
that of copper opened with fublimaie, green ; that of 
tallow, yellow; of camphire, white; &c. Newton’s Op¬ 
tics, jp. 318 . 

F'LAMSTEED (John), an eminent Englifli aftro- 
nomtv, being indeed the firil allrunomer royal, for 
whofe ufe the royal obfervutory was built at Greenwich,. 
thence called Flamilecd Iioufc. He was born at Denby 
in Dcrbyfhire the lyth of Auguft 1646. He was edu¬ 
cated at the free fchool of Derby, where bis father 
lived ; and at 14 years of age was afflicted with a fevere 
illucfs, which rendered his coaftitution tender ever after, 
and prevented him then from going to the univerfity, for 
which he was intended. He nevcrthelefs profeeuted 
his fchool education with the btft effect ; and then, in 
1662, on quitting the grammar fchool, he porfuedthe 
natural bent of his genius, whieh led him to the ftudy 
of aftronomy, and ciofely perufed Sacrobofco’s book De 
Sphara, which fell in his way, and which laid the ground¬ 
work of all that mathematical and aftrononiical know¬ 
ledge, for which he became afterward fo jullly famous. 
He next procured other more modern books of the fame 
kind, and among them Streete’s jiflronomia Carolina, 
then lately pubbihed, from which he learned to calcu¬ 
late ecliples and the planets’ places. Some of thefe 
being ihewn to a Mr. Haltou, a conliderable mathema¬ 
tician, he lent him Riccioli’s jUmagrjlum Norum, and 
Kepler’s Tabula Rutlulplnna, which he profited much by. 
In 166y, having calculated fome remarkable ecliples 
of the moon, he fent them to lord Brounckcr, prefi- 
dent of the Royal Society, which were greatly approv¬ 
ed by that learned body, and procured him a letter of 
thanks from Mr. Oldenburg their fccretary, and another 
from Mr. John Collins, with whom, and other learned 
men, Mr. Flamileed for a long time afterwards kept 
up a correfpondcnce by letters on literary fubjefts. In 
1670, his father, obferving he held correfpondcnce with 
thefe ingenious gentlemen, advifed him to take a jour¬ 
ney to London, to make himfclf perfonally acquainted 
with them; an offer which he gladly embraced, and 
viJitcd Mr. Oldenburg and Mr. Coliins, who introduced 
him to Sir Jonas Moore, which proved the meaus of 
his greatefl honour and preferment. He here got the 
knowledge and practice of aftrononiical iuftruments, as 
telcfcopcs, micrometers, &c. On his return, lie called 
at Cambridge, and vifited Dr. Barrow, Mr. ifaac New¬ 
ton, and other learned men there, and entered himfelf 
a lludent of Jefus College. In 1672 he ext rafted fevt- 
ral obfervations from Mr. Gafcoigne’s and Mr. Crab¬ 
tree’s letters, which improved him greatly in dioptrics. 
In this year he made many celeilial obfervations, which, 
with calculations of appulfes of the moon and planets to 
fixed ftars for the year following, he fent to Mr. Oldeift 
burg, who publifhed them in the Philof. Trauf. 

In 1673, Mr. Flamileed wrote a fmall trail concern¬ 
ing the true diameters of all the planets, when at their 

E eateft and leaft diftances from the earth; which he 
it to Mr. Newton in 1685, who made foiqc ufe of 
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h in the 4th book of his Principia.—-In 1674 he wrote 
an ephemeris, to (hew the faliity of A Urology, and the 
.ignorance of thofe who pretended to it: with cal¬ 
culations of the moon’s niing -and fetting; alfo oc- 
cultations and appulfes of the moon and planets to the 
fixed ftars. To which, at Sir Jonas Moore’s rtqueft, 
he added a tabic of the moon’s fondlings for that year; 
&om which, and from 1’hilips’s theory of the tides, 
the high-waters being computed, he found the times 
oome very near. In 1674 too, he drew up an account 
of the tides, for the ufe of the king. Sir Jonas alfo 
fhewed the king, and the duke of York, foroc barome¬ 
ters and thermo - ii.-ters that Mr. Hamit red liad given 
him, willi tli.- necefiary rules for judging of t i.e weather; 
and otherwise took every . ppi rt unity u< ipeaitiiig fa. 
vourably of FI mull rod to llu-m, t-'* '• ! or.gt!i he bion^ht 
him a wen..03 to be the I:' s .»<’• \’er, with a fa-- 

lary of kvI. per an.ium, .c 1... t nit of the oilice 
of OrdiMru - '-. heeaufe Sii J’,1; v : i i . oSurvcyo.' f": ne- 
ral oft i.e Oidn.iucc. Ti.is ! u.w< .i.y did not aLut - . oui 
author’s prope.diiy for holy 01 tiers, aid he was ;.c- 
cordingly ordained at Fly by bifhop Gunning. 

On the If rli of 167,, the foundation of the 

Royal Obfervaio- / at tore, .v'.-h was Fid ; and during 
the building o it, Mr. I Lie Heed's temporal y oblm-a- 
tory was in the queen’s houfc, v. liter lie in: de his obfer- 
vations of the appulfes i.f .he mo n mil planets to the 
fixed liars, anil wrote his Doctrine ( ,i thr Sphere, whic h 
was afterward publifhed by Sir Jonas, in his Syftem of 
the Mathematics. 

About the year 1684 lie was prefented to the living 
of Biwficw in Surry, which he held as long as he lived. 
Mr. Flan deed was equally refpefted by the great men 
his contemporaries, and by thofe who have £11 receded 
finer his death. Dr. Wotton, in his Refltftions upon 
Ancient and Modern Learning, flyles- our author 
one of the mod accurate Obfetverspf the Planets and 
Stars, and favs he calculated tables of the eclipfes of 
the frvtral fatcllites, which proved very ufeful to the 
aftronomers. And Mr. Molyneux, in his lYioptrtca 
L'ova, gives him a high character; and, in the admo¬ 
nition to the reader prefixed to the work, obferves, that 
the geometrical method of calculating a ray’s progrefs 
ir quite new, and never before published ; and for the 
firil hint of it, fays he, l mutt acknowledge myfelf 
obliged to my worthy friend Mr. Flam Heed. He wrote 
feveral fmall drafts, and had many papers iuferted in the 
Philofophical Tranfaclions, viz, feveral in alrm.il every 
volume, from the 4th to the 29th, too numerous to he 
mentioned in this place particularly. 

But his great work, and that which contained the 
main operations of his life, was the I/i/ivia Cakjlu 
Britannica, publiflied in 1725, in 3 large folio volumes. 
The firft of which contains the obfervations of Mr. 
William Cafcoigne, the firft inventor of the method of 
meafiiring angles in a telefcope by means of ferews, 
and the firft who applied telefeopical lights to allrono- 
mieal inftniments, taken at Middleton, near Leeds in 
Yorkfhire, between the years 1638 and 1643 ; extracted 
from his letters by Mr. (.'rabt.ee ; with feme of Mr. 
Crabtree's obfervations about the fame time } and alfo 
thofe of Mr. Flamtteed hiinftlf, made at Derby between 
the years 1670 and 1675 ; befides a multitude of curi¬ 
ous obfervations, and ncceffary tables to be ufed with 


them, made at the Royal Obfenatory, between due 
years 1675 »°d i68t).—The 2d volume contains his ob- 
lervation?, made with a mural arch of near 7 feet ra¬ 
dius, and 140 degrees on the limb, of the meridional 
zenith diftances of the fixed ftars, fun, moon, and. 
planets, with their tranfits over the meridian ; alfo ob* 
fervations of the diameters of the fun and moon, with 
their eclipfes, and thofe of Jupiter’s faleliites, and va¬ 
riations of the compafs, from 1689 to 17/9: with tables 
(hewing how to render the calculation of the places of 
the fiats and planets eafy and expeditious. To which 
are added, the moon’s place at her oppofitions, quadra¬ 
tures &e ; alfo the planets’ places, derived from the 
obfervations.—The 3d volume contains a catalogue of- 
the rigi't-afceufions, polar-diftances, longitudes, and 
magnitudes of .i-.nr 3000 fixed liars, with the cwre- 
fpomiing variations of the fame. To this volume is pre¬ 
fixed a liege ; icfacc, containing an account of all the 
aftroiumical oho vat ions mode before his time, with a 
defeription of the inllrumcnts employed ; as alfo of.his 
vivvn obfervations and inftruments; with a new Latin 
verfion of Ptolwny’s catalogue of 1026 fixed ftars; 
and Ulegh-beig’s places annexed on the Latin page, 
witli the corrections : a lmall catalogue of the Arabs: 
Tycho B:ahe’s of about 780 fixed ftars: the Land¬ 
grave of lleflc’s of 386 : Hevclius’s of 1534: and a 
catalogue of fume of the fouthem fixed liars not vi- 
fiblc in out- herm'fphcrc, calculated from the obferva- 
tiona made by Dr. Halley at St. Helena, adapted to the 
year 1726. 

This work he prepared in a great meafure for the 
prefs, with much care and accuracy: hut through a 
natural wiakntfs of conltitution, and the declines of 
age, he died of a ftrangury before he had finifhed it, 
December the 19th, 1719, at 73 years of age; leaving 
the care of finifhing and publishing his work to his friend 
Mr. Hodgfon*—A lei’s porfeft edition of the Hifloria 
Celcfl'is had before been p.ddifhtd, without his confent, . 
viz., in 1712, hi one volume folio* containing his obfer¬ 
vations to the year 1701;. 

Thus thi n, as Dr. Reil ubferved, our author, with 
indefatigable pains, for more than 40 years watched the 
motions of the liars, and has give:, us innumerable ob¬ 
fervations of the fun, moon, and planets, which he made 
with very large inftruments, accurately divided, and 
fitted with tclefcopic lights ; whence we may rely 
much more on the obfervations he has made, than 
on former aitronomers, who made thtir obfervations 
with the naked eye, and without the like afiiftunce of 
telefropes. 

FLANK, in Fortification, is that part of the bullion 
which reaches from the curtain to the face ; and it de¬ 
fends the curtain, with the oppi life face and Hank. 

Oblique or Second Flank, or Flank of the Cutta'u, 
is that part of the curtain from whence the face of the 
oppofite bullion can be feen, being contained between 
the lines lafant and Helmut, or 'lit greater and lefs lines 
of defence; or the part of he cut tain between the 
Flank and the point where the lichant lirte of defence 
terminates. 

Covered^ Lovj, or Retired Flank, is the platform of- 
the cafemate, which lies hid in the bullion ; and is other- 
wile called the Orilion. 

I'utaut Flank, it chat from whence a cannon 

playiug. 
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playing, dire&ly on the face of the oppofitc baf- 
tion. 

Rafant or Raxant Flank, is the point from whence 
the line of defence begins, from the coni unction of 
which with the curtain, the f.:ot only rafeth the face 
of the next baftion, which happens when the face can¬ 
not be difeovered blit from the Flank alone. 

Simple Flanks, ate lines going from the angle of 
the ftumlder to the curtain ; the chief office of which 
is for the defence of the moat and place. 

Flank, is alio a term of war, ufed by way of ana¬ 
logy for the fide of a battalion, army, &c, in contra- 
diftinition to the front and rear. So, to attack the 
enemy in Flank, is to difeowr and fire upon them on 
one tide. 

FLANKF.D, is ufed of fomrthing that has Flanks, 
or may be approached on the Hank. As 

Flanked single, which is that formed by the two 
faces of the baiiion, and forming its point or angle. 
Alfo, 

Flanked Line of Defence, Flanked Tenailk, Sc. 

FLANKING, ill general, is the difeovering and 
firing upon the tide of a place, body, battalion, &c. 
To Flank a place, or other wotk, is to difpofc it in 
fuch a manner as that every part of it may be played 
upon both in front and rear. 

Flanking means alfo defending. Any fortification 
that has no defence, but juft right forwards, is faulty; and 
to render it complete, one part ought to he made to Flank 
the other. Hence the curtain is always the ftrongelt 
part of any place, bccaufe it is Hanked at each end. 

Battalions alfo are faid to be Flanked by the wings 
of the cavalry. And a houfe is fometimes faid to be 
Flanked with two pavilions, or two galleries; meaning 

it has a gallery, 6 cc, on each fide.-There are alfo 

Flanking Angle, Flanking Line of Defence, &c. 

FLAT Bafliov, is that which is built on a right 
line, as on the middle of the curtain, &c. 

FLEXIBLE, is the propelty or quality of a body 
that may be bent. 

FI.EXION, the fame as Flexure. 

FLEXURE, or I*'lfx:on, is the bending or curv¬ 
ing of a line or figure. ' *, 

When a line finl bends one way, and then gradually 
changes to a bend the contrary way, the point where 
the two parts join, or where the bending changes to 
tire other fide, is called the point of inflexion, or of con¬ 
trary Flex me. 

FLTE, or Fly, that part of the mariner’s compafs, 
on which the 32 points of the wind are drawn, and over 
which the needle is placed, and faflened underneath. 

FLOAT Boards, the boards fixed to the outer rim 
of under/hot water wheels, ferving to receive the im- 
pulfe of tire It ream, by which the wheel is carried 
round.—There may he too many of thefe boards on a 
wheel. It is thought to be the belt rule, to hate theit 
.dift'ince a funder fuch, that each of them may come out 
of the w;i*"t asfoon as poffible, after it has received and 
acted with Its full impulfc ; or, which comes to the 
fame thing, when the fucceeding one is in a direction 
perpendicular to the furface of the water. 

Floating Bridge, is a bridge of boats, calks, &c, 
covered with plunks, firmly bound together for the 
paffage of men, horfes, or carriages, 5cc. 


FLOOD, a Deluge or inundation of water. 

F loud, is alfo ufed in fpeakiug of the tide, when it 
is riling or flowing up; in ccnlradiltindlion to the 
Ebb, wnich is when it is decreafing or running out. . 

FLOORING, in Carpentry, is commonly under¬ 
flood of the boarding of the Floors. The meafure- 
ment of Flooring is eftimated in fquares, of 100 fquare 
feet each, or of to feet on each iide everyway; for 
10 times to are ico. Hence the length of the floor 
being multiplied Ly its breath, in feet, and two figures 
cut oIF on the right-hand, gives the fquares, and feet, 
or decimals cut ulf. Thus, a Floor being 22 feet long, 
and it) wide ; 
then 22 length 
16 breadth 

22 

3,32 the content is therefore 3 fquares, and 52 
feet, or decimals. 

FLUENT, or Flowing Scantily, in the Doctrine of 
Fluxions, is the variable quantity which is conlidtred 
as iucrcaJiiig or decreafing ; or the Fluent of a givm 
fluxion, is that quantity whofc fluxion being taken, ac¬ 
cording' to the rules of that dodtrinc, (hall be the lame 
with the given fluxion. See Fluxions. 

Contemporary Fluents, are fuch as How together or 
for the fame lime. And the fame is to be undcrllood 
of Contemporary Fluxions.——When Contemporary 
Fluents are always equal, or in any eonflaut lalio; 
then alfo are their fluxions rcfpcCtively either equal, or 
in that fame eonilant ratio, 'l’hat is, if .v = y, then is 
x —y ; or if ,v : y :: n : 1, then is x : y : ; n : 1 ; 
or if x — ny, then is x = t:y. 

It is eafy to find the fluxions to all the given forms 
of Fluents ; but, on the contrary, it is difficult to find 
the Fluents of many given fluxions; and indeed there 
arc numherlefs cafes in which tins cannot at all be 
done, excepting by the quadrature and rectification uf 
curve lilies, or by logarithms, or infinite feries. 

This doctrine, as it was fait invented by Sir Ifaac 
Newton, fo it was carried by him to a eoiifidcrablc de¬ 
gree of perfection, at lealt as to the moil frequent, and 
mod ufeful forms of fluent s; as may lie fccu in his 
Fluxions, and in his Quadrature of Curves. Muclaurin, 
in his Treatife of Fluxions, has made fcveral inquiries 
into Fluents, reducible to the rectification of the cllipfc 
and hyperbola: and D’Alembert haspuvfued the fame 
fuhjedt, and carried it farther, in tile Me mo ires de 
1 ’Aeud. de Berlin, tom. 2, p. 200. To the celebrated 
Mr. Euler this dodlrine is greatly indebted, in many 
parts of his various writings, as well as in the inftitutwt 
Calculi Integralis, in 3 \n!s qto, l J etr. 1768. The in¬ 
genious Mr. Cote-3 contributed very much to this doc¬ 
trine, ill his Harmonia McnJururuin, concerning the 
meafurcs of ratios and angles, iu a large collection of 
different forms of fluxions, with their corrcfponding 
Fluents. And this fubjeCt was farther profeeuted in 
the lame way by Yv almefley, in his Analyfe des Me- 
fures des Rapportes et des Angles, a large vol. in 410, 
1749. Be fide s many other Authors who, by their in¬ 
genious labours, have greatly contributed to facilitate 
and extend the do&rint of I’luents; as Emcrfon, Simp, 
fop, Laaden, Waring, &c, in this country ; with l’Hfi- 

pital. 



FLU 


FLU [ 479 ] 


prtnl, and many other learned foreigners. Laftly, in 
*785 was pubhflied at Vienna, by M. Paccafli, a Ger¬ 
man nobleman, Udhandlung uber cine neuc Methode 
zu Integriren, being a method of integrating, or find¬ 
ing the Fluents of given fluxions, by the rules of the 
direct method, or by taking again the fluxion of the 
given fluxion, or the 2d fluxion of the fluent fought; 
and then making every flowing quantity its fluxion, and 
2d fluxion, in geometrical progreflion ; a method how¬ 
ever, which, it feems, only holds true in the eafioft 
cafes or forms, whofe fluents are eaiily had by the moll 
common methods. See this method further explained 
in the rules following. 

As it is only in certain particular firms and cafes 
that the Fluents of given fluxions can be found; there 
being no method of performing this univerfally a priori, 
by a diredt inveftigation ; like finding the fluxion of a 
given fluent quantity ; we can do little more than lay 
down a few rules for fueh forms of fluxions as are 
known, from the direct method, to belong to fueh and 
fuch kinds of Fluents or flowing quantities : and thefe 
rules, it is evident, mud chiefly eonfilt in performing 
fueh operations a« are the reverie of thofe by which the- 
flux!,,nr. are found to given flowing quantities. The 
principal cafes of which :i'-e as follow : 

T. To fr.d the FI.' T.t of a fan pie fluxion ; or that ill 
which there is r>o variable quantity, and only one fluxi- 
onal quantity. This is done by barely fubflituting the 
variable or fluwing qiu.nt’ty inllead of its fluxion, and is 
the refult or reverie of the notation only. Thus, 

The Fluent of a.k is rx. 

Tiie Fluent of tty + 2v is ay + 2y. 

The Fluent of v' a 2 4- a 1 is V-j- ,v J . 

II. When any paver of a flavin" quantity is mu!tip ted 
by the fuxion of the roc,!. Then, having fubflilutcd, as 
before, the flowing quantity for its fluxion, divide the 
rclult by the new index of the power. Or, which is 
the fame thing, take out, or divide by, the fluxion of 
the root ; add 1 to the index of the power; and divide 
by tho index fo increafed. 

Ro if the fluxion propofed be - 3.xVi ; 

•Strike out .v, then it is - - 3.V 5 ; 

add 1 to the index, and it is - - 3 .V 6 ; 

divide by the index 6, and it is - ' a 6 or ’.v 6 ; 

which is the Fluent of the propofed fluxion 3*'a. 

In like manner, the Fluent 
of qaxx il 2itx' ; 

of $x’x is 2x* i 

r „ ■ • a n 4- t 

ot as",v is- x ; 

n + 1 

r * . -t —1 

ot — or * s; is —■ a or-. 

z 

of (a 3 -f z 3 )*z.*x: is r ‘ r (a 3 + a 5 )*. 

III. When the root under a vinculum it a compound 
quantity ; and the index of the part or fatlor without the 
1 vinculum increafed by 1, is feme multiple of that under 
the vinculum : Put a Angle variable letter for the com¬ 
pound root; ami fubllitute its powers and fluxion in- 
llead of thofe, of the fame value, in the given quantity ; 
fo will it be reduced to a Ampler form, to which the 
preceding rule can then be applied. 

3 


So, if the given fluxion be F = (.i 1 4- x % ) ’w x { 
where 3, the index of the quantity without the vincu¬ 
lum, increafed by 1, m ikes 4, which is double of 2, 
the exponent of -v" within the fame ; therefore putting 
•s = <*= 4- x*, thence .v l — a — <1% and its fluxion is 
2 xx — i ; hence then .v» v j,.v a a = ;« (* — «’), and 

the given quantity F or (u* 4- x 7 )*x 3 x is = 

*, j 1 _ 

i»'s (a— «’•) or = .J* iz — ’a***« ; and the Fluent 
of each term gives 


,T-. 


,4 = 3 .I 


_ ... aV"). i <> r » by fub- 

flituting the value of 2 imlead of it, the fame Fluent is 


(t<* 


3 («*+) f *( ,V v * - \W)> r 





IV. When there are fevered terms involving two or 
more variable quantities, having the fluxion of each multi¬ 
plied by the other quantity or quantities : Take the Fluent of 
each term, as if there was only' one variable quantity in 
it, namely that whofe fluxion is contained in it, fuppof- 
ing all the others to be conflant in that term; then if the 
Fluents of all the terms fo found, be the very fame 
quantity, that quantity will be the Fluent of the 
whole. 


Thus, if the given fluxion berry 4- xy . Then, the 
Fluent of .^y is xy, fuppoling y conflant ; and the 
Fluent of xj is alfo rty, when x is conflant; therefore 
the common rcfulting quantity xy is the required Fluent 
of the given fluxion xy 4- xy. 

And, in like manner, the Fluent of 
xyz + xjz 4- xyz. is ary a. 


V. When the given flaxion.il expnfinn is in this form 

——y-^, vis,, a Jmotion including two quantities, being the 

fusion of the former draws' into the latter, minus thefusion 
of the latter drawn into the former, and divided by the fquare 

of the latter ; then the Fluent is the fraction —, or of 

y 

the former quantity divided by the latter. That is, 
The Fluent of —-— is — ; 

. y y 

, . . c 2.wry 1 — 2 x\vy . x* 

and the Fluent of--■» is —. 

.v 4 y 1 

Though the examples of this cafe may' be performed 
by the foregoing one. Thus the given fluxion 

i v — xy x xv x ~ 2 

—-— reduces to-— or- xyy ; 

y* y y* y J ’ 

x X 

of which the Fluent of — is — when y is conflant; 

_ y y_ 

and the Fluent of xyy 2 i# + xy or — when .v is eon- 


flant; and therefore, by that cafe, y is’ the Fluent or 
the whole ———. 

y' 

VI. When the flexion of a quantity is divided by the 
quantity itfclf: Then the Fluent is equal to the hyper¬ 
bolic logarithm of that quantity ; or, which is the fame 
thing, the Fluent is equal to 2*30258509 &c, multi¬ 
plied by the common log. of the fame quantity. 

So, 
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C 

■So, the Fluent 

Jf M— J 

of — or x a Ja tht hyp. log. of x i 
x 

-2 x 

•f — -is 2 X hyp. log. of x, or = Ii. L of x*.; 

Hx 

jo{ — is a X h. L of x, or li. 1 . of x* j 
x 

■ of — - - is the h. I. of a + x ; 
a ■+■ x 

.of - AT * ; B the Ji. 1. of a + a 3 - 
a + a 3 

VII. Many Fluents may he found by the dir eft 
method of fluxions, thus: Take the fluxion again of 
the given tluxioual expreflion, or tire ad fluxion of the 

A 1 V* 

Fluent fought; into which fubftitute — for x, and — 

• .v y 

for y, Sec, that is, make *, x, x, as alfo y, y, y, See, in 
continual proportion, or x : x :: .< i ji, and j :y : :_y : y. 
Sec ; then divide the fquare of the given fluxional ex- 
preflion by the 2d fluxion, juft found, and the quotient 
will be the Fluent fought in many tales. 

Or the fume rule may be othcr wife delivered thus : In 

the given fluxion F, write * for x, y for y, Sec, and 
call the refult G, taking alfo the fluxion of this quan¬ 
tity, 6 5 then make G : F : : G : F, fo (hall the 4th 
proportional F be the Fluent as before. And this is 
the rule of M. Paccaffi. 

It may be proved if this be the true Fluent, by tak¬ 
ing the fluxion of it again, which, if it agree with the 
propofed fluxion, will ftiew that the Fluent is right; 
©therwife, it is wrong. 


4*o 1 

Thus, if it be propofed to find the Fluent of *“" t A. 
Here F = nx 11 ~ **■; write firft * for and it is 
six" ~ *x or «a° = G ; the fluxion of this is 6 =* 
«*.v B '»•; therefore G;F: :.G : F becomes 

«**"*“** : nx D ~~ , x it «* B ; * n ss F, the Fluent 
fought. 

For a 2d ex. fuppofe it be propofed to find the 
Fluent of xy + xy. Here F s= xy + xy ; then, writ¬ 
ing x for v, and y for y, it is xy + xy or 2 xy =s G ; 
the fluxion of which is t.iy + zxj — G ; then 
G : F : : G : F becomes 

2-vy + 2 xy ; .vy + xy : ; 2 .xy i xy ss F, the Fluent 
fought. 

VIII. To find Fluents by means of a table of forms 
of Fluxions and Fluents. 

In the following table are contained the moft ufual 
forms of fluxions that occur in the praftical folulioii of 
problems, with their corrcfponding Fluents fet oppufite 
to them ; by means of which, via, comparing any pro¬ 
pofed fluxion with the correfponding form here, the 
Fluent of it will be found. 

Where it is to be noted, that the logarithms in the 
faid forms, are the hyperbolic ones, which are found 
by multiplying the common logs, by 2‘302 5X50929940 
&c. Alfo the arcs whofe line, or tangent, &c, are 
mentioned, have the radius 1, and are thofe in the 
common tables of fines, tangents, See .—And the num¬ 
bers m, n. Scc. are to be fomc quantities, as the forma 
fail when n = o, or m = o, &c. 


B 

Fluxions. 

Fluents. 

B 

n — 1 , 

X X 

— 

n 

11 

. . - ,m — 1 u—1 . 

(a =fc *V xx 

dz — (a dt x n J m 
mn 

hi 

mn— 1 . 

X X 

1 * ra * 
mtia X (adccx*) m 

(a-±.x K f a ‘ + * 

D 

(a x* *x 

-l (a =fc r";™ 

mn + 1 

X 

mna x ** 1 

V 

(mxy + nscy) x m ~ 1 y n ~" \ 

sc* y' 

VI 

■»* m t xy n *' + t\x m y l ~~ t yZ r + rx m y r ‘x, 

or (mxyz 4- nxjz + rxyz)x m V , * r *, 

,mx ny ri x _ . „ 

or / — + — + — 1 x m y * 

\ * y *J 


— or *"*'*• 

X 

log. of X 















FLU 


t 4«i 1 


FLU 


Fluxions. 




± — log. of a ± *• 

ft 


—L log. of ——- 
na a dt x m 


' log. of 

n s/a b s/a — s/ x 


2 / .v" 

-- x arc to tang. V — , or 

ns/a a 

t a — x* 

- X arc to cofine- 

n^a a + x" 


\ •/ ziz a •+• a " 



log. of y/x' + —a + *" 


— X arc to fin. — 1 or 
n a 

1 - 2*" 


— x arc to verf. 


log. of 


dz “/a zp x n ± s/a 


ny/a ^a ± *"+ s/a 


2 f x 9 

— — x arc to focant —, or 
ns/a V a 


X arc to cofin. 


2a — x* 


XVI I Sc s/d* - •** 


XVII <V*X 


XVI III xy' log. j+*/“'> 


— circ. feg. to diam. d and vcrf. x 


c nl 


n log. c 




The lift of the foregoing Table of Forms of Fluxions 
and Fluents. —In the ufe of this table, it is to be ob- 
feived, that the full column ferves only to (hew the 
number of the form, as a mark of reference ; in the ad 
•column are the feveral forms of fluxions, which ave of 
different kinds or cJaflis ; and in the 3d or laff column 
are the correfponding Fluents. 

The method of uling the table is this. Having any 
fluxion given, whofe Fluent it is propofcd to find : 
Firil, compare the given fluxion with the levcral forms 
V01.. I. 


of fluxions in the 2d column of the table, till one of 
the forms be found that agrees with it; which is done 
by comparing the terms of the given fluxion with the 
like parts of the tabular fluxion, viz, Hie radical qnan 
tity of the one, with that of the other; and the ex¬ 
ponents of the variable quantities of each, both within 
and without the vinculum ; all which, being found to 
agree or correfpond, will give the particular values of 
the general quantities in the tabular form. Then fub- 
ffitutc thefe particular values, for tlic fame quantities 

3 ■ * 
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in the general or tabular form of the Fluent, anil the 
refult will he the particular Fluent fought ; ao'-r it is 
multiplied by any coefficient the propofed fluxion may 
have. 

For Ex. To find tlie Fluent of the given flux tonal 

5 

rxprcfTion 3This agrees with the hirll form ; and . 
by comparing the fluxions, it appears that x —■ v, and 
n — 1 = 5 , or 11 ~ j ; which being fubilitute-d in the 

tabular Fluent, or — a", gives, after multiplying bv 3 
« ' ' 

F F 

the cocR'ieint, 3 X or ,.v' for the Fluent fo'igl-.t. 

Again, To find the Fluent of 5s’.v\/ r z — x 3 , rr 
_ 1 

y.f 1 v . r- ! —r. U ; . This belongs to the ad f ’ it' : fer 
a — c 3 — a" = — ,r% n 3 under t! ■: \i. 1 id.qy, 

m — 1 =r. ], or m — anil the exj.iuu nl" 1 i f .v 1, 1 

without the vinculum, by 1 ling 3 for r, i-> a — 1 — 2, 
which agrees with x 1 in the fluxion given ; and 
fore all the parts of the form are found to -u. : V 
Then, fnhttitutiiig theft- valuis into the gtnend Fh:e..t, 

f r x 2 

- (,t —.i*)'", it becomes ——— (0 3 — x 1 ) —. 

»m K , 3 x .) 

- >«? (r*-.v» )\ 

Thirdly, To find the Fluent of--. This a-mes 

i *4- 

with the 8th form ; where dfc a" = + in the deno¬ 
minator, or n = 3 ; and the numerator .r" 1 then br- 

comcs a’, whieh agrees with the numerator in the 
given fluxion ; alfo n — x. I-feuee then, by fubilJlnt- 

i«ig in the general form of the Fluent — logarithm of 
a -|- A’ n , it becomes 3 logarithm of 1 -}- ,v 5 . 

IX. To bird Fhi.nl.s ly n:..tn r r f Infmhr S/u i-s _- 

W lien a Mule form cannot be Imuid to agree with a 
propofed fluxion, it is then ufu.il to throw it into ail 
infinite ien’is, either by diiifie.ii, or cx'ra&ion of roots, 
or by the binomial theorem, &e ; after wliieh, the 
Fluents of all the terms are take n ieparately. , 

; For Ex. To find the Fluent of---IT. re, 

1 I -f A - A* 

by dividing the numerator by the denominator, this be¬ 
comes » — 2v>- + 3.v 5 >' — -f N\ 4 ;- &c; and, the 
Fluents of all the terms being taken, give 
a —.v 1 -f .\ s — s .\ 4 + ,a‘ ; ’ d r, for the Fluent fought. 

To C'rr <<7 :: Fm’Fnt.—T he Fluent of a g - :-.-- n tlux- 
icr. found at. .hove, feme t hues wants a 1 orr. ft ion, to 
make it eon tern porary w’th that n-qiered bv the pro¬ 
blem uiehr confiderutiou, &c: for the Flm-nt e,f rmv 
given fluxion, as.v, may be either a (evhii h is found by 
themuli ) or it may he a it r, that i‘. .v plus e.r minus 
fome conflant quantity c ; hecaufe both .v and ,v rh c 
have- the laine fluxion .% : atul the finding of this eon. 
flant quantity, ,v called ce rri' 4 :ng * he j hu nt. Now 
this c<im-ttiinl is to he dcteiirir.ed fiom tin- nature of 
the pi chirm in l.ano. by whieh vt e come to k now the re¬ 
lation which the ) hunt quantities have to *:.i h other 
at force t'-vtain pi ir.t or tlmr. Reduce therefore the 
yueral MuentlaJ eqi.ation, found by the inks t l.cwv, 
to that point or time ; then if the equation he true at 
that point. it is corn ft; hut if not, it wants a correc¬ 
tion, ,.. * the quantity of that corredtion is the dif¬ 


ference between the ttvo general (ides of the equation 
whet; rrJutxd to that particular ftate. Hence the ge¬ 
neral rule for the correction is this : 

Connect the conflant, but indeterminate, quantity 1? 
with o iv fi:!e or the Fh.iential equation, as determined 
1 the ! h; .'rug u;!.r: then, in this equition, fubili- 
t-le 'hr tin. var.-djic qr.antilie.; hue!; values as they are 
ki.mvn ‘.1 it;;.c at any panietdar flute, pi.ice, or time ; 
and tit. x Ir-'iii tint partied ;r (late- of the equation find 
the \.dc■ d" i, :iir eonllaut qua.ility of the correction. 

T.- fud the Com.', h'.'uent of » =//.v 3 '. Firlt 
tl.i .. . n r.d I'iuent of this is s = rr.v 4 , or 1 = ct. ; 4 + r, 
i,.i correition r. 

,r. if il be known that v- and isegyn together, or 
tf.. * ~ c.. w!.e . x x; ti.in writiu^o both for ft 

t' r g-.n ,d eqion becor-tel O ~ O -f- c, or 
i'w vr.luc 1 f . being e, the Correct 
l'dui.ui: jnv "• ■= i..' 4 . 


Ih.t I I'. ; . when x ~ h, av.v known quan¬ 
ta.- . thin fnl eg for •*., aid ! ihc ,v, in the ge- 

in -.a! eqaat Ion, 1 -. ■• '.u-- *, :a- -b trom which is 
f : id <- —. — 1 >< ’ ; n id ihi, hi-i.g wiitteu for it in the 
gi i eiprit : cn, 11 ■ h. bei'otui-. ■: = i/V — for the 
c. ’ % ” r e-- it-T-ipovn-y hlu-—' s. 

Or lalilv, it 11 in known tint t. is ~ fome quantity 
</, wlv.11 .v is equal fome other qumtitr, as/ ; tiwn lub- 
flitutiug d for -x, ami b for x, in the general Fkieutial 
c.prit Ion c. n .; 4 4 it becomes if :;!/* q- , ; and 
lienee is deduced the value o! the i-onveH.ui, viz, 
t d — id>* ; cmiltqaentlv, wilting this value for r in 
the general equation, it bieo:.,.-; r i/.v 4 — u ! 4 -p ./, 
for the Corn el equation of the I.luiiUs in this cafe. 

And lienee aril ; another eafv and general v civ of 
correcting the Fluents, which this: In t he gi ner.il 
equation of rive Fluents, write tin pa-tieukir values of 
tie- qi.tuitLies which they aie known to have at any 
errt.im time; then luhtrac.l tin (ides of t! 1. ret nil ing 
particular equation, from the coiivfpondiug (ides of the 
geii'rnl one, and tile reniainders will give tlie Cor: 1 et 
equatioii (f’.he Fluents fought. So, as above, 
tb • geuivnl eqir.i'don being - ■; 1= u.v 4 ; 

v le .. for ami l for x, tie. 11 - d .-" 4 ; 


hence by lubtsa'tuon - » — d = <'.v 4 — 

or t = <i.\* — al 4 + d , 

the Corrrei Fluents as before. 

FLUID, or Finn Hotly, recording to New;0,1. is 
that whofc parts vi'-lil ’o the finailtrlL force iuqi'.ib.’. 
Hud by yiekl’iig arc » s ;'ily m % aieoug cacti othir 5 
in v.liieli leaf' .1 hands oppoleil to a toll'd. This is 
the definition of a perfect fluid : if the Fluid u-quire 
fi.me ft , 1 Able force to move il., parts, it is impel feet in 
proportion to that iurcc ; iueii us jieiiiaps ail the fluids. 
\,i know of in triluii. 

T'hnt Fluids have wi'-uitin in their fnbflanre is evi¬ 
dent, heeaufi. ccrta.-n bodies ir.av he diiholved in flu in 
without iucrealing their bull,, b'htu, water will dif- 
folvi- a eiu-*ain quantity <>f fell ; af.er which it will >v- 
e' ive a liitle f.qivir, and after that a little alum ; .out 
all this without inereating its fir 11 dimt.nliont.. Which 
flu-v.s that the pnitiele;; of thefe folids me lo far fepa- 
raled as to luiomc Inxdler than thole of the Fluid, and 
to be received and contained in the inti-vilices bvtvveen 
them. 


Iluids arc cither el allied fuel) as air; or non-tlaflie, 

as 
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as water, mercury, Sc c. The fa latter occupy the fame 
fpacc, or are of the lame bulk, under all proffures or 
forces; but the former dilate and expaud thcmfdvcs 
continually by taking of)' the external profitin' from 
them ; for which rerfon it is that the dcnfity and elaf- 
ticity of fitch fluids, are proportional to the force or 
weight that comprcflls them. The do&rine and laws of 
FinHs are of the great ell extent in philofophy: the 
properties of el all ic Fluid:; cunflil uting t lie do ft rine of 
j’m n'vr.ilieti ; tliofe of the nou-elaflic ones, that of Hy¬ 
dro: 1 -..ic:; ; and their motions, 1 fvdnuilica. For wliich 
ic th f.* r.-fpedtiv: articles. Alfo, 

For the laws of the prcflure and gravitation in Fluids 
fj < •. hi -die heavier or lighter than the bodies immerged, 
hr Nnoc Gravel:-. 

3 • r tlv l-'v.-s of the rcfiil.mce of Fluids, or the retar¬ 
dation of (olid bodies moving in Fluids, fee Rf.sist- 
/ M 1 A.'-J 

1 - 1 lie afeent of Fluid' i;i capillary tubes, or bc- 

tvuii 'iaf. oiaiits, he, lee Ami.ni, and Cai-illakv 
Tr.lrt. ‘ 

'■ ! .t’^'F 1 ', or Far rier;:-, are certain channels or 
cav' 1 ' ".I fjlo !l e f’liif; i.i a column, or pilailer. 

]• i - 1 1 1 D 1 TV. ‘.h it i: -te 11 affection of b'.iiics, which 
dcmimm il-- or ivodcrs llu in Fluid; or that property 
l.v wi.i- Ii they *. iehl to the final toil l’oicc in; p relied : in 
eoutrnd'll. .clion to Soliditv or Finnuefr. 

Fluiditv is to be carefully diflingtiiiheil from Liqui- 
d :v ot Humidity,'which latter implies wetting or ad¬ 
hering. Thus, air, ether, mercury, n>u! other melted 
metal-, and even f nolle and flame itfelf, are Fluid bo¬ 
dies, hut not l-.’ur.d ones; whilll watei, beer, milk, 
urine, hr, are b'-th Fluids and F.iqnids at the fame 
time, 

The int’.ne and eaufis of Fluidity have been va- 
rioufly afligued. 'The (Inffendifls, and ancient cor- 
ptifeulnvian ., require only three conditions as mveffary 
to ii ; \i«, a fmalhuls and fmoothncf, of the particles 
of the b*»dv, vacuities interfperfed berween them, a r.l a 
frl’.ev’eal figure. The Cmtelrnir., ami aftei lium Dr. 

1 look, Mr. Hoyle, &c, helide tlufe etreumllanees, 
require alio a c.rtain internal <>v inti dine muum 
of the particles as chiefly contributing to Fluidity. 
Thus, Mr. Boyle, in bis I liflory of Fluidity, argues 
from various 1 > pnimeiit ■; for example, a little dry 
powder of iduballer. or pl.i'i'tcr of Paris, linelytnt-.fi, 
being put into a '-ef’cl over the lire, loon begins to boil 
like water ; exhibiting all the m-'ti-ir.s phenomena 
of a boiling liquor: it will tumble v.irioellv in great 
vines, like that ; vvi'l bear flirting vith 1 iFck or ladle 
like that, without relating; and if ftronglv d’lrtd near 
the fide of the vefl’cl, its ii!"-.i; v ill npp r>-.itlv dafh 
agninfl it : yet it is all the while a dry parched pow¬ 
der. 

The like is obfemed in fand ; a difli of which being 
fet on a drum-bead, brifldy beaten by the flicks, or on 
the upper fKme of a mill, it in all refpedts emulates the 
proper! ies of a Fluid body. A heavy body, ex. gr. will 
immediately fink in it to the bottom, and a light one 
emerge to the top : each grain of fa ml haa conllant 
vibratory and dancing motion; and if a hole be made in 
the fide of the difh, the fand will fpin out like water. 

The Carte nans bring divers confideralions to prove 
that the parts of Fluids are in continual motion : as ill, 


T'hc change of f -lidi into Fluids, ex. gr. ice into wa¬ 
ter, and vice veria; the chici cul-reii-e between I he 
body in ilioie two flalcs confilliug in this, tlint the parts, 
bcbig fixed and at rdl in tlic one, refill the touch ; 
whereas in the other, biing already in million* th-.-v 
give way to the flightell iatpnlfe. _’d!y, '1 he i ^.eCi of 
Fluids, wliich commonly proceed from m.-ti >u : fueii 
are the b,initiation of Fluids among lh-' pore's of bu¬ 
llies; the foftiuing and di'iblving him: bodies ; theac- 
tious of e uT-.-iive menllrnums ; &r: A -1.1, lliat no fo- 
li.l can be brought to a lb' e of FhiK.iiy, without the 
intervention of foine ii-ov or '.uovr.hk b,ub , a-, fire, 
air, or water. A.-r, tb-‘ fame "c'.tkm.cn it be* 

the full faring of thcl'e cauls s 1 f i le.i.ii'it being this 
that git^s motion to lire and water, ti.ough U e-'f ic- 
ceives its motion and acii..-n from U.e etktr, 01 fid.tie 
medium. 

But liocihanve plead: flrenuoufly that lire is ibe ft-I l 
mover, and the cauie of all Fluidity in other bodies, us 
air, water, fvo : without this, he fhews that the at- 
mofphere itfelf would fix into one fill’d mads. And in 
like mam.cr, Dr. Black, of iid.-uh. rgh, uu-ntions Flui¬ 
dity as an clkdt of heal. The different degrees of 
heat which are required to bring difk.vnt bodies into a 
flate of Fluidity, he fuppofes may depa nd on fome par- 
ticu.lars in the mixture and compoliti..:i of the k-.d’es 
tin mfelves : which is rendered farther pie bable from 
eoididering that the natural flute of bodies in this rc- 
fpeCt is changed liv certain mixtures; thus, when two 
nvt ih. are compounded, the mixture is commonly more 
fulihle than either of them Ivp.tratilv. 

Flew Ion’s idea of the cauie of lluid.ii v is different ; 
he nmke» it to be the great principle of attraction. The 
valient* inti ilui.- mot.-on and ngitarieii among the parti¬ 
cles of Fluid bodies, he thinks is naturally accounted 
for, by f’lippofing it a primary law of nature, that as nil 
the particles of matter attract each other when within 
a certain distance ; to at all greater ilillances, they avoid 
and fly from one another. For then, though their 
common gravity, together with the pie flu re of other 
bodies upon them, may keep them togither in a ma:% 
yet their continual ciidea- our to avoid one nnotlur 
fingly, and the adventitious impiilfes of heat and light, 
or other external caufes, may make the particles of 
Fluids eonti-nully move round about one another, and 
fc> prodifee this quality. 

As therefore the eaufe of ei'liefion of the paits of fo- 
lid bodies appears to be tluir n utml ail 1 action ; So, on 
this principle, the chiefeauf-of Fluiditv fe.-msto he a 
e.-nti.irv motion, impiellid in the pirtkle.*- of I hods ; 
bv v.ldeh th v avoid and fly fion: o u .moth.as fo.,n 
as tlu y come at, and as long as lh«i keep at, fuel: a 
nil!ruefr-sn each otlu r. 

It is ubfcrve-.l alfo in all Fluids, that the direction of 
their prclTuvc agamll the vcflel* which ooutaiu them, is 
in iinos perpend i-ular to tb<. (i-U s of fach \i T» Is ; wliich 
pioperty, being toe ueeede.i y 1 c 1 lilt of the ipherieid fi¬ 
gure of t lie particle.- of nn\ Fluid, Ihev. : that the pans 
of all Fluid., are fo, or of a figure vei v neatly appi nich¬ 
ing to it. 

IT-FIX, in Hydrograph v', a regular and periodical 
motion of the fea, happening twice in 24 hours and gS 
minutes, nearly ; in which time the water is raifed, and 
driven violently agaiult the ihoivs. The Flux, of Flow, 
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if one of the motions of the tide: the other, by vhich 
the water finks and retires, being called the Reflux, or 
Ebb. See Tine. 

Between the Flux and Reflux there is a kind of reft 
or ccffation, of about half an hour; during which time 
the water is at its greateft height, called High-water. 

The Flux of the fca follows chiefly thecourfc of the 
moon ; and is ahvavs higheft and greateft at new and 
full moons, particularly near the time of tlie equinoxes. 
J n fume parts, as at Mount St. Michael, it rites 80 or 
90 feet, though in the open fea it never rifes above a 
foot or two ; and in fome places, as about the Morca, 
there is no flux at all. It runs up fome rivers above 
1 20 milts: though up the river Thames it goes only 
about 80, viz, near to Kingfton in Surry. Above 
jLondon-bridge, the water flows 4 hours, and ebbs 8 ; 
and below the bridge, it flows 5 hours, and ebbs 7. 

FLUXION, in the Newtonian analytis, denotes the 
rate or proportion at which a flowing or varying quan¬ 
tity increafes its magnitude or quantity ; and it is pro¬ 
portional to the magnitude by which the flowing quan¬ 
tity would he uniformly increafcd, in a given time, by 
the generating quantity continuing of the invariable 
magnitude it has at the moment of time fur which the 
Fluxion is taken : by which it Hands contradiflinguifhed 
from fluent, or the flowing quantity, which is gradually, 
and indefinitely incrcafing, alter the manner of afpaee 
which a body in motion deferibes. 

Mr. Simpfon ohferves, that there is an advantage in 
thus confidcring Fluxions, not as mere velocities of in- 
creafe at a certain point, but as the magnitudes which 
would be uniformly generated in a given finite time : 
the imagination is not here confined to a tingle point, 
and the higher orders of Fluxions are rendered much 
more eafy and intelligible. And though Sir Ifaac 
Newton defines Fluxions to be the velocities of motions, 
yet he lias recourfe to the moments or increments, ge¬ 
nerated in equal particles of time, to determine thofe 
velocities, which he afterwards diredrts to expound by 
finite magnitudes of other kinds. 

As to the illuftration of this definition, and the rules 
for finding the Fluxions of all forts of fluent quan¬ 
tities, fee the folk)wing article, or the Method of 
Fluxions. 

Method of Fluxions, is the algorithm and analytis 
of Fluxions, and fluents or flowing quantities. 

Moil foreigners define this as the method of dif¬ 
ferences or differentials, heir.; the analytis of indefinitely 
fmall quantities. But Newton, and other Knglifli au¬ 
thors, call thefe infinitely fninll quantities, moments ; 
eonfidering them as the momentary increments of va¬ 
riable quantities ; as of a line eonfidered as generated 
by the flux or motion of a point, or of a furface gene¬ 
rated by the flux of aline. Accordingly, the variable 
quantities are called Fluents, or flowing quantities; 
and the method of finding either the Fluxion, or the 
fluent, the method of Fluxions. 

M. Leibnitz conlideis the fame infinitely fmall quan¬ 
tities as the differences, or differentials, of quantities ; 
and the method of findiug thofe differences, he calls the 
differential Calculus. 

Betides this difference in the name, there is another 
in the notation. Newton expreffes the Fluxion of 
a quantity, as of *, by a dot placed over it, thus x j 


while Leibnitz expreffes his differential of the fame r, 
by prefixing the initial letter d, as dx. But, fettiug 
afidc thefe circuniflances, the two methods are juft 
alike. 

The Method of Fluxions is one of the greateft, moll 
fubtle, and fublinie difeoveries of perhaps any age : it 
opens a new world to our view, and extends our know¬ 
ledge, as it were, to infinity ; carrying us beyond the 
bounds that feenied to have been preferibed to the hu¬ 
man mind, at leall infinitely beyond thofe to which the 
ancient geometry was confined. 

The htilory of this important difeovery, recent as it is, 
is a little dark, and embroiled. Two of the greateft 
men of the lull age have both of them claimed the in¬ 
vention, Sir I. Newton, and M. Leibnitz; and nothing 
can be more glorious for the method itfelf, than the 
zeal with which the porlifans of cither fide have afferted 
their title. 

To exhibit a juft view of this difpule; and of the 
pretenfions of each party, we may here advert to the 
origin of the difeovery, and mark where each claim 
commenced, and how it was fupported. 

The principles upon which the Method of Fluxions 
is founded, or which conducted to it, had been laying, 
and gradually developing, from the beginning of the 
lull century, by Fermat, Napier, Barrow, Wallis, Slu- 
fius, &o, who had methods of drawing tangent^ of 
maxima and minima, of quadratures, &c, ia certain 
particular cafes, as of rational quantities, upon nearly 
the fame principles. And it was not wonderful 
that l'uch a genius as Newton fliould foon after raife 
thofe faint beginnings into a regular and general fyllen* 
of fciencc, which he did about the year 1665, or 
fooner. 

The firft time however that the method appeared in 
print, was in 1684, when M. Leibnitz gave the rules 
of it in the Leipfic Ads of that year ; but without the 
dcmonilrations. The two brothers however, John and 
James Bernoulli, being greatly ftruck with this new me¬ 
thod, applied thcmfelvcs diligently to it, found out the 
demonftrations, and applied the calculus with great 
fuccefs. 

But before this, M. Leibnitz had propofed his Dif¬ 
ferential Method, \iz, in a letter, dated Jan. 21, 1677, 
in which he exactly purines Dr. Barrow’s method of 
tangents, which had been publifhed in 1670: and 
Newton communicated his method of drawing tangents 
to Mr. Collins, in a letter dated Dec. 10, 1672; which 
letter, together with another dated June 13, 1676, were 
fent to Mr. Leibnitz by Mr. Oldcnburgh, in 1676. So 
that there is a itrong prefumptiou that he might avail 
bimfclf of the information* contained in thefe letters, and 
other papers tranfmitted with them, and alio in 1675, 
before the publication of his own letter, containing the 
firft hint of his differential method. Indeed it fuffi- 
cicntly appears that Newton had invented his method 
before the year 1669, and that he a&ually made ufc of 
it in his Compendium of Analytis and Quadrature of 
Curves before that time. His attention ieems to have 
been dire&ed this way, even before the time of the 
plague which happened in London in 1665 and 1666,. 
when he was about 28 years of age. 

This is all that is heard of the method, till the year 
1687, when Newton’s admirable Priacipia came out* 
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which it almolt wholly built oft the fame calculus. The 
common opinion then watt that Newton and Leibnitz 
had each invented it about the fame time; and what 
fec-med to confirm it was, that neither of them made 
any mention of the other; and that, though they 
agreed in the fubftance of the thing, yet they differed 
in their wayB of conceiving it, calling it by different 
names, and ufing different characters. However, fo¬ 
reigners having firil learned the method through the 
medium of Leibnitz’s publication, which fpread the 
method through Europe, thofe geometricians were in¬ 
ferably acouuomcd to look upon him as the foie, or 
principal inventor, and became ever after ftrougly 
prejudiced in favour of his notation and mode of con¬ 
ceiving it. 

The two great authors themfelves, without any Teem¬ 
ing couccrn, or difputc, as to the property of the in¬ 
vention, enjoyed the glorious profpeft of the progreffes 
continually making under their aufpices, till the year 
1699, when the peace began to be diilurbed. 

M. 1 - acio, in a treatife on the Line of Swifted 
Defcent, declared, that he was obliged to own Newton 

the firil inventor of the differential calculus, and the 
firit by many years ; and that lie left the world to judge, 
whether Leibnitz, the fecund inventor, had taken any 
thing from him. This preeife diilinftion between fird 
and ;d inventor, with the fufpicion it infinuated, laifed 
aeontroverfy between M. Leibnitz, fuppotted by the 
editors of the Leipfic Acts, and the Englilh mathema¬ 
ticians, who declared for Newton. Sir ifnac himfelf 
never appeared on the fccne ; his glory was become 
that of the nation ; and his adherents, warm in the 
caufe of their country, needed not his aifiltancc to ani¬ 
mate them. 

Writings fuceceded each other but flowly, on either 
fide ; probably tin account of tlie didance of places ; 
but t he controverfy grew dill htilter and hotter: till at 
length M. Leibnitz, in the year 1711, complained to 
the Royal Society, that Ur. Kcil had accufed him of 
publiihing the Metliod of Fluxions invented by Sir 1 . 
Newton, under other names and characters. He infilled 
that nobody knew better than Sir I fane himfelf, that he 
had (lolcii nothing from him ; and required that Ur. 
Keil Ihould dilavow the ill conitruftion which might 
be put upon his words. 

The Society, thus appealed to as a judge, appointed 
a committee to examine all the old letter;., papers, and 
documents, that had palled among the fevcral mathe¬ 
maticians, relating to the point ; who, after a drift ex¬ 
amination of all the evidence that could be procured, 
gave in their report as follows: “ That Mr. Leibnitz. 
“ was in London in 1673, and kept a cuircfpondence 

with Mr. Collins by means of Mr. Oldenlutrgh, till 
“ Sept. 1676, when he returned from I’aris to lhmo- 
“ ver, by way of London and Atnlletd.im : that it did 
«* not appear that Mr. Leibnitz knew any thing of the 
“ differential calculus before his letter of the 21ft of 

June, 1677, which was a year after a copy of a let- 
“ ter, written by Newton in the year 1672, had been 
“ fent to Paris to be communicated to him, and above 
»« 4 years after Mr. Collins began to communicate that 
« letter to his correfpondents ; in which the Method of 
** Fluxions was fuffictcntly explained, to let a man of his 

fagacity into the whole mutter ; and. that Sir i. New- 


“ ton had even invented his method before tlie year 
“ 1669, and confcqueutly 15 years before M. Leibnitz 
“ had given any thing on the fubjoft in the Leipfic 
“ Acts.” From which they concluded that Dr. 
Kcil had not at all injured M. Leibnitz in what he had 
laid. 

The Society printed this their determination, toge¬ 
ther with all the pieces and materials relating to it, under 
the title of Cominercium Epiilolicum de AnalyJi Pro- 
mota, 8vo, Load. 1712. This book was carefully 
dillributed through Europe, to vindicate the title of the 
Englilh nation to the difeovery ; for Newton himfelf, 
as already hinted, never appeared in the affair : whether 
it was thin, he trullcd his honour with his compatriots 
who were zealous enough in the caufe ; or whither he 
felt himfelf even fuperior to the glory of it. 

M. Leibnitz and his friends however could not (hew 
the fame indifference : he was accufed of a theft ; and 
the whole Cominercium Epiilolicum either expreffes it 
in terms, or infi.uiates it. Soon after the publication 
therefore, a lool’e flieet was printed at Paris, in behalf 
of M. Leibnitz, then at Vienna, ft is written with 
great zeal and fpirit ; and it boldly maintains that the 
Method of Fluxions had not preceded the Method of 
Differences; and even infinuates that it might luveari- 
fen from it. The detail of the proofs however, on 
each fide, would be too long, and could not be under- 
Hood without a large comment, which mull outer iutu 
the deepcil geometry. 

hi. Leibnitz lutd begun to work upon a Commereium 
Epiilolicum, in opposition to that of the Royal So¬ 
ciety ; but he died before it was completed. 

A fecund edition of the Cominercium Epiftolicum 
was printed at London in 1722; when Newton, in the 
preface, account, and annotations, which were added 
to that edition, particularly anfwercd all the objections 
which Leibnitz and Bernoulli were able to make fince 
the Cominercium lirft appeared in 1712 ; and from the 
Tall edition of the Cominercium, with tlie various ori¬ 
ginal papers contained in it, it evidently appeais that 
Newton had difcoveml his Method of Fluxions many 
years before the pretentions of Leibnitz. See alfo 
Raphfon’s Hiilory of Fluxions. 

There a»e however, according to the opinion of fume, 
Arong prefumptions in favour of Leibnitz ; i. c. that he 
was no plagiary : for that Newton was at leall the lirft 
inventor, is pa ft all difpute; his glory is fccure 5 the 
reafonable part, even among the foreigners, allow it : 
and the qucllimi is only', whether Leibnitz took it from 
him, or fell upon the fa mi thing with him ; for, in his 
theory of abltraft notions, which he dedicated to the 
Royal Academy in 167 1, before he had fecn any tiling 
of Newton’s, he trendy fuppofed infinitely fniall quan¬ 
tities, forne greater than others; which is one of the 
great principles of his fyitem. 

Before presenting farther the hiftorv and improve¬ 
ment: of this feienee, it will hr proper to premife fome- 
what of the principles and practice of it, according to 
the ideas of the inventor. 

Print hies of the Method of Fi.rxioxs. 

l. In the doftrine of Fluxions, magnitude’s or quan¬ 
tities, e>f all kinds, are coniidcred, not as made up of a 
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number of fmall parts, but as generated by continued 
motion, by i< can., of winch they iucrcaft or dcercafo: 
a: a l':;e by liic motio:) of .1 point j a furl’ace by the 
motion i,: aline; and a by il.e motion of a fur- 
lac : vi.ieli ro mw prim ipl in gc Ui'.'U y; Fwng 
been u;.ti bs F.urlH .md A re :ip.i i’ IF I'i.-wuc, 
time 1.1 iy be 1 oulidcred as 1 epn, i . nt .u i f n hi e, »•. mail¬ 
ing unh'o.mly by the motion of » p.F'.. .S' d iumn- 

tiiies of all Li.ids wl'.sLev.t, which eve ..npa. F A in- 
civ.ife .tud ,b .-"' .tie, nvty i:' like ma.n;w be .vp.-n ; ' .1 
l<y li;i ;, liniaec:;, «» h;lLF, conlidcr.'d as grr. .'•.•..t ed 
by motion. 

2. Any qnaiitity, thus gcneirli'd. and v.ui ili'e, 3 
called a l'h'.ent, 01 a Ho wing quant:'. 1. A'ul tin rate 
or proport ii n at coaling to whicli any 'Loving quantity 
iiicrcafct, at any piuiiion oriniLaat, i, tiie l'iu.sion 01 
the laid quantity,, at that poiition or hilbc.t: anil it is 
propoitLnal to tbe magnitude by v , 1 ii tin- ii wing 
<juanti y would la uniformly inci'eaf* .:, :n a given linn, 
with the generating celerity uniformly continued du¬ 
ring that. time. 

3. 1 be final I quantities that arc act ally generated 
01 dcfciilred, in any fmall given time, and by ;uip- con¬ 
tinued motion, cither uniform or variable, arc e.tlied In¬ 
crements. 

4 . Hence, if the motion of increafe be uniform, by 
which increments arc generated, the inert incuts will in 
that cafe be proportional, or equal, to the mcafurcs. of 
tbe Fluxion" : lmt if the motion of iucrcaic be accele¬ 
rated, the increments fu generated, in a given finite 
time, will exceed the Fluxion ; and if it be a dccivafing 
motion, the increment fo generated, will be lefs than 
the Fluxion. Hut if the time be indefinitely fmall, fo 
that the motion be coniidered as luiifoim for that 111- 
flant ; then tliefe nrfeent increments will alwav s be pro- 
poitional or equal to the Fluxions, and may be fublti- 
ttiled forthtm, in any calculation. 

5. To illulliate tliefe definitions: Fuppofe a point 
tn be conceived to move from the poll lion A, and to 


as above, to exprefs the Fluxion of the line or baft? 
AP *, mid compete the rettungF l’(>j//. Then, Id'C 
to. Ip is the Fluxion of the Hue A 1 \ P is the {null pa¬ 
rallelogram If/ the Fluxion of tbe <■ nving p raiicto- 
gi-un, d.tjy; loth thclc F’u.-iP: or inert incuts being 
unium.i’y ue'.r l-eti in the l;v.:c t o 

7. lu Ill .■ ii.triii t, i.' li;. i i A F R P he con¬ 
fer. .\I as giu.vai.iil by the plane i‘QJl moving. 



fr-ihe yufll I. 
thr liiii <' i i ; 
line AJL 'i i 
K' V-(>, v.p 
t.tngle A. * I , i 1 


’ F.. alw.i ■ pw;l! -1 to itfelf. along 
m.o It Py de:n le u.c i ijxion of the 
li'te as t p;r;dl log,am I’y, or 
teficu the 1 ! • ■: oi t!-. fl- nving ric- 

hi-ev.iii : . 1 1 •: o.: ti the vault- 


ble tch.i . r Ji.il :i A. ’•'. bCvXp . .1 

P/ X the pluu PR. And. i.i 
cafe-., it nppe.-i.lii.it the Fluxion 
tangle, orj.-f.i', i: equal tv) t! e 
rant, wh -th.riim or plane, d'V.v. 
the hue along »-.!■: i. it move:.. 


1 ;• ; rlim IV, or 

l.uh tbile hiil two 
o' toe giiiiK.ied ree- 
jiio-V'-ri <n tin. gene-. 
n into the Fluxion of 


iS. 1 lit! i 1) tin genersmt, or gen-truing hue nr 
plain', h;.>l.<.n confulered as oi a 1 < nilai.t i-rinvain- 
blc magnitude ; in which cafe the fun.lit, or quantity 
gene.at.d, is a pindlelogram, or .1 pilbn, tin- former 
being dcfci died b\ th. m-. ,ion of a line, and the latter 
by the moti. 1. oi a i.l.un. In like mamtei aieetlur 
figures, \\ 1 a■! 1 .,1 plane ot iohil, conceived to be 1! - 
feiibid, l-.y ijn :m ”... u variable magnit ude, w liether 
it be a line 01 a pLiie. Thus, let a vaik.blc line Pf^be 
carried with u jwiulli i motion along AP, 01 wltilil a 
point P is caniid along, and dJ'ciibw, the line AP, 


tn 



generate a line AP, with a motion any how regulated ; 
and fuppofe the celerity of the point //;, at any poiition 
P, to be filch, as would, if from thence it ibuuld become, 
or continue, uniform, be fnfficier.t to ddciibe, e.r pais 
uniformly over, the diftaneePg, in thc.giu n time allowed 
for the Fluxion : then will the faid line P/> rejirefcnt 
the Fluxion of the faid fluent or flowing iir.v A]’, at 
that po/iticn. 

6 . Again, fuppofe the right line v.n to move, from 
the poiition AJJ, continually pauihM to itfelf. 



v ith any continued motion, fo as to generate the fluent, 
«:r flowing redtangle AliQP, whilfl the yn.int w de- 
fdribes the line APj alfo let the diftanee P/> be taleen, 

1 



fupjiofe another point to be c.uriidby a motion 
perpendicular to the former, and to d, fen In. the lute 
Pt^_: lit /■(/ be another poiition of F(^, iiiiKri'.iiuiy 
ncar to the fi.rnur ; and draw tjw paraliil to A p. 
Now in this caf there arc fevcral fluents or tin.', ,'ng 
quantitii;., with their nfpective Fluxions: viz, the i>nc 
or fltunt AP, the llu> ion of which is ]’/>, 01 Qj-; tii. hue 
orfluuit l’()j the I'luxioii ol which is t/r ; the tillve, 
or oblique line AQ., delcribed by the oblique limtioa of 
the point, the Fluxion of which is O q ; and laitly tin: 
furfaee APQ^, defciihid by the variable line P(^, and 
the riuxion of which is the jedtangle l‘L)//i, or 
FQ_ x Vp. And in the fame manner may any folid 
be conceived to be dcfciibtd, by the motion of n vari¬ 
able plane parallel to itfelf, fubllituting the variable 
plane for the variable Hue ; in which cafe, the Fluxion 
of the folid, at any pofttiou, is rcprcfcnted by the va¬ 
riable* 
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n«' 1 .'le plane, at that pofition, drawn into the Fluxion 
o: tin- hm* along wh'Vh it i:, carried. 

9. Hcne? then it follows generally, that the Fluxion 
0- any figure, whether plane or J’olid, at any pofition, 
in equal to the fertion of it, at that pofition, drawn 
,lln 1I1 ■ Flavian of the axis, orlinea’o 1,; w!iich the va¬ 
riable faction i., fuppofed to be perpendiculaily e.airied j 
i. c. the Fluxion of the figure AQP, is equal the plane 
FQ x Pp when that figure is a (olid, or to the ordi¬ 
nate X P/ when the figure ;r a fuHVve. 

10. It alfo follows, from the fame premifes, that, 
in any curve, or oblique line, A< ) , whole ahfeifs is 
AP, anti ordirate is Pl^, the Fho.foT: of tin ie three 
form a fmaM right-angled plane triangle O '/r; for 
Q ; ’ — P/’ is the Fluxion of the ablciis AP, yr the 
Fluxion of tl.e ridimt' 1 P(,)_, and (.)_ r t the Fluxion of 
the curve or right line At^. And coni, out ntly that, 
111 any emve. tin fqt.”i;c of tlu Fluxion of the curve, is 
l( l l? I to tht fvm of tut fquares of the Fluxions of the 
ahl.iis an.J onfin te, when thefe two lines are alright 
angk; to aili' oiler. 

) i . From the pieniJF-; it alfo app -n;:., th. t eor.tein- 
poi.ineous .'hi.r:.', 01 quantities that fio.v or iueixafe to¬ 
gether, wire!: are always in a conflant ratio to each 
otiui, have tin :r ! in, ■0,1‘i alfo in the fame conflant 
ratio at noy ji-.uit on. For, let AP and BQ^be two 

A . •*"'/ » G 


by .v, that of y by f, and that of a by z. At to the 
Fluxions of conkunt or invariable quantities, as of a, 
by c, 8 c c, they are equal too or nothing, becaufc they 
do not flow, or change their magnitude. 

Thirdly, that the increments of variable or flowing 
quantities, are alfo denoted by the fame letters with a 
fmall (') over them: So the increments of x, y, z, 
are s, y, ». 

13. From thefe notations, and the foregoing princi¬ 
ples, the quantities and their Fluxions, there confider- 
ed, will he denoted as below. 

In all the foregoing figures, put 
the variable or flowing line ... AP = x, 

in art. fi, the conflant line - PQ_ — a, 

in art. N, the variable ordinate - - PQ_ v, 

the variable - curve or right line - - A(fp— % ; 

Then fhalltltefever.il Fluxions he thus reprefeuted, viz, 
x — Pp the Fluxion of the line AP, 
a\- — PQ_ i/p the Fluxion of A 13 QJP in art. 6, 
yx zz P <lpp the Fluxion of APQJn art. S, 
z = Q y = \^v- +j* the Fluxion of AQ_, 
and«; = Pr the Flux, of the fulid in art. 7, if 

a denote the conflant generating plane PQR. 
Alfon.v— BQ^in the figure to art. x I, 
and «v = Qg/ the Fluxion of the fame. 

14. The principles and notation being now laid 
down, we may proceed to tile practice and rules of this 
dodlrinc, which couiilts of two principal parts, called 
the direct and inverfe method of Fluxions ; viz, the 


contemporaneous fln-n's, deG’iilud in the fame time by 
the motion nl the p'u’i.ls P and O , the contemporaneous 
pofi; ions hi ing P, and p, y ,• ai d let AP be m BQ_, 
or Agio By, in the conflant ratio of /.> to 1. " 

Then is - - . AP r n >< P-O, 

an<1 . ■ ; Ap - n x B 7; 

therefore byfub'.raiftion, - ]y, ~ z x q , . 

that is, tlu- Fluxion P'> ; Fluxion Qy : : h : 1, 
the fame as Fluent AP : Fluent Bt^: ; n : t ; 
or the Fluxions and Fluents are in the fame (Militant 
ratio. 

But if theratio of the fluents he variable, fo will that 
of the Fluxions be alfo, though nut m i;, v - fame va¬ 
riable ratio with ttie former, at everv pofitio-i. 

7 /v A utiit'raiy in MrY.i^vi, 

12 - To apply the foregoing pt iueiph s to the (Fter¬ 
mination of the I‘Iu\: m e* algehiaic quantities, hv 
means of which thofe of .ill other kinds a: e detciminc.!. 
it will be necefl.ii\ full to premile the notation t f<- : in 
this feienee, with fume obfervatious. At., i‘..il. thut. 
the final letten, of the alphabet y, .v, re, Ac, a.e 
ufi d to denote variable or flowing quant it icr ; and the 
initial letters a, b, r, //, &c, 0 ”i' , ant or invariallc 
ones 1 1 bus, tfic vanalile bale AP oi t.ie th ■ u 1: r rec¬ 
tangular figure A BOP, at art. 6. may be ivrieK „t. d 
by .v ; and the invariable altitude I'Q , by I ;,lf 0 the 
variable bah 1 or able us AP, of tin figures ui art. 
may be repiefeuteil 1 y a ; the vanuhlc > ului.ite PO , 
by v ! and the variable curve or but* AO , hv -a. 

Secondly, that the Flexion of a quant it v denoted 
by a lingle letter, is nprel'ented by the fame h tier w it !i 
a point over it; Thus the Fluxion of" x is exp reded 


direct mi tlu>d, which confiils in finding the F'luxion of 
any pro jin fed fluent or flowing quantity ; and the 111- 
verfc method, which confiils in rinding trie fluent of any 
propofeil Fluxion. As to trie former of thefe two 
problems, it can always be determined, and tliat in iiuile 
algebraic terms; bill the latter, or finding of fluents, 
only in imne certain cutes, except bj means of ialiifte 
feries.-—F'irfl then, of 


7 be Dirfil PL,hod of Fj.uxmxs. 


15. To find the Fluxion of the product or rcclaii- 
gle of two variable quantities ; 

let ARf^P — ,w be the flow-" ■ . 

ing or variable iccianglc, gene- r.i "x A ■7’^T" 
rated by two lines lb(j_ and Pg)_ s . ^ ' \ 

moving always ptrpeudicular to , ' y : 

each other, from trie poiitions / > ■ 

AP and AR ; denoting trie one ^--j f ^ 

by v, and the other by v ; and 
fuppofc -v and y to be fo relaied, that the curve 
always paiii s through their inlerkdion (^, ortricop- 
pofite angle of the rectangle. 


Now this rectangle confiils of the two trilineal 
fpnees AP(^, ARt^, of which the Fluxion of the 
former is X P/> 1 r yv, and that of the latter is 

RQ_X R-r or ,vr, bv art. iS ; therefore the fum of the 
two, Ay + a->, is the Fluxion of the whole rectangle 
•vv or ARQP. 

7 he fame utlrr-v’/f .—Let the fiiles of the redlangle, 
a and v, by flowing, become .v + xandy -h y : then 
the product of the two, or .yy + ,' v -1- \v + yy wdl 
be the new or contemporaneous value of tl.ic flowing rec¬ 
tangle. PR or .vy ; fu’.-traci the one value from the other, 

and 
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anti the remainder xy + *y + \y* will be the incre¬ 
ment generated in the fame time as / or/ ; of which 
the lail term .»/ is nothing, or indefinitely' fmall in 
refpe&of the other two terms, becaufe .v and / are in¬ 
definitely fmall in refpeC.t of x and y ; which term 
being therefore omitted, there remains xy -f- xy for the 
value of that increment: and hence, by fubilituting 

* and y for /and/, to which they are proportional, 
there arifes xy + xy for the value of the Fluxion of xy ; 
the fame as before. 

17. Hence may be derived the Fluxions of all powers 
and products, and of all other forms of algebraic quantities 
whatever. A nd firll for the continual products of any 
number of quantities, as xyz, or wxyz, or vwxyz, &c. 
For xyz put 7 or pz, fo that p = xy, and xy* = />* = 7. 
Now, taking the Fluxion of 7 = pz, by the lull arti- 

■cle, it is g — pz + pz ; but p sr xy, and fo/ = 
xy + *7 by the fame article; fubilituting therefore 
thefe values of p and p inftead of them, in the value of 
/), this becomes 7 =r xyz -f- xyz -f *v)" 5 » the Fluxion 
of ays requited ; which is thcrefoie equal to the fum of 
the products ariling from the Fluxion of each letter or 
quantity multiplied by the product of the other two. 

Again, to determine the Fluxion of wxyz, the con¬ 
tinual product of four variable quantities; put this 
product, vi/., wxyz or qw = r, where 7 = xy* as 
above ; then, taking the Fluxion by the lail article 
r = qw + q<u> ; and this, by fubilituting for 7 and 7their 
values as above, becomes 

r = wxyz + wxyz + wxyz + wxyz, the Fluxion of 
wxyz as required; confifting of the Fluxion of each 
quantity drawn into the products of the otlier three. 

In the very’ fame manner it is found that the 
Fluxion of vwxyz is 

• • • • • . - 
vwxyh -f- vwxyz + vwxyz + vwxyz + vwxyz ; and fo 
on, for any number of quantities whatever; in which 
it is always found that there as many terms us there are 
variable quantities in the propofed fluent, and that thefe 
terms conlilt of the Fluxion of each variable quantity 
multiplied by the product of all the reft of the quan¬ 
tities. 

18. From hence is eafily derived the Fluxion of any 
power of a variable quantity, as of **, or x J , or x*, 
8 cc. For, in the rectangle or product xy, if * = y, 
then is the prtxhiCt xy rr xx or x % , and alfo its Fluxion 
xy 4. -;v = \x -f- xx or ax<, the Fluxion of a*. 

Again, if all the three x, y, » be equal ; then is 
the product of the three xyz zs xxx or .v*; and its 
Fluxion ijrs -f- xyz + xyz = xxx + xxx + xxx or 
3.v’v, the Fluxion of a 3 . 

And in the fame manner it will appear that the 
Fluxion of is = 4, 3 v, 

tliat of ,r* is — $x*x, 

that of a B is = »x" *.<■; 

where n is any pofitive whole number. That is, the 
Fluxion of any pofitive integral power, is equal to the 
exponent of the power (»), multiplied by the next 

lefs power of the fame quantity (x n *), and by the 
Fluxion of the root (■»•). 


io. Next, for the Fluxion of any fraction, as - 

S 

of one variable quantity divided by another; put the 

x 

propofed fraction - sz q 1 then multiplying by the de¬ 
nominator, x — qy 1 and, taking the Fluxions, 

X ss qy + zy» or qy sss x—qy f and, by divifion, 

7 — - — —= (by fubilituting the value of 7, or — 

y y y 

—~ — ss ** the Fluxion of -, as required. 

y y y y 

That is, the Fluxion of any fraction, is equal to the 
Fluxion of the numerator drawn into the denomina¬ 
tor, minus the Fluxion of the denominator drawn into 
the numerator, and the remainder divided by the fquarc 
of the denominator. 


20. Hence too is eafily derived the Fluxion of any 
negative integer power of a variable quantity, as of 
— n * 

* or — , which is the fame thing. For here the 

numerator of the fraction is 1, whofe Fluxion isnothingj 
and therefore, by the lail article, the Fluxion of fuch a 
fraction, or negative power, is barely equal to minus the 
Fluxion of the denominator, divided by the fquare of 
the faid denominator. That is, the Fluxion of 

„ “* n * • »r n ” 1 * fix 

a , or-, is--- or — . - 

x“ a 1 " x «« 

or — nx '*} which is the fame rule as before for 

integral powers. 

Or, the fame thing is otherwife derived immediately 
from the Fluxion of a rcCtangle or product, thus : put 

the propofed fraction, or quotient, — = 7 ; then is 

a" 

= J ; and, taking the Fluxions, 

71- + qnx x = o i lienee q\=s— qnx 
and (dividingby x"), 

q=- = (by fubilituting for 7), "*■ or 

A" T 8 

— nx ” 1 * ; the fame as before. 


3i. Much in the fame manner is obtained the 

Fluxion of any furd, or fractional power of a fluent 

. - - » / m _ 
quantity, as of a'» or V a- . For, putting the pro- 

TTl 

pofed quantity - - ,v” = 7, then, 

raifing each to the n power, x" = 7" • 

take the Fluxions, - mx m ~ — nq n ~ *q ; 


n — 1 

divide by nq , - q 


mv® V 


nq 


„m— 1 • 
m x 


nr 


ffj “ I 

—.r" .<•: which is ilill the fame rule no before, for 

a 


finding the Fluxion of any power of a fluent quantity, 
and which is therefore general, whether the exponent 
be pofitive or negative, or integral or fractional. 

2-t. For 


7 
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22. For the Fluxions of 
Logarithms: J.ct A be the 
principal vertex of an hyperbo¬ 
la, having its afymptotes CD, 

CP, with the ordinates DA, 

BA.PQ, &c, parallel to them. 

Then, from the nature of the 
hyperbola, and of logarithms, it 
is known that any fpare ABPQis the log, of the 
ratio of CB to CP, to the modulus ABCD. Now 
put t = CB or BA the fide of the fquare or rhombus 
1 >B ; m = the modulus, or a$:a of 1 )B, or fine of the 
angle C to the radius l ; alfo the abfeifs CP =r .r, and 
the ordinate PQ_ = y. Tlicn, by the nature of the 
hyperbola, CP X PQ^i.? always equal to DB, that is, 

xy = m ; lienee y — —, and the fluxion of tliefpacc, 
or xy is — = PQ qp the fluxion of the log. of ,v, to 

A* 

the modulus m. And in the ordinary hyp. logarithms 

the modulus m being i, therefore - is the fluxion of 

the hyp. log. of x ; which is therefore equal to the 
Fluxion of the quantity, divided by the quantity itfelf. 
And the fame might he brought out in fcveral other 
ways, independent of the figure of the hyperbola. 

23. By means of the Fluxions of logarithms, are de- 
termined thofe of exponential quantities, i. e. quan¬ 
tities which have their exponent alfo a flowing or va¬ 
riable quantity. Thefe exponentials are of two kinds, 
viz, when the root is a eonllant quantity, as e x ; and 
when the root is variable, as v*. 

In the former cafe, put the propofed exponential 
<•' = a, a fingle variable quantity; then take the 
logarithm of each, fo fhall log. of ss = .\'X log. of e ; 

take the fluxions of thefe, fo fliall — = -v X log. ofr; 

hence a. = ~x x log. of e — e' * X log. of e, the 
fluxion of the propofed exponential e' ; aud which 
therefore is equal to the fin'd propofed quantity, drawn 
into the fluxion of the exponent, and alio into the log. 
of the root. 

24. Alfo in the 2cl cafe, put the exponential y' ~ % ; 
then the logarithms git clog, s — a X log. y, and the 

fluxions give — = v X log. y + x X — ; hence = 

* y 

roi X log. y + = (by fubftituling v* for a) 

y' .<• X log. y + xy* ~ *v. is the fluxion of the propofed 
exponential y x ; which therefore eonfilts of two terms, 
•of which the one is the fluxion of the propofed quan¬ 
tity conlidcring the exponent only as eonllant, and 
the other is the fluxion of the fame quantity coufidcr- 
ing the root as coiiflant. 

Of Second, Third, Fluxions.—H aving explain¬ 

ed the manner of confidering and determining the ill'll 
fluxions of flowing or variable quantities; rt remains 
now to confider thofe of the higher orders, as 2d, 3d, 
4th, &e, fluxions. 

2J. If the rate or celerity with which any flowing 
•quantity changes its magnitude, he eonllant, or the 
fame, at every pofition; then is Ihe fluxion of it alfo 
Vol. I. 



conftantly the fame. But if the variation of magnitude 
be continually changing, either increafing or decreasing; 
then will there be a certain degree of fluxion peculiar to 
every point or pofition ; and the rate of variation or 
change in the fluxion, is called the Fluxion of the 
Fluxion, or the fecund Fluxion of the given fluent quan¬ 
tity. In like manner, the variation or fluxion of this 
2d fluxion is called the third Fluxion of the firfl pro¬ 
pofed fluent quantity ; and fo on. 

And thefe orders of fluxions arc denoted by the 
fluent letter or quantity, with the eorrefponding num¬ 
ber of points over it ; viz, 2 points for the 2d fluxion, 
3 for the 3d fluxion, 4 for the 4th fluxion, and fo on. 
bo the different orders of the fluxions of .r, aic 

x, -i’, x, x, ; where each is the fluxion of the one 
next hefo’-e it. 

26. This defeription of the higher orders of fluxions 
may be illullratcd by the three figures at the 8th ar¬ 
ticle; where, if a 4 denote the abfeifs AP, and y the 
ordinate PQj and if the ordinate PQjor y flow along 
the abfeifs AP or x, with an uniform motion ; then 
the fluxion of .v, viz v = P/> or Qr is a eonllant quan¬ 
tity, or .v — o, in all the figures. Alfo, in fig. 1, in 
which AQJs a right line,y is ~ rq, or the fluxion of 
PQj is a eonllant quantity, or y = o ; for, the angle 
Q, — the angle A, being eonllant, Q r is to rq, or * to 
y, in a coiiflant ratio. But m the 2d figure, rq, or the 
fluxion of P(^» continually increafes more and more ; 
and in lig. 3 it continually decreafes more and morej 
and therefore in both thefe cafes y has a 2d fluxion, 
being pofitive in fig. 2, but negative in fig. 3 : and foon 
for the other orders of fluxions. 

27. Thus, if for initancc, the nature of the curve 
be fucli, that a 3 is everywhere equal to n-y ; then, taking 
the fluxions, it is tpy = 3 a 1 a - ; and, coufideriug x ai- ' 
ways as a eonllant quantity, and taking always the 
fluxions, the equations of the fcveral orders of fluxions 
will be as below ; viz. 


the jfl fluxions try = 3#**, 
the 2d fluxions a % y — 6 x.i t , 
the 3d fluxions u x y = 6v 3 , 
the 4th fluxions n-y = O, 
and all the higher fluxions ss o or nothing. 

Alfo the higher orders of fluxions are found in the 
fame manner as the lower ones. 'I'll us. 

The ill flux, of y* is - - $yy ; 

its 2d flux, or flux, of 3y*f, con- ~| 
fidereel as the reftangle of jy* J- 
and.r, is - J 

and the flux, of this again, or the £ 

3d fluxion of y\ is 
28. T11 the foregoing articles, it has been fuppofed 
that the fluents inc.eale ; or that tlieir fluxions are po. 
fitivc; but it often happens that l'omc fluents decrcafo, 
and that therefore their fluxions are negative : arid 
whenever this is the cafe, the fign of the fluxion mutt 
be changed, or made-contrary to-that of the fluent. So, 
of the ledangk .yy, when both ,v and y increafe together, 
the fluxion is <y + xy : but if one of them, as y, de- 
creafe-, w idle the other,*, iucreal’es; then the fluxion 
uf y being — y, the fluxion of .vv will in that cafe he 
y a>*. This may be iiluilratcdby the annexed rec- 

3 R tangle 


+ fyy* i 

j. 3j-ji 4-18yr> : + 6 y\ 
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tangle APQR = xy, fuppofed to 
be generated by the motion of 
the line PQ^from A towards C, 
and by the motion of the line 
RQ from 6 toward* A: For, 
by the motion cf PQ^» from A 
towards C, the rrftangle is in- 
creafed, and its fluxion is + *y> 
but by the motion of RQ , from 
B towards A, the reft angle is dccrcafed, and the fluxion 
of the decreafe is xy ; then fore, taking the fluxion of 
the decreafe from that of the increafe, the fluxion of the 
reft angle xy, when x increafcs andy decreafes, is xy — .\y. 

For the Inverfc Method, or the finding of fluents, 
fee Fluent. And for the feveral applications of this 
fcienceto Maxima and Minima, the drawing of Tan¬ 
gents, &c, fee the refpeftive articles. 

An idea of the principles of Fluxions being now de¬ 
livered, as above, we may next confider fomewhat of the 
chief writings and improvements that have been made 
by divers authors, fince the fir ft difeovery of them : in¬ 
deed fome of the chief improvements may be learned 
by ctmfulting the preface to Dr. Waring’s Medita- 
tiones Analytic;*:. 

The inventor himftlf brought the doftrine of Flux¬ 
ions to a confiderable degree of perfection ; as may be 
feen by many fpecimens of this fcience, given by him ; 
particularly in his Principia, in his Traft on Quadra¬ 
tures, and in his Treatife on Fluxions, publifhed by Mr. 
Cglfon; from all which it will appear, that he not only 
laid down the whole theory of this method, both direft 
and inverfe ; but alfo applied it in prafticc, to the fo- 
lution of many of the molt ufeful and important pro¬ 
blems in mathematics and philofophy. 

Various improvements however have been made by 
many illuftrious authors on this fcience ; particulaily 
by John Bernoulli, who treated of the fluents belong¬ 
ing to the fluxions of exponential expreflions; James 
Bernoulli, Craig, Chcyne, Cotes, Manfredi, Riccati, 
Taylor, Fagnanus, Clairaut, D’Alembert, Euler, Con- 
doicet, Walmefley, Lc Grange, Emcrfon, Simpfon, 
l.anden, Waring, &c. There are feveral other trea- 
tifes alfo on the principles of Fluxions, by Hayes, 
Newyentyt, L’Hopital, Hodfon, Rowe, &c, &c, de¬ 
livering the elements of this fcience in an eafy and fa¬ 
miliar way. 

FLY, in Mechanics, a heavy weight applied to cer¬ 
tain machines, to regulate their motions, as in a jack, 
or to increafe their effeft, as in the coining engine, &c; 
l>y means of whicli the force of the power is not only 
preferred, but equally diilributed in all the parts of the 
revolution. 

The Fly is cither like a crofs, with heavy weights 
at the ends of its arms ; or like a heavy wheel at right- 
angles to the axis of motion. It may be applied to 
various forts of engines, whether moved by men, horfes, 
wind, or water ; and is of great life in thofe parts of an 
engine having a quick circular motion, and where the 
power of refiftance afts unequally in the different 
parts of a revolution. I11 this cafe the Fly becomes a 
moderator, making the motion of revolution almofl 
everywhere equal. 

FLYERS, in Architefture, fuch flairs as go ftraight, 
and do not wmd round, nor have the fteps made taper- 
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ing, but equally broad at both ends. Hence, if one 
flight do not rile to the top of the Rory &c, there is a 
broad half pace, and then commonly another fet of flyers. 

FLYING, the progreffive motion of a bird, or other 
winged animal, through the air. 

The parts of birds chiefly concerned in Flying, are 
the wings and tail: by the former, the bird fultains 
and wafts himfelf along ; and by the latter he is ailifted 
in afeending and defeending, to keep his body poifed 
and upright, and Ready. The wings are extended or 
Rretehcd quite out, and then Rruck forcibly down¬ 
wards againft the air, which by its reiiilance raifes the 
bird upwards ; then to make another Rroke, the wing, 
by means of its joints, readily clofes in fome degree, 
prefenting the (harp edge of the pinion foremoR to cut 
the air, and drawing the collapicd feathers after it like 
a flag, to diminith the refi fiance to the afeent as much 
as pofiiblc; the wing and feathers are then Rrctched 
out horizontally again, and another downward Rroke 
made, which raifes the bird ftill higher ; and fo on as 
far as he plcafcs, or as the denlity of the air will i'uf- 
tain him ; performing thofe motions of the wings very 
rapidly, that the flight may be the quicker. 

Artificial Flying, is that attempted by men, See, by 
the alliftance of mechanics. 

The art of flying has been attempted by feveral per- 
fons in all ages. Friar Bacon, about 500 years ago, 
not only afferts the poffibility of flying, but affirms that 
he himfelf knew how to make a machine with which 
a man might be able to convey himft lf through the 
air like a bird; and further adds, that it had been 
tried with fuccefs. Though the faft is to be doubted, 
if, as it was faid, it confiiled in the following method; 
viz, in a couple of large thin hollow copper globes, ex- 
haufied of air; which being much lighter than air, 
would fuftain a chair on which a perfon might fit. Fa¬ 
ther Francifco Lana, in his Prodrome, propofes the 
fame thing, as his own thought. He computes, that 
a round veffel of plate-brafts, 14 feet in diameter, weigh¬ 
ing 3 ounces the fquare foot, will only weigh 1848 
ounces ; whereas a quantity of air of the fame bulk 
, will weigh near 2156 ounces; fo that the globe will 
not only be fuftainedin the air, but will carry with it 
a weight of 304 ounces ; and by incrcafing the fize of 
the globe, the thicknefs of the metal remaining the 
fame, lie acids, a veffel might be made to carry a much 
greater weight. But the fallacy is obvious : a globe of 
the dimenfions he deferibes, as Dr. Hook obferves, 
would not fullain the preflure of the air, but be eruflicd 
inwards. Indeed it is not probable that fuch a globe 
can be made of a thinnefs fufficient to float in the at- 
mofphere after it is exhaufted of air, and yet be flrong 
enough to fuftain the comprclfing force of the atino- 
fphere. But for this purpofe it ieems that the globe 
fhould he filled with an air as claltic or ftrong as the at- 
mofphere, and yet lie very much lighter ; luch as haa 
lately been ufed in the Mongolfiers and Balloons ; the 
former of which is filled with common air heated, fo as 
to be more elaftic, and lefs heavy; and the latter with 
inflammable air, which is as elaitic as the common air, 
with only about one tenth of its weight. And thus 
the idea of flying, or rather floating, in the air, has 
been lately realized by the moderns, ufing however a 
different fort of air. See Aerostation. 
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The fame author defcribcs a machine for Flying, in* 
vented by the Sicur Befnier, a fmith of Sable, In the 
county of Main. See Philof. Collec. numb. I. 

By the foregoing method however, at beft, only a 
method of floating can be obtained, like a log floating 
in a current; but not of Flying, which confifts in mov¬ 
ing through the air, independent of any current; and 
which muft be cffc&ed by fomething in the nature of 
wings. Attempts of this latter kind alfo have indeed 
been made by feveral perfons of late years; but it does 
not appear tnat any of them have been attended with 
fuch fuccefs as to induce the authors of thofe attempts 
to make them public. The philofophers of lung Charles 
the fecond’s reign were much bufied about this art; 
and the celebrated biihop Wilkins was fo confident of 
fuccefs in it, that he fays, he docs not queftion but in 
future ages it will be as ufual to hear a man call for 
his wings, when he is going a journey, as it is now to 
call for his boots. 

The itory of the flight of Daedalus is well known. 

Flying Pinion , h part of a clock having a fly or 
fan with which to gather the air, and fo bridle the ra¬ 
pidity of the clock’s motion, when the weight defeends 
in the finkin'- part. 

FOCAL DiJ (ante, the Diftance of the Focus, which is 
fometimes underftood as its diftance from the vertex, as 
in the parabola; and fometimes its diftance from the 
centre, as in the ellipfe or hyperbola. 

FOCUS, in Geometry and the Conic Sections, it 
applied to certain points in the Ellipfe, Hyperbola, and 
Parabola, where the rays reflected from all parts of 
thefe curves do concur or meet; that is, rays ifluing 
from a luminous point in the one focus, and falling on 
all points of the curves, are reflected into the other Fo¬ 
cus, or into the line directed to the other Focus, viz, 
into the other Focus in the ellipfe and parabola, and 
dire&ly from it in the hyperbola. Which is the rcafon 
of the name Focus, or Burning-point. Hence, aB the 
one Focus of the parabola is at an infinite diftance; 
and confequcntly all rays drawn from it, to any finite 
part of the curve about the vertex, are parallel to one 
another ; therefore if rays from the fun, or any other 
obje& fo diilant as that thofe rays may be accounted 
parallel, fall upon the curve of a parabola or concave 
iurfacc of a paraboloidal figure, thofe rays will all be 
reflected into its Focus. 

Thus, the rays iy, from the Focus f, are reflected in 
the dire&ion PF, into the other Focus F, in the ellipfe 
and parabola, and form the Focus F, into FQj in the 
hyperbola. 

In all the three curves, tlie double ordinate CD 
drawn through the Focus F, is the parameter of the 
axis, or a 3d proportional to AB and ab, the tranfverfe 
and conjugate axes. 

In the ellipfe and parabola, the tranfverfe axis is 
equal to the Turn of the two lines PF + Pf, drawn 
from the Foci to any point P in the curve ; but in the 
hyperbola, the tranfverfe is equal to the difference of 
thofe two lines. That is, 

AB = PF + iy in the ellipfe and parabola, 

AB = PF — iy in the hyperbola. 

In the ellipfe and parabola, the fquare of the dif- 
tance between the Foci, is equal to the difference of 
the fquarcs of the two axes ; and in the hyperbola, it 
i& equal to the fum of their fquares : that is 


f / 4 = A B* — ab* in the ellipfe and parabola. 

F/* = AB* -f- ab* in die hyperbola. 

Therefore the two femi-axes, with the diftance of 
the Focus from the centre, form always n right-angled-' 
triangle FaE, or AaE. 



In all the curves, the conjugate femi-axis is a men 
proportional between the diftances of either Focus from 
cither end of the tranfverfe axis: that is, 

AF : E« :: En : FB, 
or Ea* = AF . FB . 

If there be any tangent to thefe curves, and two 
lines drawn from the Foci to the point of contadl; 
thefe two lines will make equal angles with that tan¬ 
gent. 

So, if GPG touch the curve at P; 
then is the angle FPG =• 4 /PG. 

If a line be drawn from either Focus, perpendicular¬ 
ly upon a tangent; the diftance of their intcrfe&iou 
from the centre will be equal to the femi-tranfverfe 
axis. So, if FH or /"H be perpendicular to the tan¬ 
gent PH ; then is EH = EA or EB. Consequently, 
tlie circle deferibed on the diameter AB, will pair 
through all the points H. 

The foregoing are the chief properties that are 
common to the Foci of all the three conic fcCtiou*. 
To which may be added the following properties 
which are peculiar to the parabola : viz. 

In the parabola, the diftance from the Focus to the 
vertex, is equal to ■£- of the parameter, or half the ordi- 
nate at the Focus: viz, AF = J FC. 

Alfo, a line drawn from the Focus to any point in 
the curve, is equal to the fum of the Focal diftance 
from the vertex and the ahfeifs of the ordinate to that 
point: i. e. FP = AF + Al. 

If from any point of a parabola there he drawn a 
tangent, and a perpendicular to it PK, botk to meet the 
axis produced 5 then the focus will be equally diftant 
from the two interfeclions and the point of conta&: 
i.e. FG = FP = FK. 
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Hence aUb lhe fubnonnal- IK is.— zAF or = I*'C 
the femi-parameter. 

Tlie line drawn from- the Focus to any point of 
the carve, is equal to the parameter of the diameter 
to that point: i. c.- EP = i the parameter of the dia¬ 
meter P f. 

If an ordinate to any diameter pafs- through the 
Focus, it will he equal to half its parameter ; and its 
abfeifs equal to £ of the lame parameter; or the abfeifs 
equal tohalf the ordinate: i. e. PL.= *MN = JL.M 
or'LN. 

Focus, in Optics, is n point in which fevcral rays 
meet, and are collefcled, after being either reflected or 
refracted. It is fo called, becaufc the rays being here 
brought together and united, their force and effect arc 
increaied, infomuch as to be able to burn ; and there¬ 
fore it is that bodies are placed in this point to be 
burnt, or to Ihew the effect of burning glalfes, or mir¬ 
rors.—It is to be obferved however, that in practice, 
the Focus is not an abfolutc point, but a fpacc of fume 
{mail breadth, over which the rays are fbaltered ; ow¬ 
ing to the different nature and rcfrangibility of the 
rays ofJight,and to tin. imperfections in the figure of the 
lens, See. However, the 1’maDer this fpace is, the better, 
or the nearer to perfection the machine approaches. 
Huygens fhews that the Focus of a lens convex on both 
fid;>, ha» Its breadth equal to * of the thickuefs of. the 
lens. 

Virtual Focus, or Point of Divergence, fo called by 
Mr. Mohnettx, is the point from whence rays tend, 
after refraction or reflection ; being in. this re (pert op- 
pofed to the ordinary Focus, or Point of Concurrence, 
where rays arc made to meet after refraction or reflec¬ 
tion. Thus, the Foci of an hyperbola are mutually 
Virtual Foci to each other; hut, in an cIHpfc, they 
are common Foci to each other: for the rays are re- 
tllifted from the other Focus in the hyperbola, but to- 
wards it in the ellipfc ; as appears by the figures at the 
beginning of lids article. 






And, in Dioptrics, let ABC be the concavity' of a 
gluts, whofe centre is D, and axis D.F.; Let FG be a 
ray of light falling on the glafs, parallel to the axis DE ; 
this ray FG, after it has pafled through the glafs, at 
its etnerfion at G will not proceed direClly to H, but 
be refraited'from the perpendicular DG, and will be¬ 
come the ray- GK, which being produced to meet the 
axis in E, this point E is the Virtual Focus, as the 
ray is rcfra&ed from this point. 

Rules for the Foci of I-enfes and Mirrors . 

I. In Catoptrics, or Lenfes. 

1. The Focus of a convex glafs, i. e. the point 
♦here parallel rays tranfmitted through a convex glafs, 


wliofe furface :» the fegment of a fphere, do unite, is 
diflant from the pole or vertex of the glafs, almoft a* 
diameter and half of the convexity.—2. In a Plano- 
Convex glafs, the Focus of parallel rays is diflant from- 
the pole of the glafs a diameter of the convexity," if' 
the fegment do uot exceed 30 degrees. Or the rule- 
in Plauo-Convex glades- is, As 107 ; 193 :: fo is the ra¬ 
dius of convexityto the refra&cd ray taken to its- 
concourfe with the axis ; which in glades of larger 
fpheres is almoft equal to: the diilance of the Focus 
taken, in. the axis,—-3. In Double-Convex glades of the 
time fphere,.the Focus is. diflant from the pole of the 
glafs about the radius of the convexity, if the fegment 
be but 30 degrees. But when the two convexities arc- 
unequal, or fegments of different fpheres, then -the rule 
is. As the fum of the radii of both convexities: to the 
radius of either convexity alone: :foi» double the radius 
of the other convexity : to the diilancc of the Focus. 
—Here obferve, that the rays which fall nearer the 
axis of any glafs, arc not united w : th it fo-near the 
pole o£ the glafs as. tliofe farther off.: nor will the 
Focal diilancc be fo great in a plano-convex glafs*. 
when the convex fide is towards the objtdt, as when 
the plane fide is towards it. And hence it is truly 
concluded, that, in viewing any object by a plano-con¬ 
vex glafs, the convex iidc. fhould always be turned out¬ 
ward ; as alfo iu bin ning by fueli a glafs. 

II. For the Virtual Focus, obferve 

1. That in Concave glafTes, when a ray falls from 
air parallel to the axi., the Virtual Focus, by its firfL 
rcfra&ion, becomes at the diilancc of a diameter and a 
half of the concavity.— 2. In Plano-Concave glades, 
when the rays fall parallel'to the axis, the Viitual 
Focus is diilant from the glafs, the diameter of the 
concavity.—3. In Plano-Concave glafTes, as 107 : 193 :: 
fo is the radius of the concavity: to the diilancc of the 
Virtual Focus.—4. In Double Concaves of' the fame 
fphere, the Virtual Focus of parallel rays is at the dis¬ 
tance of the radius of the concavity. But, whether- 
the concavities be equal or unequal, the Virtual Focus, 
or point of divergency of the parallel rays, is deter¬ 
mined by this rule; As the fum of the radii of both 
concavities : is to the radius of" either concavity : : fo 
is double the radius of the other concavity : to the 
ditlance of the Virtual Focus.—5. In Concave glades* 
expofed to converging rays, if the- point to which the 
incident ray converges, be farther diflant from the glafs 
than the- Virtual Focus of parallel rays, the rule for 
finding the Virtual Focus of this ray, is this; As the 
difference between the diilancc of this point from the 
glafs, and the diilancc of the Virtual Focus from the 
glafs : is to the diilancc of the Virtual Focus : : fo is 
the distance of this point of convergence from the glafs : 
to the diftance of the Virtual Focus of this converg¬ 
ing ray.—6. In Concave glafTes, if the point to which, 
the incident ray converges, be nearer to the glafs than 
the Virtual Focus of parallel rays, the rule to find 
where it crofles the axis, is this; As the cxcefs of the 
Virtual Focus, more than this point of convcrgency : 
is to the Virtual Focus : ; fo is the diftance of this 
point of convcrgency from the glafs : to the diftance 
of the point where this ray erodes the axis. 


III. 
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HI. Practical Rules for foiling the FoCl of Glaffis. 

i. To find, by experiment, the Focus of a convex 
fphcrieal glafs, being of a fmall fpherc j apply it to 
the end ofa fcale of incites and decimal parts, and ex- 
pofc it before the fun ; upon the fcale may be feen the 
bright interfeftion of. the rays meafured out: or, ex- 
pole it in the hole of a dark chamber; and where a- 
white paper receives the diflindt reprefen tat ion of 
diftant objects, there is the Focus of the glafs.—2. For 
a glafs of a pretty long Focus, obferve feme diftant ob¬ 
ject through it, and recede from the glafs till the eye 
perceives all in confufion, or the objctl begins to ap¬ 
pear inverted ; then the eve is in the Focus.—3. For 
a Plano-Convex glafs : make it refiedt the fun againft 
tile wall; on the wall will then be feen two forts of 
light, a brighter within another more obfeure: with¬ 
draw the glafs from the wall, till the bright image be 
in itsleaft dinienlions ; then is the glafs. diftant from 
the wall about a fourth part of its Focal length.—4. 
For a Double Convex : expofe each fide to the fun in- 
like manner; and obferve both the diftanccs of the 
glafs from the wall : then is the ihil diftauce about 
half the radius of the convexity turned from the fun ; 
and the fecund is about half the radius of tiie other 
convexity. The radii of the two convexities being 
thus known, the Focus is then found by this rule ; 
As the ftim of the radii of both convexities : is to the 
radius of either convexity : : fo L double live radius of 
the other convexity : to the diilance of the Focus. 

IV. To foil the Fori of all Glajfcs Geometrically. 

Dr. Halley has given a general method for finding 
the Foci of J'phrrical glades of all kinds, both concave 
and convex; expofed to any kind of rays, either paiallel, 
converging, or diverging ; ns follows : To find the 
Focus of any parcel of rays diverging fiom, or con¬ 
verging to, a given point in the axis of a lplu rieal lens, 
aiui making the fame angle with it; the ia.it> of tlie 
fines of refraction being given. 



Suppofe OI. a lens ; P a point in its fr.rf.icc ; V its 
pole; C the Centre of the Jpheric«l fegme it ; O the 
object, or point in the axi„, to or fu>m which the rays 
proceed; and OP a given ray : and flipped- the ratio 
of refraction to be as r to .r, '1 lien making Civ to 

CO, as s to v for the immci fion of a ray, or as /■ to s 
for the cmrrlion (i. e. as the lines o f the angles in the 
medium which the ray enters, to the correfponding 
fin-";, in the medium out of which it comes) ; and lav¬ 
ing CR'from C towards O, the point. R will be the 
fame for all the rays of the point O. Laftlv, drawing 
the radius PC, continued if nccelf.try; with the centre 
K, and dilunce OP, deiaibe an arc into lev ti..g TC in 


Q.. The line QR, being drawn, fhall be parallel to- 
the reflected ray; and PF, being made parallel to it, 
fliall interfeft the axis in the point F, the Focub fought. 
—Or, make as CQ: CP :: CR : CF, which will be 
the diilance of the Focus from the centre of the fphere. 
—And from this general conitru&ion, he adverts to a 
number of particular iimple cafes. 

Dr. Halley gave alfo an univerfal algebraical theorem- 
to find the Focus of all forts of optic glafies, or lenfes. 
See the Philof. Tranf. N° 205, or Abr. vol. 1, pa. 191* 

V. In Catoptrics , or Foci ly RefoSion.. 

Thcfe are cafily found for any known curve, from 
this principle, that, the angle of reflation is always 
equal to the angle of incidence. 

The fame are alfo cafily found by experiment, being 
expofed to any object. 

The incrcafe of heat from colle&ing the fun's ray's 
into a Focus, lias been found in many cafes of burning 
glafies, to be aftonifltingly great; the effedl being in- 
creafed as the fquare of the diameter of the glafs ex¬ 
ceeds that of the Focus. If, for inftance, there be a 
burning glafs of 12 inches diameter ; this will collet! 
or crowd together all the rays of the fiin which fall 
upon the glafs info the compafs of about j part of ail 
inch : then, the areas of the two fpaces being as the 
fquare of 12 to the fquare of J, or as the fquare of 
96 to the fquare of i, that is, as9216 to 1 ; it follows, 
that the heat in the Focus will be 9216 times greater 
than the fun’s common heat. And this will have an 
e fit. cl as great as the direct rays of the fun would have 
on a body placed at the 196th part of the earth’s dif- 
tance from the fun ; or the fame as on a planet that 
fiiould move round the fun at but a very little more 
than a diameter of the fun’s diilance from him, or that 
would never appear farther from him than about 36 
minutes. 

Beiides Dr. Hailey in bis method for finding the 
Foci, feveral other authors have written upon this fub- 
jrkt; as Mr. Ditton, in his Fluxions; Dr. Gregory, in 
his Elements of Dioptrics ; M. Carre, and Guifiue, in 
the Memoires ele 1 ’Acad.: Dr. Barrow and Sir 1 . New¬ 
ton have alfo neat and elegant ways of finding geometri¬ 
cally the Foci of fphcricnl glafies; which may be feen 
in Barrow’s Optical Lectures. 

FOLIATE, a name given by' feme to a curve of the 
2d order, evpivlled by the equation x 3 + y* = aw, 
being one fpecics of defective hyperbolas, with one 
nlymptoto, and confiding of two infinite legs crofting 
tacit other, forming a fort of leaf. It is the 43d fpecics 
of Newton's Lines of flic 3d Order. 

FOLK.ES (Martin), an Englifli mathematician,, 
pliilofopher, and antiquary, was born at Weilininilcr 
about 1690; and was greatly dillinguifhed as a mem¬ 
ber of the Royal Society in London, and of the Aca¬ 
demy of Sciences at Paris. He was admitted into the 
former at 2 4 years of age ; made one of their council 
two years after; named vice-prcfident by' Sir Ifaac 
Newton himfclf; and, after Sir Hans Sloane, became 
pr< fident. Coins, ancient and modern, were a great 
obje.it with him ; and his lalt production was a book 
upon the Englifli Silver Coin, from the Conqueft to his . 
41W11 times. He died at London in 1754. Dr. Birch 
had drawn up materials for a life of Mr. Folkes. which 
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are preferved at large in the Anecdotes of Bowyer, 
p. 562. There are many memoirs of Mr. Folkes's in 
the Philof. Tranf. from vol. 30 to vol. 46, both in* 
cluiive; viz, 1. Account of an Aurora Borealis, vol. 
jo.—-*. Of Lieuwenhoek’s curious Microfcopc, voL 

f a.—3. On the Standard Meafures in the Capitol at 
Lome, vol, 39—4. Obfervations of three Mock-funs, 
vol. 40.— 5. On the frefh-water Polypus, vol. 42.— 6 . 
On human bones petrified, vol. 43.-7. On a paffage 
in Pliny's Natural Hiftory, voL 44. —8. On an Earth¬ 
quake at London, voL 46. —9. Ditto at Keufmgton, 
vol. 46.-10. Ditto at Newton, vol. 46. 

FOMAHAUT, or FomAlhaut, a (lar of the firft 
magnitude in the water of the conftcllation Aquarius, 
or in the mouth of the fouthem fifh. Its latitude is 
21° 6' 28" fouth, and mean longitude to the beginning 
of 1760, 11* o° 28' 

FONTENELLE (Bernard de), a celebrated 
French author, was born at Rouen in 1657, and died 
in 1756, when he was near 100 years old. He was a 
univerfal genius: at a very early age he wrote feveral 
comedies and tragedies or confiderable merit; and he 
did the fame at a very advanced age. Voltaire declares 
him the moil univerfal genius the age of Lewis the 
14th produced ; and compares him to lands iituated in 
fo happy a climate, as to produce all forts of fruits. 
His laA comedies, though tney (hewed the elegance of 
Fontenelle, were however, little fitted for the ftage 5 
he then alfo produced an Apology for the Vortices of 
Dcs Cartes; upon which Voltaire fays, “We muft 
cxcufe his comedies, on account of his great age; and 
his Cartcfian opinions, as they were thoie of his youth, 
when they were univerfally received all over Europe.” 

In his poetical performances and Dialogues of the 
Dead, the fpirit of Voiturc was difeerned, though 
more extended and more philofophical. His Plurality 
of Worlds is a work lingular in its kind : his defign in 
this was, to prefent that part of philofophy to view in 
a gay and pleafing drefs. 

Fontenelle applied himfelf alfo to mathematics and 
natural philofophy 5 in which lie proved not lefs fuc- 
cefsful than he had been in polite literature. Having 
been appointed perpetual fecretary to the Academy of 
Sciences, he difeharged that trull above 40 years with 
univerfal applaufe : his Hiftory of the Academy often 
throws great light upon their memoirs, which are fomc- 
times obfeure; and it has been faid, he was the firft 
who introduced elegance into the fciences. The 
Eloges, which he pronounced on the dcccafcd members 
of the Academy, have this peculiar merit, that they ex 
cite a refpe£f for the fciences as well as for the authors. 

Upon the whole, Fontenelle muft be looked upon as 
the great mafter of the new art of treating abftraft 
fciences, in a manner that make their ftudy at once 
cafy and agreeable : nor are any of his works of other 
kinds void of merit. All thofe talents which he pof- 
feffed from nature, were afiifted by a good knowledge 
of hiftory and languages : and he perhaps furpafles all 
men of learning who have not had the gift of inven¬ 
tion. 

Befide his poetical and theatrical works, with thofe 
of Belles lettres, &c, he pubiifhed Element de Geometric 
de PJnfini, in 4to, 1727 ; alfo the Tbeorie dee Tourbil- 
Jtns Cartejicnt; and Di/court tnoraux & fhilo/ophiqucs. 

t 


All his different works were colle&ed in eleven volume*, 
l2mo, under the title of Oeuvret Diver fits. 

FOOT, a meafure of length, dividea into 12 inches, 
and each inch fuppofed to contain 3 barley-corns in 
length. Geometricians divide the Foot into 10 digits, 
and the digit into 10 lines, &c. The French divide 
their Foot, as we do, into 12 inches; but their inch 
they divide into 12 lines. 

It feems this meafure has been taken from the length 
of the human Foot; but it is of different lengths in 
different countries. The Paris royal Foot is to the 
Englifh Foot, as 4263 to 4000, and exceeds the Englifh 
by 9 i lines ; the ancient Roman Foot of the Capitol 
confided of 4 palms ; equal to 11 inches nad Eng- 
lifh; the Rhinland, or Leyden Foot, ufed by the north¬ 
ern nations, is to the Roman Foot, as 19 to so. For 
the proportions of the Foot of feveral nations, com¬ 
pared with the Englifh, fee the article Measure. 

Square Foot, is a fquare whofe fide is 1 foot, or iz 
inches, and confequently its area is 144 fquare inches. 

Cubic Foot, is a cube whofe fide is one Foot, or * 2 
inches, and confequently it contains 12* or 1728 cubic 
inches. 

Foot -bant, or Yoor-Jlcp, in Fortification. See Ban¬ 
quette. 

FORCE, Vis , or Power , in Mechanics, Philofo- 
phy, &c, denotes the caufe of the change in the (late 
of a body, with rcfpeCl to motion, reft, preffure, &c ; 
as well as its endeavour to oppofe or refill any change 
made in fuch its (late. Thus, whenever a body, which 
was at reft, begins to move; or when its motion is 
either not unifottn, or not direft; the caufe of this 
change in the ftatc of the body, is what is called Force t 
and is an external Force. Or, while a body remains 
in the fame (late, either of reft, or of uniform and recti¬ 
linear motion, the caufe of its remaining in fuch (late, 
is in the nature of the body, being an innate internal 
Force, and is called its Inertia. 

Mechanical Forces may be reduced two forts ; 
one of a body at reft, the other of a body in motion 

The Force of a body at reft, is that which we con¬ 
ceive to he in a body lying Hill on a table, or hanging 
by a rope, or fupported by a fpring, See; and thh is 
called by the names of Preffure, Tenlion, Force, or 
Vis Mortua, Solicitatio, Conatus Movendi, Conamen* 
&c ; which kind of Force may be always meafured by 
a weight, viz, the weight that fuiluins it. To tbit, 
clafs of Forces may alfo be referred Centripetal and 
Centrifugal Forces, though they refidc in a hotly in 
motion ; bccaufc thtfe Forces are homogeneous to 
weights, preffures, or tendons of any kind. The pref¬ 
fure, or Force of gravity in any body, is proportional 
to the quantity of matter in it. 

The Force of a body in motion, is a power refiding 
in that body, fo long as it continues its motion ; by 
means of which, it is able to remove ohilaclrs lying in 
its way; to lelfen, dellroy, or overcome the Force of 
any other moving body, which meets it in an oppolite 
dirc&ion ; or to furmount any the largcft dead preffure 
or rcfiftuncc, as tenlion, gravity, friflion, &c, for fume 
time ; but which will be leffcncd or deilroyed by fuch 
refiftance as leflVn:; or dcilroys the motion of the body. 
This is called Vis Motrix, Moving Force, or Motive 
Force, and by foire late writers Vis Viva, to diltinguffli 

it 
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ft from the Vis Mortua fpoken of before ; and by thefe 
appellations, however different, the fame thing is under- 
flood by all mathematicians; namely, that power of 
difplacing, of withftanding oppofitc moving Forces, or 
of overcoming any dead refiltance, which refides in a 
moving body, and which, in whole or in part, conti¬ 
nues to accompany it, as long as the body moves; and 
may be otherwife called Percuflive Force, or Momen¬ 
tum. 

But concerning the meafure of tin's kind of Force, 
mathematicians have been divided into two parlies. It 
is allowed by both fides, that the meafure of this Force 
defends partly upon the mafs of matter in the body, 
or its weight, and partly upon the velocity of its mo¬ 
tion ; fo that upon any iucreafe of either weight or 
velocity, the moving Force will become greater. It is 
al r :> agreed, that the velocity being given, or being the 
fame in two moving bodies, their Forces will he in pro¬ 
portion to their mafTcs or weights. But, when two 
bodies a* e equal, and the velocities with which they 
move arc different, the two parties no longer agree 
about the meafure of the moving Force. 

The CartePaus and Newtonians maintain, that, in 
this, cafe, the moving Force is in proportion fir-ply as 
the velocity with which a body moves; fo that with 
a dot ble velocity it lias a double Force, Sec : But 
the Lcibnitians nfiert, that the moving Force is pro¬ 
portional to the fquare of the velocity ; fo as, with a 
double velocity to have a quadruple Force, &c. Or, 
when the bodies arc different, the former hold, that 
the momentum or moving Force of bodies, is in the 
compound ratio of their weights and velocities: But 
the Lcibnitians hold, that it is in the compound ratio 
of the weights and fquares of the velocities. 

Though Leibnitz was the firft who exprefsly af- 
ferted, that the Force of a body in motion is as the 
fquare of its velocity, which was in a paper iuferted in 
the Lcipfic Afts for the year 1686, yet it is thought 
that Huygens led him into that notion, by fome de- 
monftrations in the 4th part of his book De Horologio 
Oicillatorio, relating to the centre of ofcillation, and 
by bis difTcrtations, in anfwer to the objections of the 
abbot Catalan, one of which was published in 1684. 
This, eminent mathematician had demonflratcd, that in 
the collifion of two bodies that are pcrfcftlv elailic, the 
fum of the products of each body multiplied by the 
fquare of its velocity, was the fame after the fiiock as 
before; (though the fame thing is true of the Aims of 
the products of the bodies multiplied limply by their 
velocities). Now that propofition is fo far general as 
to obtain in all collifions of bodies that are perfectly 
elailic: and it is alfo true, when bodies of a perfect 
elailicity {trike any immoveable obftacle, as well as 
when they ilrike one another; or when they are con- 
flraincd by any power or refinance to move in directions 
different from thofe in which they impel one another. 
Thefe confiderations might have induced Huygens to 
lay it down as a general rule, that bodies conilantly 
preferve their Afcenfional Force, i. e. the product of 
their mafs by the height to which their centre of gra¬ 
vity can afeend, which is as the fquare of the veloci¬ 
ty { and therefore, in a given fyflcm of bodies, the fum 
of the fquares of their velocities will remain the fame, 
and not be altered by tbe aftion of the bodies among 
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themfelves, nor againft immoveable obltacles. Leibnitz's 
metaphyfical fyllem led him to think that the fame quan¬ 
tity of aftion or Force fubfiiled in the univerfc; and 
finding this impofiible, if Force were ellimated by the 
quantity of motion, he adopted Huygens’s principle of 
the prefervation of the Afcenfional Force, and made it 
the meafure of moving Forces. But it is to be ob- 
ferved that Huygens’s principle, above-mentioned, is 
general only when bodies are perfedtly elaftic; and in 
iome other cafes which Maclaurin has endeavoured to 
diftinguifii: flicwing at the fame time that no ufefui 
conclufion in mechanics is affedted by the difputes con¬ 
cerning the meafure of the Force of bodies in motion, 
which have been objected to mathematicians. Ana- 
lyft. Query 9, See Maclaurin’s Fluxions, vol. 2, art. 
533 ; Huygens Oper. tom. 1, pa. 248 ; Sec. 

Leibnitz’s principle was adopted by feveral perfons ; 
as Wolfius, the Bernoullis, See. Mr. Dan. Bernoulli, 
in his Trcatife, has affirmed the prefervation of the 
Vis Afccndens of Huygens, or, as others exprefs it* 
the Confervatio Virium Vivarum ; and, in Bernoulli’s 
own expreflion, eequalitas inter defeenfum aftualem afeen - 
/unique potentialcm, as an hypothesis of wonderful ufe in 
mechanics. But a late author contends, that the con- 
clufiuns drawn from this principle are oftener falfe than 
true. See De Confervat. virium Vivarutn DifTert. 
Lond. 1744. 

Catalan and Papin anfwercd Leibnitz’s paper pub- 
liflied in 1686 ; and from that time the controverfy 
became more general, and was carried on for feveral 
years by Leibnitz, John and Daniel Bernoulli, Pulcni, 
Wolfius, s’Gravefande, Camus, Mufchenbroek, Sec, on 
one fide ; and Pemberton, Eames, Defaguliers, Dr. S. 
Clark, M. de Mairan, Jurin, Maclaurin, Robins, &e» 
on the other. SceAdt. Erud. 1686, 1690, 1691, 1695 ; 
Nouv. de la Rep. des Let. Sept. 1686, 1687, art. 2; 
Comm. Epiit. inter Leibn. ct Bern. Ep. 24, p. 143 ; 
Difcourfes fur les Loix de la Comm, du Mouvement, 
Oper. tom. 3, & Difl". de vera Notione Virium Viva- 
rum, ib.; Aft. Petropol. tom. 1, p. 131, Sec ; Hy- 
dronamica, feft. 1 ; Herman, in Aft. Petrop. tom. 
1, p. 2, &c ; Polcn. de Cailellis ; Wolf, in Aft. Petrop. 
tom. t, p. 217, &c, and in Cofmol. Gener.; Gravef. 
in Journ. Lit. and Phyf. Elan. Math. >742, lib. 2, 
cap. 2 and 3 ; Memoir, de l’Acad. des Sciences 1728 ; 
Mufchcnbr. Int. ad Phil. Nat. 1762, vol. 1, p. 83 &c ; 
Pemb. &c, in Phil. Tranf. number 371, 375, 376, 
396,400, 401, or Abridg. vol. 6, p. 216 &c. Mairan 
in Memo, de 1 ’Acad. des Sc. 1728, Phil. Tranf. numb. 
459, or Abridg. vol. 8, p. 236, Philof. Tranf. vol. 43, 
p. 423 tec ; Maclaurin’s Acc. of Newton’s Difco- 
veries, p. 117 &c, Flux, ubi fupr. Se Recueil des 
Pieces qui ont emporte le Prix Sec. tom. 1 s DefaguL 
Courfe Exp. Phifof. vol. 1, p. 393 Sec, vol. 2, p. 49 
Sec ; and Robins’s Trafts, vol. 2, p. 135. 

The nature and limits of this work will not admit 
of a full account of the arguments and experiments that 
have been urged on both fidcs of tliis queftion ; but 
they may be Found chiefly in the preceding references. 
A few of them however may be conlidered, as follows. 

The defenders of Leibnitz’s principle, betide the ar¬ 
guments above-mentioned, refer to tbe fpaers tlxat bo¬ 
dies afeend to, when thrown upwards, or the penetra¬ 
tions of bodies let fall into frit wax, tallow, slay, fnow. 
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and other foft Tubftances, which fpaces are alway3 as 
the lquarcs of the velocities of the bodies. On the 
other hand, their opponents retort, that fuch fpaces 
are not the ineafures of the force in queftion, which 
is rather pcrcuflive and momentary, as thofe above are 
patted over in unequal times, and are indeed the joint 
efleft of tbc Forces and times. 

Defaguliers brings an argument from the familiar 
experiment of the balance, and the other iiinple me¬ 
chanic powers, {hewing that the effect is in proportion 
to the velocity multiplied by the weight; for example, 
4 pounds being placed at the diffance of 6 inches from 
the centre of motion of a balance, and 2 pounds at the 
diftancc of 12 inches ; tliefc will have a Vis Viva if the 
balance be put into a Twinging motion. Now it ap¬ 
pears that thefe Forces are equal, bccaufe, with con¬ 
trary directions, they foon dcltroy each other ; and they 
are to each other in the fimple ratio of the velocity mul¬ 
tiplied by the mafs, viz 4 x 6 = 24, and 2 X J2 = 24 
alfo. 

Mr. Robins, in his remarks on J. Bernoulli’s treatife, 
entitled, Dilcoura fur les l.oix dc la Communication 
• du Mouvcmcnt, informs us, that Leibnitz adopted this 
opinion through miftake; for though lie maintained 
that the quantity of Force is always the fame in the 
univerfe, he endeavours to expofe the error of Des 
Cartes, who alfo aflerted, that llicquantity of motion is 
always the fame ; and in his difeourfe on this fiibjcit in 
the Afta Eruditonim for 1686, he fays that it is agreed 
on by the Cartcfians, and all other pliilofophcrs and 
mathematicians, that there is the fame Force requifite 
to raife a body of 1 pound to the height of 4 yards, 
as to raife a body of 4 pounds to the height of 1 yard ; 
but being fbewn how much he was millaken in taking 
that for die common opinion, which would, if allowed, 
prove the force of the body to be as the fquarc of the 
velocity it moved with, he afterwards, rather than own 
himfelr capable of Audi a mi Hake, endeavoured to de¬ 
fend it as true 5 fince lie found it was the neceflary con- 
fequcnce of what he had once affected ; and maintained, 
that the force of a body in motion was proportional to 
the height from which it muff fidl, to acquire that ve¬ 
locity ; and the heights being as the fquares of the velo¬ 
cities, the Forces-would be as the mafles multiplied by 
them ; whereas, when a body defeends by its gravity, 
or is proje&ed perpendicularly upwauls, its motion 
may be coufidercd as the Aim of the uniform and con¬ 
tinual impulfes of the power of gravity, during its fall¬ 
ing in the former cafe, and till they extinguifh it in the 
latter. Thus when a body is projected upwards with 
a double velocity, tbefe uniform impulfes muff be con¬ 
tinued for a double time, in order to dcflroy the motion 
of the body; and hence it follows, that the body, by fett- 
ing out with a double velocity, and afcemling for a double 
time, mutt a rife to a quadruple height, before its motion 
is exhaufted. But this proves that a body with a double 
velocity moves with a double Force, fince it is produced 
or dettroyed by the fame uniform power continued fora 
double time, and not with a quadruple force, though it 
rifes to a quadruple height; fo that the error of Leibnitz 
.confided in his not considering the time, fince the veloci¬ 
ties June nr not the caiifes of the fpaces deferibed, but 
the tin.es and the velocities together; yet this is the falla¬ 
cious argument on which he Aril built his new do&riuc j 
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and thofe which have been fince much infilled on, and 
derived from the indentings or hollows produced in foft^ 
bodies by others falling into them, are much of the ^ 
fame kind. Robins’s Tradts, vol. 2, p. 178. 

But many of the experiments and reafonings, that 
have been urged on both fides in this controvert}-, have 
been founded in the different fenfes applied to the term 
Force. The Englifh and French philofophers, by the 
word Force, mean the fame thing as they do by mo¬ 
mentum, motion, quantity of motion, percuffion, or in- 
ttantaneous preffure, which is mcafiircd by the mafs 
drawn into the velocity, and may be known by its 
effect; and when they coniider bodies as moving through 
a certain fpace, they allow for the time in which that 
fpaee is deferibed: whereas the Dutch, Italian, and 
German philofophers, who have efpoufed the new opi¬ 
nion, mean by the word Force, or Force inherent in a 
body in motion, that which it is able to produce ; or, 
in -other words, the Force is always meafured by the 
whole efledt produced by the body in motion ; until its 
whole Force be entirely communicated or dettroyed, 
without any regard to the time employed in producing 
this total effect. Thus, fay they, if a point runs through 
a determinate fpace, and preifes with a certain given 
Force, or inieniity of preffure, it will perform the fame 
action whether it move fell or flow-, and therefore the 
lime of the action in this cafe ought not to be regarded. 
s’Gravefande, Phyf. El. Math. $ 723—728. 

Mr. Euler obferves, with regard to this difputc con¬ 
cerning the mcafurc of vivid Force, or living Force, as 
it is fometimes called, that we cannot abfolutcly nferibe 
any Force to a body in motion, whether we fuppofe 
this Force proportional to the velocity, or to the 
fquarc of the velocity : for the Force exerted by a body, 
finking another at reft, is different from that which it 
exerts in finking the fame body in motion ; fo that tin's 
Force cannot be aferibed to any body coufidercd in it- 
felf, but only relatively to the other bodies it meets 
with. There is no force in a body abfolutcly conflder- 
ed, but its inertia, which is always the fame, whether 
the body be in motion o- at rett. But if this body 
be forced by others to change its Hate, its inertia then 
exerts itfelf as a Force, properly fo called, which is not 
ahfolutely determinable ; becaitfe it depends ou the 
changes that happen in the ftate of the body. 

A fecond obfervation which has been made by fonte 
eminent writers, is, that the efleet of a fhock of two 
or more bodies, is not produced in an inttailt, but re¬ 
quires a certain interval of time. If this be fo, the 
heterogeneity between the Vis Viva and Mortua, or 
Living and Dead Force, will vanifh; liuce a prefliiru 
may always be affigned, which in the fame time, how¬ 
ever little, fliall produce the fame effect. If then the 
Vis Viva be homogeneous to the Vis Mortua, and hav¬ 
ing a perfect meafure and knowledge of the latter, we 
need require no other meafure of the former than that 
which is derived from the Vis Mortua equivalent to 
it. 

Now that the change in the ftate of two bodies, by 
their fhock, does not happen in an inttant, appears evi¬ 
dently from the experiments made on foft bodies : in 
thefe, percuffion forms a finall cavity, vifible after the 
fhock, if the bodies have no elafticity. Such a cavity 
cannot certainly be made in an inttant. And if the 
■* fhock 
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fhock of foft bodies require a determinate time, we 
mull certainly fay as much of the hardeft, though this 
time may be fo fmall as to be beyond all our ideas. 
Neither cafi an inftantaneous Ihock agree with that con- 
ftant law of nature, by virtue of which nothing is per¬ 
formed per faltum. But it is needlcfs to infill farther 
upon this, fince the duration of any (hock may be de¬ 
termined from the molt certain principles. 

There can be no (hock or colliiion of bodies, with¬ 
out their making mutual impreflions on each other: 
thefc impreflions will be greater or lefs, according as 
the bodies are more or lefs foft, other circumftances 
being the fame. In bodies called hard, the impref- 
fions arc fmall; but a perfedt liardncfs, which admits 
of no imprefiion, feems ineonliftent with the laws of 
nature; fo that while the collifion lulls, the adtiou of 
bodies is the rcfult of their mutually prefling each other. 
Tin’s preffure changes their ftate ; and the Forces exert¬ 
ed in percufliun arc really prcfliires, and truly Vires 
Mortua.', if we will ufe this expreflion, which is no 
longer proper, fince the pretended infinite difference be¬ 
tween tne Vires Vi vac and Mortuar ccafcs. 

The Force of percuflion, refuking from the preffures 
that bodies exert on each other, while the collifion lads, 
may lie prrfedlly known, if thefc preffurcj be determin¬ 
ed for every inilant of the fiiock. The mutual adlion 
of the bodies begins the firlt moment of their contadl; 
and is then leal!; after which this adlion increafes, and 
becomes greateft when the reciprocal impreflions are 
llrongcft. If the bodies have no elallicity, and the im- 
preflions they have received remain, the Forces will 
then ceafe. But if the bodies be elallic, and the parts 
comprcfled rellore thcmfclvcs to their former Hate, then 
will the bodies continue to prefs each other till they 
feparate. To comprehend therefore perfectly the 
Force of percuflion, it is requisite firll to define the 
time the fliock lulls, and then to affign the prclfure 
correfponding to each inilant of this time ; and as the 
effect of preflures in changing the ftate of any body may 
be known, we may thence come at the true caufe of the 
change of motion arifing from collifion. The Force 
of percuflion therefore is no more than the operation 
of a variable preffure during a given time ; and to mea- 
furc this Force, wc mull have regard to the time, and 
to the variations according to which the preffure in- 
ereafes and decreafes. 

Mr. Euler has given fome calculations relative to 
thefe particulars; and he illuftrates their tendency by 
this iuftance: Suppofe that the hardnefs of the two 
bodies, A and B, is equal; and fuels, that being 
preffed together with the force of toolb, the impreflion 
made on each is of the depth of part of a foot. 

Suppofe alfo that B is fixed, and that A ftrikes it with 
the velocity of 100 feet in a fecond ; according to Mr. 
Euler, the greateft Force of compreflion will be equi¬ 
valent to 4001b, and this Force will produce in each of 
thefe bodies an impreflion equal to ,‘ s of a foot ; and 
the duration of the collifion, that is, till the bodies ar¬ 
rive at their greateft. compreflion, will be about ^ fo of 
a fccond. Mr. Eider, in his calculations, fuppofes the 
hardnefs of a body to be proportional to the Force 
or preffure requifite to make a given impreflion on it ; 
fo that the Force by which a given impreflion is made 
iOii a body, is in a compound ratio of the hardnefs of 
, OL. I. 


the body and of the quantity of the impreflion. But 
he obferves, that regard mud be had to the magnitude 
of the bodies, as the fame impreflion cannot be made 
on the lead bodies as on the greateft, from the defeft 
of fpnee through which their component particles mu ft 
be driven: he confiders therefore only the feaft impref- 
fions, and fuppofes the bodies of fuch magnitudes, that 
with refpedt to them the imprefli wis may be looked 
upon as nothing. What he fuppofes concerning, th" 
hardnefs of bodies, neither implies elallicity nor the 
w r ant of it, as elallicity only produces a reftitutioa of 
figure and impreflion when the prefling Force ceafe.-.; 
but this rcflitution need not be here confiderecL It 
is alfo fuppofed, that the bodies which ltrike eacli* 
other, have plane and equal bafes, by which they touch 
each other in the collifion ; fo that the impreflion here¬ 
by made diminilhes the length of each body. It is 
farther to he obferved, that in Mr. Euler's calculations, 
bodies are fuppofed fo conllitutcd, that they may not 
only receive impreflions from the Forces prefling them, 
but that a greater Force is requifite to make a greater 
impreflion. This excludes all bodies, fluid or folid, in 
which the fame Force may penetrate farther and farther, 
provided it have time, without ever being in equilibria 
with the refiftance: thus a body may- continually pe¬ 
netrate farther into full wax, although the force im¬ 
pelling it be not increafed : in thefe, and the like cafes, 
notliing is required but to furmount the firft obftacles - r 
which being once done, and the connection of parts 
broken, the penetrating body- always advances, meeting 
with the fame obftacles as before, and deftroying them 
by an equal Force. But Mr. Euler only confiders the 
firft obftacles which exift before any feparation of parts, 
and which are doubtlcfs fuch, that a greater impreflioit 
requires a greater Force. Indeed this chiefly takes 
place in elallic bodies; but it feems likewife to ob¬ 
tain in all bodies when the impreflions made on them 
are fmall, and the contexture of their parts is not al¬ 
tered. 

Thefe things being premifed, let the mafs or weight 
of the body' A be expreffed in general by A, and let its 
velocity before the fiiock be that which it might ac¬ 
quire by falling from the height a. Farther, Jet the 
hardnefs of A be expreffed by M, and that of B by N, 
and let the area of the bafe, on which the impreflion 
is made, be cc ; then will the greateft compreflion be 


made with the Force 


/min 
*r M + N 


X A a. 


Therefore 


if the hardnefs of the two bodies, and the plane of their 
contadl during the whole time of their collifio.i be the 
lame, this Force will be as v'A./, that as the fquare 
root of the Vis Viva of the fluking body A. And 
as is proportional Lo the velocity of the body A. 
the Force of percuflion will be in a compound ratio of 
the velocity and of the fuhduplicate ratio of the mafs 
of the body ftriking: fo tint in this cafe neither the 
JLeibnitian nor the Cartilian propofitious take place. 
But this Force of percuflion depends chiefly on the 
hardnefs of the bodies ; the greater this is, the greater 
will the Force of percuflion be. If M = N, this 
Force will be as v'Mrt x A«, that is, in a compound 
fubduplicate ratio of the Vis Viva of the ftriking body, 
qf the hardnefs, and of the plane of conta&. But if 
3 S M, the 
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M* the hardnefs of one of the bodie s ~he in finite, the 
Force of percuflion will be as v^Nrc x A a ; at the 
fame time, if M =N, thfe Force will be as V' x A a. 

Therefore, all other things being equal, the Force of 
percuflion, if the ftrikinp body be infinitely hard, will 
be to the Force of percuflion when both the bodies arc 
equally hard, as ^/a to t, 

Mr. Euler farther deduces from his calculation, that 
the impreflion received by the bodies A and B will be 
as follows ; viz, as 


, N x An / M x A a 

V j mtr— n7, 

If therefore the hardnefs of A, that is M, be infinite, 
it will fuffer no impreflion ) whereas that on B will ex* 

tend to the depth of / =r-— . But if the hardnefs 


of the two bodies be the fame, or M = N 

each receive equal impreflions of the depth 

$0 that the impreflion received by the body B in this 
cafe, will be to (he impreflion it receives in the former, 
as 1 to 4/2. 

Mr. Euler has likewife confidercd and computed the 
cafe where the linking body has its autcrior furface 
convex, with which it ftrikes an immoveable body 
whofe furface is plane. He has alfo examined the cafe 
when both bodies are fuppofed immoveable; and from 
his formula: he deduces the known laws of the colliiion 
of elaftic and non-elaftic bodies. He lias alfo determin¬ 
ed the greateft preflures the bodies receive in thefe 
cafes ; and likewife the impreflions made on them. In 
particular he (hews, that the impreflions received by the 
body ilruelt, or B, if moveable, is to the impreflion rc- 

cc ived by the lame body when immoveable, as y/B to 
VA + B. 

There arc feveral curious as well as ufcful obferva- 
tions in Hefoguliers’s Experimental Pbilofophy, con¬ 
cerning the comparative Forces of men and hones, and 
the belt way of applying them. A borfe draws with the 
greateft advantage when the line of direction is level 
with his hreall; in fuch a fltuntiun, he is able to draw 
soolh for If hours a day, walking about 2 [ miles an 
hour. But if the fame horfe be made to draw 2401b, 
he can work only 6 hours a day, and cannot go quite fo 
fall. On a carriage, indeed, where fridion alone is to 
he overcome, a middling liorl'c will draw rooolb. Butt 
the bell way to try the Force of a horfe, is to make 
him draw up out of a well, over a Angle pulley or roller; 
and hi tliat cafe, au ordinary horfe will draw about 
2coIb, as before obferved. 

ft is found that 5 men are of equal Force with one 
horfe, and can with equal cafe pufli round the horizon¬ 
tal beam of a mill, in a walk 40 feet wide; whereas 
3 men will do k ?; a walk only 19 feet wide. 

The worft v.-ay of applying the Force of a borfe is 
to make him carey or thaw up hill: for if the hill be 
ftcep, 3 men will do more than a horfe, each man 
climbing up latter with a burden of loolb weight, than 
a boric that is loaded with 300II1: a difference which 
t js owing to*he portion of the parts of the human body 
betqg better adapted to climb, than thole of a boric. 
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On the other hand, the bell way of applying the 
Force of a horfe, is the horizontal direction, in which, 
a man can exert the lead Force: thus, a man that 
weighs 140II), when drawing a boat along by means of 
a rope coming over his ihouldcrs, cannot draw above 
or exert above 1.7th part of the Force of a horfe 
employed to the fame purpofe ; fo that in this way t he 
Force of a horfe is equal to that of 7 men. 

The beil and moil cfFedual pofture in a man, is that 
of rowing; when lie not only ads with more mufcles 
at once for overcoming the reiiilance, than in any other 
pofltion ; but alfo as he pulls backwards, the weight of 
his body afliils by way of lever. See Defaguliers’s Exp. 
Philof. vol. 1, p. 241, where feveral other obfervations 
are made relative to Force acquired by certain pofltiona 
of the body ; from which that author accounts for 
moll feats of (Irength and adivity. See alfo a Memoir 
on this fubjed by M. He la Hire, in the Mem. Roy.. 
Acad. 1729 ; or in Defaguliers’s Exp. &c. p. 267 &c,, 
who has ptibhiheda tranflation of part of it with remarks. 

Force is dillinguiflied iuto Motive and Accelerative 
or Retardive. 

Motive Force, ©therwife called Momentum, or 
Force of Percuflion, is the abfolute Force of a body in. 
motion, &c; and is exprefled by the produd of the 
weight or mafs of matter in the body multiplied by the 
velocity with which it moves. But 

Accelerative Force, or Retardive Force, is that 
which refpeds the velocity of the motion only, acce¬ 
lerating or retarding it; and it is denoted by the quo¬ 
tient of the motive Force divided by the mafs or 
weight of the body. So, 

if m denote the motive Force, 
and b the body, or its weight, 
and f thcacccleratingorretarjing Force,, 

then is f as 
J b 


Again, Forces arc either Conftant or Variable. 

Cmijlant Forces arc fuch as remain and ad conti¬ 
nually the fame for fome determinate time. Such, for 
example, is the Force of gravity, which ads conftantly. 
the fame upon a body wliilc it continues at the fame 
diilancc from the centre of the earth, or from the 
centre of Force, wherever that may be. In the cafe of 
a conftant Force F ading upon a body b, for any time 
/, wc have thefe following theoremsputting 

J = the conftant accelerating Force = F ~ 5 , 
v s= tlic velocity at the end of the time /, 
t = the fpace paffed over in that time, by the 
conftant action of that Force on the body : 
and g *= feet, the fpace generated by gravity in- 
1 ftcond, and calling the accelerating Force of gravity 
I ; then is ’ 
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Vat-iahU Forces are fuch as are continually change 
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mg in their effc& and intenfity; fuch as the Force of 
gravity at different diftances from the centre of the 
earth, which, decreafes in proportion as the fquare of 
the diftance increafes. In variable Forces, theorems 
fimilar to thofe above may be exhibited by ufing the 
fluxions of quantities, and afterwards taking the flu¬ 
ents of the given fluxional equations. And herein 
confifts one of the great excellencies of the Newtonian 
or modern analyfis, by which we are enabled to ma¬ 
nage* and compute the effefts of all kinds of variable 
Forces,. whether accelerating or retarding. Thus, 
ufing the fame notation as above for conftant forces, 
viz, / the accelerating Force tit any iuftant, t the time 
a body has been in motion by the a&ion of the variable 
Force, v the velocity generated in that time, s the 
fpace run over in that time, and g m i6j' s feet; 
then is 


w 



Foreland, in Fortification, is a fmall piece of 
ground between the wall of a place and the moat j 
called alfo Berme and Lixiere. 

FORE-STAFF, an inftrument triad at fea, for 
taking the altitudes of the heavenly bodies; being fi» 
called, beranfc the obfervor, in ufing it, turns his face 
forward or towards the object, in contradiftin&ion to 
the Back-Half, with which he turns his back to the 
object. It is alfo called the Orofs-ftaff, hecaufe it con- 
fills of feveral pieces fet acrofs a llaff. 
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In thefe four theorems, the Force /, though va¬ 
riable, is fuppofed to be conftant for the indefinitely 

fmall timet; and they are to be ufed in all cafes of va¬ 
riable Forces, as the former ones in conftant Forces; 
viz, from the cireum fiances of the problem under eon- 
fidcratiuii, deduce a general expreffion for the value of 
the force f, at any indefinite time t ; then fubftitute it 
in one of thefe theorems, which fltall be proper to the 
cafe in hand ; and the equation thence rctulting will 
determine the correfponding values of the other quanti¬ 
ties in the problem. 

It is alfo to be obferved, that the foregoing theorems 
equally hold good for the definition of motion and 
velocity, by means of retarding or refilling Forces, as 
for the generation of the fame by means of accelerating 
Forces. 

Many applications of thefe theorems may be feen in 
jny.Seledt Exercifes, p. 172 Arc. 

There are many other denominations and kinds of 
Forces; fuch as attradlive, central, centrifugal, Si c, &c; 
•for which fee the refpedlive words. 

FORCER, in Mechanics, is properly a piilon with¬ 
out a valve. For, by drawing up inch a piilon, the 
-air is drawn up, and the water billows; then ptifiiiug. 
the piilon down again, the water, being prevented from 
descending by the lower valve, is forced up to any height 
above, by means of a fide branch between the two. 

See the ways of making thefe in Difagulim’s 
Expcr. Philof. vol. 2, p. t6i &c. See afro Clare's 
Motion of Fluids, p. 60. 

Forcing Pump, one that adls, or raifes water, by* a 
‘Forcing piilon. See above. 

FORELAND, or Foreness, in Navigation, a 
joint of land jutting out into the fea. 


Tlic Foic-llafT is formed of a ftraight fquare ftaff All. 
of about 3 feet long, having each of its four fide* gra¬ 
duated like a line of tangents, and four erodes, or 
vanes, FF, F.Ii, Dl), CC, Hiding upon it, of unequal 
lengths, the halves of which reprefent the radii to the. 
lines of tangents on the different fide* of the ftaff. The 
firll or lhortc.lt of ihefe vanes, FF, is called the Ten 
Crofs, or Ten Vane, and belongs to the lo fcale, or 
that lidt of the inllrunient on which divifions begin a! 

3 degrees, and end at 10. The next longer crofs, EE, 
is called the 30 Crols, belonging to that fide of the 
llaff where the divifions begin at to degrees, and end at 
30, called the 30 feale. The third vane 1 )D, is called 
the 60 Crofs, and belongs to that fide where the divi- 
fions begin at 20 degrees, and end at 60. The laft 
or longelt vane CC, called the 90 Crofs, belongs to the 
fide where the divifions begin at 30 degrees, and end 
atyo. 

The chief ufc of this inftrument, is to take the height 
of the fun, and liars, or the diftance between two 
ftars : and the 1 o, 30, 60 , or 90 Crofs is to be ufed, 
according as the altitude is more or lefs; that is, if the 
altitude be lefs than 10 degrees, the 10 Crofs is to be 
ufed; if above 10, but lefs than 30, the 30 Crofs is to 
be ufed ; and fo on. 

To obfrve an Altitude with the Fore-fluff. Apply 
the flat end of the ftaff to the eye, and fl’de one ot the 
erodes backwards and forwards upon it, till over the 
upper end of the Crofs be juft feen the centre of the 
fun or liar, and over the under end the extreme hori¬ 
zon ; then the degrees and minutes cut by the crofs on 
the fide of the ftaff proper to the vane tn ufc, giv^s the 
altitude above the horizon. 

In File manner, for the TUflantc between two lumina¬ 
ries ; the Staff being fet to the eye, bring the crofs juft 
to fubteud or cover that diftance, by* having the one 
luminary juft at the one end of it, and the other lumi¬ 
nary at toe other end of it; and the degrees and mi¬ 
nutes, in the diftance, will be cut on the proper fide of 
the ftaff, as before. 

FORMULA, a theorem or general rule, or ex- 
prefiion, for rcfolving certain particular cafes of force 
problem, &C. So is a general Formula for 
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the greater of two -quantities whcfe ‘fulrr is t and differ¬ 
ence d ; and — \d is the Formula, or general value, 
for die lefs quantity. Alfo ‘\ / dx — x 1 is the Formu- 
la, or general value, of the owlinale to a circle, whole 
diameter is d, and abfcil's x. 

FORT, a little cattle or .fortrcTs; ora place of fmall 
extent, fortified cither by nulu v or art. 

The Fort ir ufually encompaffcd with a moat, ram¬ 
part, and parapet, to fccurc Tome high ground, or paT- 
tage of a river ; to make good or ihengthen an advan¬ 
tageous poll; or .to fortify the lines and quarters of a 
Crge. 

Field Fort, otherwife. culled Fortin, or Fur/let, and 
fotnetimcs Sconce, is a fmall Fort, built in halle, for the 
defence of a pat's or poll; but particularly conitru&ed 
for lilt- defence of a camp in the time of a liege, v. here 
the principal quarters are ufually joined, or made to 
communicate vrith c.,h other, by lines defended by 
fortins and redoubts. Their figure and fizc are va¬ 
rious, according to the nature of the fituation, and the 
importance of the fervicefor which they are intended ; 
but they are molt commonly made fquare, each fide 
about too ioifes, the perpendicular to, and the faces 
*355 the ditch about this Fort maybe 10 or 12 toifes 
wide ; the parapet is made of turf, and fraifed, and the 
ditch pallifadoed when dry. There may be made a co¬ 
vert-way about this Fort, or elfe a row of pallifades 
might be placed on the out fide of the ditch. Some of 
thefe are fortified with bullions, and fome with demi- 

baftions.-A Fort differs from a citadel, as this lalt 

is erefted to command and guard fome town; and from 
a redoubt, as it is clofed on all Tides, while the redoubt 
is open on one fide. 

Royal Fort, is one whofe line of defence is at lead 
26 fathoms long. 

Star Fort, is a (conce or redoubt, conftitutcd by re- 
entering and faliant angles, having commonly from five 
to eight points, and the fides flanking each other. 

Forts are fonietimes made triangular, only with half 
baflions ; or of various other figures, regular or irregu¬ 
lar, and fometimes in the form of aifemicirele, cfpecially 
when they arc fituated near a river, or the lea, as at the 
entrance of a harbour, for the convenience of firing at 
fhips quite around them on that fide. In the eonllrur- 
tion of all Forts, it Ihould he remembered, that the 
figure of fcvelt Tides and ball ions, that can probably 
an Twer the propofed defence, is always to be preferred ; 
as works on fueh r. plan are fooner executed, and with 
lefs expence ; bendes, fewer troops will fern-, and 
they are more readily brought together in cafe of ncccf- 
fity. 

Fortification, called alfo Military Architecture, 
is the ait or fortifying or llrengtheningatown or other 
place, by making certain works around it, to fecure it 
and defend if from the attacks of enemies. 

Fortification has been u idoubtedly pradtifed by all 
nations, and in all ages ; being at fir 11 douhtlefs very 
vude and simple, and vary ing in its nature and manner, 
according to the mode of attack, and the weapons 
made nine of. Thus, when villages and towns were 
firft formed, it was found neceffary, for the common 
fafety, to cncompafs them with walk and ditches, to 
prr vedt «tli violence and fodder. furprifee fiom tjidr 


neighbours. When offenfive and iniffive weapons came 
to be ufed, walls were made as a defence againil the 
aflaibmts, and look holes or loop holes made through 
the walls to annoy the enemy, by (hooting arrows &c 
through them. But finding that as foon as the enemy 
got clofe to the walls, they could no longer be feen 
r.or annoyed by the bebeged, thefe added fquare towers 
along the wali, at proper diftanc.es from cadi other, fo 
that ail the intervening parts of the wall might be feen 
and defended from the adjacent fides of the towers. 
However, this manner of inclofing towns was found 
to be rather imperfect, becaufe there remained ftill the 
outer face of the towers which fronted the field, that 
could not be feen and defended from any other part. 
To remedy this imperfection, they next made the 
towns round milt-ad of fquare, as feeming better 
adapted both for ftrength to refill the battering engines, 
and for bring defended from the other parts of the 
wall. Ne-verthelefs, a fmall part of thefe towers ltill 
remained unfeeii, and incapable of being defended, for 
which roafon they were again changed forlquarc ones, 
as before, but with this difference, that now they pre- 
fented an angle of the fquare outward* to the field, iu- 
ltead of a face or fide ; and thus fuch a difpofitioa of the 
woiks was obtained, as that no part could be ap¬ 
proached by the enemy without being feen and at¬ 
tack --a. 

Since the ufe of gun-powder, it bus been found ne- 
ceffary to add thick ramparts of earth to the walis, 
and the towers have been enlarged into ballions, as well 
as many other things added, that iiave given a new ap¬ 
pearance to the whole art of defence, and the name of 
Fortification, on account of the ltrength afforded by it, 
which was about the year 1500, when the round 
towers were changed into bullions. 

But notwithftanding all the improvements made fat 
this art fince the invention of gun-powdtr, that of at¬ 
tacking is ftill fuperior to it: the fuperiority of the bc- 
liegcr,,’ fire, together with the greater number of men, 
foojier or later compels the befieged to fubmit. A fpe- 
cial advantage was added to the art of attacking by M. 
Vauban, at the liege of Alh, in the year 16^7, viz, 
in the ufe of ricochet firing, or at a low elevation of 
the gun, by which the (hot was made to run and roll 
a great way along the iufidc of the works, to the great 
annoyance of the beliegcd. 

The chief authors who have tre-tted uf Fortification, 
fince it has been coulidered as a particular art, are the 
following, and moftly in the order of time: viz, La 
Trcillc, Alghiii, Mai chi, Patino, Rumelli, Cataneo, 
and Speckle, who, as Mr. Robins fays, was one of 
the gvcatell geniufes that lias applied to this art: he 
was architect to the city of Stramurgh, and died in the 
year 15oy : he publifhed a treatife on Fortification in 
the German language, which was reprinted at Leipfic 
in t 73^1. Afterwards, Erravd, who was engineer .to 
Henry the Great of France ; Stevimts, engineer to the 
prince of Orange; with Marolois, the chevalier de 
Vilk, Lorini, Cochorn, the count de Pagan, and the 
marflial de Vauban} which laft two noble author* 
have contributed greatly to the perfection of the art; 
bolides Scheiter, Mallet, Belidor, Blomlel, Muller, 
Montalainbert, &c. Alfo a lift of feveral works on 
the art of Fortification may be added, as follows : viz," 

Mekk-i’s 
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Melder’s Praxis Fortificatoria: Le* Fortifications <fu 
Comte de Pagan ; L'lngenieur Parfeft du Sieur de 
Villc: Sturmy's Architeftura Militam Hypothetical.: 
BlondcJ's Nouvelle Maniere de Fortifier lea Places: 
The Abb£ de Fay's Veritable Maniere de Bien Forti¬ 
fier : Vauban’s Ingenieur Francois: Cochorn's Nou¬ 
velle Fortification tant pour un Terrain bas & humide, 

? ue fee & eleve: Alexander de Grotte’s Fortification : 

lonatus RofelS's Fortification: Medrano's Ingenieur 
Francois : The chevalier de St, Julien's Arch it eft are 
Militaire ; Lanfberg’s Nouvclle Maniere de Fortifier les 
Places: An anonymous treatife in French, called Nou- 
velle Maniere dc Fortifier les Places, tircc dcs Mcthodes 
du chevalier de Ville, &c: Ozanam's Traite de Forti¬ 
fication : Memotres de l’Artillerie de Surirey de St. 
Remy : Muller's treatife3 of Elementary and Ptaftical 
Fortification; and Montalambert’s Fortification Per- 
pcndiculrtire. 

Maxims in Fo* Tt ric ation. From the nature and 
circumilauces of this art, certain general rules, or 
maxims, have been drawn, and laic down. Thefe ir.ay 
indeed he multiplied to any extent, but the principal of 
them, are the following: viz, 

I. That the manner of fortifying ihould be accom¬ 
modated to that of attacking. So that no one manner 
can be nlfured always to hold, unlefs it \>e afiured that the 
manner ofhefieging is incapable of being altered. Alfo, 
to judge of the perfection of a Fortification, the method 
of bt lieging at the time when it was built mull be con- 
iidcred. 

2. All the parts of a Fortification (hould be equally 
flrong on all iidets where there is equal danger; and 
they (hould be able to refill the moll powerful ma¬ 
chine? ufed in befieging. 

■j. A Fortification ihould be fo contrived, as to be 
defended with the fewcil men pofiible : whiclt con- 
iidcrution, when well attended to, faves a great deal of 
e.icc, 

q. That t!:e defendants may be in tire better condi¬ 
tion, they mull not be expofed to the enemies’" artil¬ 
lery; but the aggreilbrs mud be expofed to theirs, 
lienee, 

5 ATI the parts of a Fortification (hould he fo dif- 
j.ofed, as that they may defend each filter. In order 
to this, every part ought to be flanked, i. c. feeii f:d 
ways, capable of being fien and defended from fomc 
other part ; fo that there be no place where an enemy 
can lodge hhnfcif, cither unfeen, or under Ihefter. 

f>. Ah the campaign around mud he cjirn to the de¬ 
fendants; ft; chat no hill or eminence mull be allowed, 
behind which the enemy might fhelter hhnfclf from the 
g.tttv. of the Fortification ; or fron which he might an¬ 
no) them with his own. Hence, the fortrefs is to 
command ail the place round about; and confequently 
the outworks inuil all be lower than the body of the 
place. 

7. No line of defence mud exceed the point-blhnk 
niiilkct-lhot, which is from r20to 150 fathoms. 

8. The more ae ut e 1 he angle at the centre, the 11 longer 
is the place ; as confiding of the more ficles, and con¬ 
sequently more clefenfible. 

f>. Ail the defences (hould be as nearly direft as pof- 
fible. 

10. The works that are moll remote from the centre 


of the place, ought always to be open to thofe that are 
more near. 

Thefe are the general laws and view's of Fortifica¬ 
tion. As to the particular ones, or fuch as refpeft the 
feveral members or parts of the work, they arc given 
under thofe articles respectively. 

Fortification is cither llreoretical orpraftical. 

Theoretical Fortification,- coni ills in tracing the 
plans-and profiles of a work on paper, with (bales and 
compafies; and in examining the fyftcms propofed by 
different authors, to* difeover their advantages and do- 
fefts. And 

Prattical Fortifica riON, confiftsin forming apro- 
jeft of a work according to the nature of the ground, 
and other ncccfiary circamftancen, tracing it on the- 
ground, and- executing the projeft, together with all 
the military buildings, fuch as magazines, dorehoufes, 
bridges, &c. 

Again, Fortification is either Defend vc or Oden- 
five. 

Dcfcnftvc Fortification is the art of defending 
a town that is befieged, with all the advantages the 
Fortifieution of it will admit. And 

OJfcnfivr Fortification is the fame with the attack 
of a place, being tlie art of making and condudling all 
the different works in a liege, in order to gain podcUioa 
of the place. 

Fortification is alfo ufed for tire place fortified ; 
or the feveral works railed to defend and flank it, and 
keep off the enemy. 

All Fortifications confifl of lines and angles, which 
have names according to their vatious offices. The 
principal lines are thole of circumvallation, of contra- 
valhtion, of the capital, &c. The principal angles are 
thofe of the centre, the Hanking angle-, flanked*angle, 
angle of the epaule, &c. 

Fortifications aru either durable or temporary’.. 

Durable Fortification, is that which is built 
and intended to semain a longtime. Such are the .dual 
Fortifications of cities, frontier places. See. And a 

Temporary Fortification, is that which is erefted 
on fome emergent occafion, and only for a fliorf time. 
Such are field-works, thrown up for the feizing and 
maintaining a pi.lt, or paffage ; thofe about camps, or 
ir. it-.-ges ; as circurr.vallritions, contravallations, redoubts, 
trenches, batteries, &c. 

Again, Fortifications are either regular or ikregu- 
lar. " A 

Rrgul.zr Fortifica i ion, is that in which the bal- 
tiuiu arc all equal; or which is built in a regular poly¬ 
gon. the tides and angles of which arc ufuaily about a 
m illict (hot from eacli other. A Regular Fortification, 
having the parts all equal, has the advantage of being 
equally defcufible ; io that there are no weak places. 
And an 

Irregular Fortification, is that in which the 
baft ions are unequal, and unlike ; or the fidcs and an¬ 
gles not all equal, and equidiftant. 

In an Irregular Fortification, the defence and 
ftrength being unequal, it is ncccfTHry to reduce the ir¬ 
regular (hape of the ground, as near a* ir.av be, to a re¬ 
gular figure : i. e. by inferibing it in an oval, in (lead of 
a circle; fo that one half may be fimilar and equal to 
the other half. 
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Marine Forti fication, is fometime* ufcd for the art 
of railing works on the l'eacoali &c, to defend harbours 

againit the attacks of flopping..-See a neat treatife 

oti Marine Fortification, at the end of Robertfon’s 
Elements of Navigation. 

There are many modes of Fortification that haste 
been much eileemed and ufed; a fmall fpecinicn of a 
vompatative view of the principal of thefc, is repre- 
fented in plate x, viz, thofe of Count Fagan, and 
McfT. Vauban, Cochorn, Belidor, aud iflondel; the 
explanation of which is as follows: 

I. Pagan's Sgflem. 

A Half Baftjons. 

B Ravelin and Counterguard. 

•C Countcrguards befoie the bullions. 

D The Ditch. 

E Tiie Glacis. 
fi The place of Anns. 

H Retired Flanks. 
a Line of Defence. 

2. Vaulan's Sjfiem. 

b Angle of the Bailion, or Flanked angle. 
t Angle of the Shoulder. 
ji Angle of the Flank, 
r Saliant Angle. 
f Face of the bailion. 

• > The Flank. 

b The Curtain. 

, i Teuailles. 

it 'J.’raverfes in the covert way. 

3. Coehorn's SjJh'in. 

1 Concave Flanks. 

1 The Curtains. 

3 Redoubts.iu the re-enLering angles. 

4 Traverfcs. 

5 Stone lodgments. 

6 Round Flanks. 

7 Redoubt. 

it Coffers .jilanked on the Tides, and above co¬ 
vered overhead with a foot of earth. 

4 Belidor’t Sg/lrm. 

3 Cavaliers. • 

K Ram:’.-horns,.or Tenailles. 

JL Retrenchments within the detached ballions. 

M Circular Curtain. 

N The Ravelin. 

P I.unctus with retired batteries. 

Redoubt. 

R Detached Redoubt. 

S An Arrow. 

P Small Traverfcs. 

5. Blonders Syjlem. 

J Retired Battery. 
hi Tumittjs. 

n Ravelin, with Retired Bullion. 

» Orillons. 

Another, .or new method of Fortification has latdly 
been propofed by M. Montalambert, called Fortifica¬ 
tion Perjiendicuhvrr, Jjccaufe the face* of the works ar,e 

7 


made by a feries oFlines running zigzag perpendictlUtr 
to one another. 

■Profile of a Fortification, is a representation of 1 
vertical fe£tion of a work; ferving to lhe\v thofe di¬ 
menfions which cannot be reprefented in ’plant, and 
are necefiary in the building of a Fortification. The 
names and dimenfions of the principal parts are as fol¬ 
low (fee fig. 8, pl. vii), where the numbers or dimenfions 
arc all expreffed in feet. • 

AB The level of the ground plane, 

AC = 27, 

CD = 18, and CW = i6f ; alfo DN is paral. 

to AB. 

DE a 30, 

EF = 2,FG=r3,GH = 3,HI = 4i,II.= i«, 
LK a 18, KM a 2i, NP a 36, NO a 5, 
Pft rrs 

RS •= i, ST a 12 or 18, OV = 9, Pn — 120, 
«* a 3, nu a 3, me = 30, cd a 2, 
dt a 3, ef a 3, fi — 4§, rg = 120, //> a 1. 

AW the interior talus or dope of the rampart, 

WE, or DE the terre-plein of ditto, 

FG the talus, and GH the upper part, of the ban¬ 
quette, 

HI. the interior fide of the parapet, 

LM the upper part of ditto, 

N the cordon of 1 foot radius, 

NP the depth, and P» the breadth of the ditch, 
OQ_Jnterior fide of revetement, 

NR the fcarp or exterior fide of ditto, 

ST the depth of the foundation, 

Y Z revetement of the parapet, 
nu the counterfcarp, 
me thecovert-way, 
te talus of the banquette, 
ef the upper part of ditto, 

fh parapet of the covert-way, 

hg the glacis. 

Other feftions are at fig. 2, pi. 12. 

Fortified Place, a Fortrcls, or Fortification, 5 . e. 
a place well flanked, and flickered with works. 

Fortin, or Portlet, a diminitive of the word Fort, 
meaning a little fort, orfconce, called alfo Field Fort. 
Star Fortin, is that whofe Tides flan keach other, &c. 
FORTRESS, the fame as Fort, or a Fortification. 
FOSTER (Samuel), an Engliih mathematician, 
and uflronomy profcflbr of Grdham-college, was born 
in Northamptonfhirc, and admitted a Sizer at Emanucl- 
collegc Cambridge in He took the degree of 

bachelor of arts in 1619, and of mailer in 1623. He 
applied early to the mathematics, and attained a great 
proficiency in it, of which he gave the firil fpecinicn in 
2624, in a treatife on The Uji of the Quadrant. 

On the death of Mr. Geflibrand, he was chofen to 
fnccecd him, in 1636, as ailronomy profcflbr in Gre- 
{ham-college, I.ondon. He quitted it again however 
•the fame year, though for what reafon dues not ap¬ 
pear, and was fuccecded by Mr. Mungo Murray, pro- 
ieflor of phtlofopliy at St. Andrews in Scotland. But 
this gentleman marrying, the profeiforfliip again be¬ 
came vacant, and Mr. Falter was re-eledled in 1641. 

Mr. Fofler was one of thofe gentlemen who held pri¬ 
vate meetings for cultivating philofophy and uicfut 

knowledge, * 
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Knowledge, which afterwards, gave rife to the Royal the adjutage &c, in the fluid's ruflung through; hut. 
Society. In 1646, Dr. Wallis, who was one of thofe when the Fountain is produced by any other force than 
affucinting gentlemen, received from Mr. Fofler a theo- the preffure of a column of the fame fluid with itfelf, it 
t^ e , trtan $'do fpharico, which he" publifhed in his will rife to fuch a height as may be nearly equal to the 
Mechanics. Neither was it only in this branch of altitude of a column of the fame fluid whofe preffure is 
science that he excelled, but he was hkewife well verfed equal to the given force that produces the fountain, 
in the ancient languages ; as appears from his reviling To ConJlruS an Artificial Fountain,, playing by the 
*nd corre&ing the Lemmata of Archimedes, which had preffure of the water. This is to be effected by malting. 
Been tranflated into JLatin from an Arabic manufeript a clofe connection between a head' or elevated piece of 
by Mr. .John Greaves. He made alfo feveral curious water, and the lower place, where the Fountain is to 
obfervations upon-eclipfes of the fun and moon, in va- play; which maybe done in this manner: Having a 
rious places ; and was particularly noted for inventing, head of water, naturally, or, for want of fuch, make 
®* wefl as improving, aftronomical and other mathema- an artificial one, raiftrig the water by pumps, or other 
tical inflruments. After a long declining Rate of machinery: from this head convey the water inciofe 
health, he died’at Grefham-college in 1652. pipes, in any direction, down to the place where the 

His printed works are as follow ; of which the firft Fountain is to play; and there let it iffue through an ad- 
two articles were publifhed before his death, and the jutage, or fmall hole, turned upward’-, by which means 
reft of them after it., it will fpout up nearly as high as the head of the water 

X. The Defcription and Ufe of a-fmall Portable Qua- comes from, as above mentioned. 
dr ant, for the eafy finding the hour of Azimuth ; 4to, To ConflruH an Artificial Fountain, flaying by t r c 
1624. Originally publifhed at the end of Gunter’s fpring or elajlicity of the air. A vcffel proper for a re- 
Dcfcription of the Crofs-Staffe, as an appendix to it. lervoir, as All, fig. 4, plate viii, is provided cither of 

2. The Art of Dialling; 4UJ, 1638. Reprinted, metal, or glafs, or the like, ending in a fmall neck r, 

with additions, 111 167?. at the top : through this neck is put a tube cd, till the 

3. Po/lhuma Fcfleri ; by Wingate ; 4to, 1652. lower end come near the bottom of the veflVl, this being 

4. Four Treattfes of Dialling ; 4to, 1654. about half full of water. The ncck.is fo contrived, as 

5- Mifcellanie.it. or Mathsmatical Lucubrations. Pub* that a fyringe, or condenfing pipe, may be ferewed upon 

lifhed by John Tvvyfden, with additions of his*own ; the tube ; by means of which a large quantity of air 
and an appendix by JLeybourne; folio, 1659. . may be intruded through the tube into the water, out 

6. The SefJor altered, and other Seales added, fAc. qf which it will difengage itfelf, and emerge into the 

Publifhed by Leyboume in 1661, in 4to. vacant part of the veffd, and lie aver the furface of the 

There have been two other perfons of the fame water CD. 
name, who have publifhed feme mathematical pieces. Now, tire water in the vefTel being thus preffed 
Tlie firft was, by the air, which is, forex, double the denfity of the 

William FOSTER, who was a difciple of Mh external air ; and the elaftic force of air being propor- 

Oughtred, and afterward a teacher of the Mathematics tioual to its denfity, or to its gravitating force, the ef- 

in London. He diftmguifhed himfelf by a book, fedt will he the fame, as if the weight of the column - 

which he dedicated to Sir Kenelm Digby, entitled, of air, over the furface of the water, were double that 

The Circles of Proportion, and the Horizontal Injlru - of the column preffing in the tube ; fo that the water 

ment, Sec; a to, 1633.—The other was muft be forced to fpout up through, when the fyringe 

Mark FOSTER, who lived later in point of time is removed, with a force equal to the excefs of prefiure 

than either of the other two, and 'publifhed. a treat ife of the included air, above that of the external, that is, in 

entitled. Arithmetical Trigonometry : being the folutinn of this inftance, with a force equal to the prefiure of an 

all the ufual Cafes in Plain Trigonometry by Common entire column of the atmofphero; which being equal 

Arithmetic, without any tables whatfoever. izmo, 1690. to the prefiure of a column of 3 3 or 34 feet of water, it 

FOUNDATION, that part of a.building which is follows that the Fountain will play to nearly 33 or 34 

undergrounds or the mafs which fupports a building, feet high. 

and upon which it Rends: or it is the coffer or bed Thefe aereal or aquatic Fountains may be applied in 

dug below the level of the ground, to raife a building different ways, fo as to exhibit various appearances ; 

upon. and from thefe alone arifes the grcatcit pan of our arti- 

FOUNTAIN, in Philofophy,- a fpring or fourcc of ficial water-works: even the engine for extinguishing 

water rifing out of the Ground. See Spring. fire, is a Fountain playing by the force of confined 

Fountain, or Artificial Fountain, in Hydraulics, air. 
a machine-nr contrivance by which water is violently A Fountain /pouting the wattr in varicus directions. 
fpouted or darted up ; called alfo a Jet d’eau. SuppofeAB the vertical tube, or fpout, in which thewa- 

There are various kinds of Artificial Fountains, but ter rifes, (fig. 3, pi. viii): into this let feveral other tubes 

all formed by a preffure of one fort or another upon the be fitted; fome horizontal, other* oblique, or inclining, 

water &c, viz, either the preffure or weight of a head or reclining, See, as at E, H» L, N, P, See. Then, 

of water, or. the preffure arifing from the fpring and as all water retains the direction of the aperture tin o:igh 
elaftic it y of the air, See. When .thefe are formed by winch it comes, that iffuing through A will rile per- 

the preffure of a head of water, or*any other fluid of the peudicularly; aud the reft will tend different ways, 

fame kind with the Fountain, or jet, then will this deferibing arches of different magnitudes, 
fpout up nearly to the fame height as that head, abating Or thus: Suppofe the vertical tube AB (fig. 6) 
only a little for the refiftance of the air, with that of through which the water rifes, to be flopped at the 

top. 
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top, as in A; and, inflcad of pipes or cocks, let it be 
only perforated with little holes all arouud or only half 
round its furfacc : then will the water fpin out, in all di¬ 
rections, through the little holes, to different dis¬ 
tances. 

And hcncc, if the tube AB be about the height of a 
man, and having a turn-cock at C ; upon opening this 
cock, the fpcCtators will be Sprinkled unexpectedly 
with a ihower. . 

Fountain playing by chawing the breath. Suppofr AB 
pig. 8, plate vi), a globe of glafs, or metal, in which 
is htted a tube CD, baviug a Small orifice in C, and 
reaching almoit to D, the bottom of the globe. Then 
if the air be fucked, or drawn with the mouth, out of 
the tube CD, and the oriiiee C be immediately im- 
merged under cold water, the water will afeend through 
the tube into the Sphere. Thus proceeding, by ic- 
pcated exfutlious, till the veil'd be above half full of 
water ; then applying the mouth to C, and blowing 
air into the tube, upon removing the mouth, the water 
will fpout forth. 

Or, if the globe he put into hot water, the air 
being thus rarefied, will make the water fpout as be¬ 
fore. 

And this kind of Fountain is called Pila Hcronis, or 
Hero’s Ball, from the name of its inventor. 

Fountain, whofrJlream raifes and plays a brafs half 
Provide a hollow brafs ball A (iig. y, pi. vi), made 
very thin, that its weight may not be too great for the 
force of the water ; and let the tube BC, through 
which the water rifes, be exatllv perpendicular to the 
horizon. Then the ball, being laid in the bottom of the 
cup or bafon B, will be taken up in the ftream, and 
fuftained at a confidcrablc height, playing a little up 
and down. 

Fountain which /pouts water in form of a Jhozuer. 
To the tube in which the water is to rife, lit a fpheri- 
cil, or lenticular head AB (iig. 1, pi. xi) made of a 
plate of metal, and perforated at the top with a great 
number of little boles. The water riling violently to¬ 
wards AB, will be there divided into innumerable little 
threads, and afterwards broken, and difperfed into the 
fineft drops. 

Fountain which Jfrends the water in form of a table¬ 
cloth. To the tube AB (fig. 2, pi. xi) folder two 
fphcrical fegments, C and 1 ), almofl touching each 
other, with a ferew li, to contra 61 or amplify the in- 
terftice or chink, at pleafure. Some choofe to make a 
Smooth and even cleft, in a fphcrical or lenticular head, 
fitted upon the tube. The water fpouting through this 
chink or cleft will expand itfelf like a cloth.—And thus, 
the fountain may be made to fpout out in the figure of 
men, or other animals. 

Fountain, which, when it has done /pouting, maybe 
turned like an hour-g/er/s. Provide two glaffes, A and 
B, (fig. 3, pi. xi) to be fo much the larger as the foun¬ 
tain is to play the longer, and placed at fo much the 
greater diftance from each other as the water is defired 
to fpout the higher. Let CDE be a crooked tube, 
furnilhed in E with a jet; and GHI another bent tube, 
furnifhed with a jet in I: GF and KL arc to be other 
lefier tubes, open at both ends, and reaching near the 
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bottom of the veffels A and B, to wliich the tubes CD 
and GH are likewife to reach. 

Now if the vcflel A be filled with water, it will 
defeend through the tube CD ; and it will fpout up 
through the jet E, by the prefliire of the column of 
water CD. But unlefs the pipe GF were open at G, 
to let the air run up to F, and prefs at the top of the 
furfacc of the water in the cavity A, the water could not 
run down and fpout at E. After its fall again, it will 
fink through the little tube KL, into the veltel B, and 
expel the air through the tube GI. At length, when 
all the water is emptied out of the velTel A, by turning 
the machine uplidc down, the vefiel B will be the refer- 
voir, and make the water fpout up through the jet I, 
the pipe KL fupplying B with air to let the water de¬ 
feend in the direction GHI. 

Hence, if the veffels A and B contain juft as much wa¬ 
ter as will be fpouted up in an hour’s time, we fliall 
have a fpouting clipfydra, or water-clock ; which mar 
be graduated or divided into quarters, minutes, &c. 

Fountain of Command. This depends on the fame 
principles with thofe of the former: CAE (fig. 4, pi. 
xi) is a vefiel of water fccured againft the entrance of 
the air, except through the pipe GF, when the cock 
C\ by which it is filled, is fhut. There is another pipe 
F.DHB, going from the bottom of the water to the 
jet B in the hnfou DB ; but this is flopped by the cock 
H. At the lowefl part of the bafon DB, there is a 
fmall hole at I, to let the water of the bafon DB run 
into the bafon GH under it ; there is alfo a fmall tii- 
angular hole or notch, in the bottom of the pipe FG, 
at G. Turn the cock H, and the fountain will play 
for fome time, then flop, then play again alternately 
for feveral times together. When thofe times of play¬ 
ing and flopping are known before hand, you may 
command the Fountain to play or flop; whence its 
name. The caufe of this phenomenon is as follows : 
the water coming down the pipe EDHB, would not 
come out at B, if the air Sx, above the water, were 
not fupplied as it dilated: now it is fupplied by the pipe 
GF, which takes it in at the notch G, and delivers 
it out at F; but after fome time the water, which was 
fpouted out at B, falling down into the bafon DB, 
rifes high enough to come above the notch G, which 
flops the pafiage of the air ; fo that the air Sx, above 
the water in the vefiel CAE, wanting a fupply, cannot 
fufficiently prefs, and the Fountain ceafcs playing : 
But when the water of DBhas run down into the lower 
bafon GH, through the hole I, till it falls below the 
top of the notch G, the air runs up into the upper re¬ 
ceptacle, and fupplics that at Sx, and the Foun|ain 
plays again. This is feen a little before hand, by a fkin 
of water on the notch G, before the air finds a pafiage, 
and then you may command the Fountain to play, it 
is evident that the hole I mull be lei's than the hole of 
the jet, or elfe all the water would run out into the 
lower bafon, without riling high enough to flop the 
notch G. 

Fountain that begins to play upon the lighting 0/ 
candles , and ccafes as they go out. Provide two cylindti- 
cal veffels, AB and CD, (fig. 7, pi. xi.) connect them 
by tubes, open at both ends, KL, BE, Sec, fo that 
tnc air may defeend out of the higher into the lower: 

to 



F O U 


FRA 


C 5°5 3 


To the tubes folder candlefticks, H, & c, and to the hol¬ 
low cover of the lower veflel CE, fit a little tube or 
jet, FG, furnifhed with a cock G, and reaching almoft 
to the bottom of the veflel. In G let there be an aper¬ 
ture, furnifhed with a fcrew, by which water may be 
poured into CD. Then, upon lighting the candles H, 
&c, the air in the contiguous tubes becoming rarefied 
by the heat, the water will begin to fpout through GF. 

By the fame contrivance may a ftatuc be made to 
flied tears upon the prefence of the fun, or on the light¬ 
ing of a candle, &c: all that is here required, being 
only to lay tubes from the cavity where the air is rare¬ 
fied, to fome other cavities placed near the eyes, full of 
water. 

A Fountain by the Rarrfattion of the air, may be 
made in the following manner : Let AB and CD, fig. 
$, pi. xi, be two pipes fixed to a brafs head C, made 
to fcrew into a glafs veflel E, which having a little 
water in it, is inverted till the pipes are ferewed on ; 
then reverting it fuddenly, fo as to put A, the lower 
end of the fpouting pipe AB, into a jar of water A, 
and the lower end of the defeending pipe CD, into a 
receiving veflel D, the water will ipout up from the 
jar A into the tall glafs veflel E, from which it will go 
down at the mouth C, through CD, into the veflel D, 
till the water is wholly emptied out of A, making a 
Fountain in E, into D. The rcafon of the play of the 
Fountain is this : the pipe CD, being 2 feet 9 inches 
long, lets down a column of water, which rarefies the 
air 1-12th part in the veflel E, where it prefles againft 
the water fpouting at B with i-i2th of the force by 
which the water is pufhed up at the hole A, by the 
preflure of the common air on the water in the veflel 
A 5 fo that the water fpouts up into E, when the air 
is rarefied i-i2th, with the difference of the preflure of 
the atmofphere, and the forementioned rarefied air; 
i. e. of 33 to 2|, or of 12 to 1. This would raife the 
water 2 feet 9 inches; but the length of the pipe A, 
of 9 inches, being dedu&ed, the jet will only rife 2 
feet. This, fays Defaguliers, may he called a fyphon 
Fountain, where AB is the driving leg, and CD the if- 
fning leg. 

Fous iain of Hero of Alexandria, fo called, bccaufe 
it was contrived by him. In the fecond Fountain 
above deferibed, the air is compreffed by a fyringe ; in 
this, (fee fig. 6 , pi. xi) the air, being only compreffed 
by the concealed fall of water, makes a jet, which, after 
fome continuance, is coniidered by the ignorant as a 
perpetual motion ; btcanfe they imagine that the fame 
water which fell from the jet rifes again. The boxes 
CE and DYX, being clofc, we fee only the bafon 
ABW, with a hole at W, into which the water fpout¬ 
ing at B falls ; hut that water does not come up again ; 
for it runs down through the pipe WX into the box 
DYX, from whence it drives out the air, through the 
afeeuding pipe YZ, into the cavity of the box CE, 
where, prefling upon the water that is in it, it forces it 
out through the fpouting pipe OB, as long as there is 
any water in CE ; fo that this whole play is only whilll 
the water contained in CE, having fpouted out, falls 
down through the pipe WX, or of the boxes CE and 
DY above one another: the height of the water, 
meafured from the bafon ABW to the furface of the 
water in the lower box DYX, is always equal to the 
’VOL. I. 


height meafured from the top of the jet to she furface 
of the water in the middle cavity at CE. Now, lince 
the furface CE is always falling, and the water in DY 
always rifing, the height of the jet muff continually de¬ 
crease, till it is fliortcr by the depth of the cavity CE, 
which is emptying, added to the depth of the cavity 
DY, which is always filling; and when the jet is fallen 
fo low, it immediately ceales. The air is reprefented 
by the points in this figure. 

To prepare this Fountain for playing, which ftiould 
be done unobferved, pour in water at W, till the cavity 
DXY is filled ; then invert the Fountain, and the 
water will run from the cavity DXY into the cavity 
CE, which may be known to be full, when the water 
runs out at B held down. Set the Fountain up again, 
and, to make it play', pour in about a pint of water into 
the bafon ABW ; and as foon as it has filled the pipe 
WX it will begin to play, and continue as long as there 
is any water in CE. You may then pour back the 
water left in the bafon ABW, into any veflel, and in¬ 
vert the Fountain, which, being fet upright again, will 
be made to play, by' putting back the water poured 
out into ABW ; and fo on as often as you pleafe. 

Spouting Fountain, or Jet d’Eau, is any Fountain 
wliofe water is darted forth impetuoufly through jets, 
or ajutages, and returns in form of rains, nets, folds, or 
the like. 

Fountain ~J > en, is a pen contrived to contain a quan¬ 
tity of ink, and let it flow very gently, fo as to Amply 
the writer a long time without the ncceflity of taking 
frefh ink. 

The Fountain-pen, reprefented fig. 8, pi. xi, confills 
of divers pieces of metal, F, G, H, the middle piece F 
carrying the pen, which is ferewed into the infide of a 
little pipe 5 and this again is foldered into another 
pipe of the fame fi/.e as the lid G, in which lid is 
foldered a male fcrew, for ferewing on the cover; as 
alfo for flopping a little hole at the place, and hinder¬ 
ing the ink from palling through it: at the other end 
of the piece F is a little pipe, on the outfidc of which 
may be ferewed the top cover H. A porte-craion 
goes in the cover, to be ferewed into the laft mentioned 
pipe, to flop the end of the pipe into which the ink 
is to be poured by a funnel. 

To ule the Pen, the cover G muft be taken off, 
and the pen a little ihaken, to make the ink run more 
freely. 

FOURTH, in Mufic, one of the harmonic intervals, 
or concords. It coulills in the mixture of two founds, 
which arc in the ratio of 4 to 3 ; i. e. of two founds 
produced by chords, whole lengths arc to each other 
as 4 to 3. 

FRACTION, or Broken Number, in Arithmetic 
and Algebra, is a part, or fome parts, of another num¬ 
ber or quantity cuiilidcicd as a whole, but divided into 
a certain number of parts; as 3'4ths, which denotes 3 
parts out of 4, of any quantity'. 

Fra&ions are ufually divided into Vulgar, Decimal, 
Duodecimal, and Sexagcfimal. For the laft three forts, 
fee the refpedtive words. 

Vulgar Fractions, called alfo fimple Fratlions, are 
ufually'denoted bv two numbers, the one fet under the 
other, with a fmall line between them : thus £ denotes 
the Fraftion three-fourths, or 3 parts out of 4, of fome 
3 T whole 
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whole quantity confidered as divided into 4 equal 
parts. 

The lower number 4, is called the Denominator of 
the Fraction, (hewing into how many parts the whole 
or integer is divided; and the upper number 3, is called 
the Numerator, and (hews how many of thofe equal 
parts are contained in the Fraction. Hence it follows, 
that as the numerator is to the denominator, fo is the 
Fraction itfelf, to the whole of which it is a Fraction; 
or as the denominator is to the numerator, fo is the 
whole or integer, to the Fraction: thus,.the integer 
being denoted by I, a* 4 : 3 :: 1 :.£ the Fraction.—i 
And hence there may be innumerable Fractions all of 
the fame value, as there may be innumerable quantities 
all in tlie fame ratio, viz, of 4 to 3 ; fuch as 8 to 6, or 
12 to 9, &c. So that if the two terms of any Fraction 
i. e. the numerator and denominator, be either both 
multiplied or both divided by any number, the relulting 
Frafbon will ft ill be of the tame value : thus, £ or * or 
Yj or &c, are all of the fame value with each other. 

Fractional expreffions are ufnally dillinguilhed into 
Proper and Improper, Simple and Compound, and 
Mixt Numbers. 

A Proper Fraction, is that wliofe numerator is lefs 
than the denominator; and ronfcqucntly the Fraction 
is lefs than the whole or integer ; as 

Improper Fraction, is when the numerator is either 
equal to, or greater than, the denominator; and confc- 
quently the Fraction either c<pial to, or greater than, 
the whole integer, as ?, which is equal to the whole ; 
or 4, which is greater than the whole. 

Simple Fractions, or Single Fractions, are fuch as 
eonftft of only one numerator, and one denominator ; 
as I, or 4, or If. 

Compound Fractions are Fractions of Fractions, 
and confill of feverul Fractions, connected together by 
the word of: as j of |, or i of f of f. 

A Mixt Number cotifilts of an integer and a Fraft ion 
joined together: as 1 3, or iz\. 

The arithmetic of Fraftions confifts in the Reduc¬ 
tion, Addition, Subtraction, Multiplication, and Divi- 
fion of them. 

Reduction of Fractions is of fevcral forts ; as 1. To 
reduce a given whole number into a Fraction of any given 
denominator. Multiply the given integer by the pro- 
pofed denominator, and the produft will be the nume¬ 
rator. Thus, it 16 found that 3 = and 5 =s s 4 °, or 
7 — T • 

If no denominator be given, or it be only propofed 
to exprefs the integer Fraftion-wife, or like a Frac¬ 
tion ; fet 1 beneath it, for its denominator. So 
3 = f, and 5 = *, and 7 = \. 

2 . To reduce a given Fraftion to another Fraction equal 
■to it, that Jhall have a given denominator. Multiply the 

numerator by the propofed denominator, and divide the 
produft by the former denominator, then the quotient 
let over the propofed denominator will form the Frac¬ 
tion required. Thus, if it be propofed to reduce J to 
an equal Fraftion whofe denominator (hall be 8 ; then 
3X8 = 24, and 244-4 = 6 the numerator, fo that 
I is the Fraftion fought, being = f, and having 8 for 
its denominator. 

3. To Abbreviate , or reduce Fraftions to lower term • 
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Divide their terms, f. c. numerator and denominator, by 
any number that will divide them both without a remain¬ 
der, fo (hall the quotients be the correfponding terms 
of a new Fraftion, equal to the former, but in fmaller 
numbers. In like manner abbreviate thefe new terms 
again, and fo on till there be no number greater than 1 
that will divide tlu-m without a remainder, and then the 
Fraftion is faid to be in its lead terms. Thus, to ab¬ 
breviate ,',4 ; fiift divide both terms by j, and the 
Fraftion becomes ; next divide thefe by 3, and it be¬ 
comes l : fo that gi = t \ = J, which is iii its lead; 
terms. 

4. To reduce Fraftions to other equivalent ones of the 
fame denominator. Multiply each numerator, fcparately 
taken, by all the denominators except its own, and the 
produfts will be the new numerators ; then multiply 
all the denominators continually together, for the com¬ 
mon denominator, to thefe numerators. Thus, \ and 
f reduce to -J? and » and j, }, and f reduce to 
jo, and 

j. To find the value rf a Fraftion, in 
the known parts of its integer. Multiply* 
always the numerator by the number 
of parts of the next inferior denomina¬ 
tion, and divide the produfts by the de¬ 
nominator. So, to hnd the value of fg 
of apnund fterling; multiply y by 20 for 
(hillings, and dividing by 16, gives 11 
for the (hillings; then multiply the re¬ 
mainder 4 by 12 pence, and dividing 
by 16 gives 3 for pence: fo that 
1 is. 3d. is the value of * 1. as requir¬ 
ed. 

6. To reduce a mixt number to an equivalent improper 
Fraftion. Multiply the integer by the denominator, 
and to the produft add the numerator, for the new nu¬ 
merator, to be fet over the fame denominator as before. 
Thus 3 1 becomes 

7. To reduce an improper Fraftion to its equivalent 
whole or mixt number. Divide the numerator by the 
denominator; fo (hall the quotient be the integral part, 
and the remainder fet over the denominator will form 
the fractional part of the equivalent mixt number. 
Thus Y reduces to 3$, and J 4 = 8. 

8. To reduce a compound Fraftion to a Jimple one. 
Multiply all the numerators together for the numera¬ 
tor, and all the denominators together for the denomi¬ 
nator, of the (imple Fraftion fought. Thus, £ of $ 
= 4, and | of ? of % = J t %. 

To reduce a Vulgar Fraftion to a decimal. Sec 
DtciMALs. And for fevcral other particulars concern¬ 
ing -Reduction, as well as the other operations in Frac¬ 
tions ; fee my Arithmetic. 

Addition of Fractions. Firft reduce the Fraftions 
to their limpleit form, and reduce them alfo to a common 
denominator, if their denominators are different ; then 
add all the numerators together, and fet the fum over 
the common denominator, for the fum of all the Frac¬ 
tious as required. 

Thus, \ + f = * = 1 ; 

And $ + * = A + H ~ i ? = i iV* 

Subtraftion of Fraction s. Reduce the Fraftions the 
fame as for addition; then fubtraft the one numerator 

from 
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from the other, and fet the difference over the common 
denominator. 

So -?-*=?; 

And ;~5 = 3 f- 4 f = *|. 

To Multiply Fractions together. Reduce them all 
to the form of fan pic Fradtions, if they arc not fo} then 
multiply all the numerators together for the numerator, 
and all the denominators together for the denominator 
of the product fought. 

Thus J X f r^l 


And 


ixlx 


iV ■ 


— 7 

~ V IT — 1 !• 


To Divide Fractions. Divide the numerator by 
the numerator, and the denominator by the denomina¬ 
tor, if they will exaCtly divide. Thus, 1 ^ r -j- # = *. 

Blit if they will not divide without a remainder, then 
multiply the dividend by the reciprocal of the divifor, 
that is, by the Fraction obtained by inverting or chang¬ 
ing its terms. Thus, -,* s -j- {- — ,7 X f = f J. 

Sf/gebraie Fractions, or Fractions in Speeiet , are 
exactly finidar to vulgar Fradtions, in numbers, and all 
the operations are performed exadtly in the fame way; 
therefore the rules need not Iv* u'peated, and it may be 
fufficient here to fet down a few examples to the fore¬ 
going rules. Tlius, 

_ _. aah ,, aa 

l. the Fraction abbreviates to —. 

be c 


Chi'* — i)ax % z a* — 3-v J 

fta 1 + 


2a + x 


a 3 — a 1 .e + ax 1 


, by dividing by jnf. 

’ + 


• a r — ax a 

a — a -. See Common Mrafure. 

1 1 , c ad . 

a. —- and —; become 7-7 atm 

^ b d bd 

a common denominator. 


le 

IS 


by dividing by 


when reduced to 


a c 

r + 7 = 

a b 


ad + be 

~bd~' 

,-bx 


x z 
a r 

i x 7 y 

a 




8. --j- 


ar 

Id’ 

a 
x 


b Lx 

Continued V raction, is ufed for a Fraction whofe 
denominator is an integer with a Fraction, which latter 
Fraction has for its denominator an integer and a Frac¬ 
tion, and the fame for this lait Fradtion again, and fo 
on, to any extent, whether fuppofed to be infinitely 
continued, or broken off after any number of terms. 
Euler, Analyf. Tnf. vol. 1, p. 295. 


1 


or 


a 4- 


4 » 


As l + 

« r I + * . 1 . . 

1 + 4 4 - f + &c. 

Or, ufing letters inftcad of numbers, 


1 

a + 


+ — , * 

C + S+ J - JL < 

t -f &e. 


A „ 

or 7 a. — r 

+ b + -,D _ 

' + t+£ 

c + &C. 


When thefe ferics are not far extended, it it not dif¬ 
ficult to collcdt them by common arithmetic. 

I.ord Brounker, it feems, was the firft who confider- 
ed Continued Fradtions, or at lealt, who applied them 
to the quadrature of curves, in Wallis’s Arith. Infin. 
prop. 1 9 i, vol. 1, p. 469 &c, where this author explains 
the manner of forming them, giving feveral numeral 
examples, in approximating ratios, as well as the gene- 
ncral feries 



See, as he denotes it. 


Huygens alfo ufed it for the like purpofe, viz, to ap¬ 
proximate the ratios of large numbers, in his Defcrip. 
Autom. Planet, in Oper. Relig. p. 173 &c, edit. 
Amil. 1728. And a fpecial treatife on Continued 
Fradtions was given by Euler, in his Analyf. Infix, 
vol. 1, pa. 297 &c. 

This fnbject is perhaps capable of much improve¬ 
ment, though it lias been rather ncgledted, as very 
little ufe lias been m^de of it, except, by thofe au¬ 
thors, in approximating to the value of Fradtions, and 
ratios, that arc exprdfed in large numbers ; befides a 
method of Gonionietry by De Lagny, explained in the 
Introduction to my Logaritlims, pa. 78 ; as alfo fome 
ufe I have made of it in fu mining very flowly converg¬ 
ing feries, in my Tracts, p. 38 & fcq. 

As to the reducing of common Fradtions, and ratios, 
that are expreffed in large numbers, to Continued Frac¬ 
tions, it is no more than the common method of find¬ 
ing the greateft common meafure of thofe two num¬ 
bers, by dividing the greater by the lefs, and the laft 
divifor always by the laft remainder; for then the 
feveral quotients are the denominators of the Fradtions, 
the numerators being always 1 or unity. Thus, to find 

approximating values of the Fradtion ^ 

10000000000 

or to the ratio of 31415926535 to 1 cooooooooo, being 
the ratio of the circumference of a circle to its diame¬ 
ter, by means of a Continued Fradtion; or, to change 
the faid Common Fradtion to a Continued Fradtion : 
Dividing the greater term always by the lefs, the fame 
as to find the greateft common meafure of the faid num¬ 
bers or terms, the feveral quotients will be 3, 7, 15, 1, 
2y2, 1, 1, &C, which, alter the firft, will be the deno¬ 
minators, to the common numerator 1 ; and therefore 
the faid Fraction will be changed into this Continued 
Fraction, 


I* 1 


+ rV . , 


Hence, Hopping at any part of thefe fingle Fradtions, 
one after another, will give feveral values of the pro- 
pofed ratio, all fucceffively nearer and nearer the truth, 
but alternately too great and too little. So, flopping 
3 T 2 at 
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at f, it is 3$ = y = 3*X4 28 57 too great, or « *9 7» 
the ratio of the circumference to the diameter as given 
by Archimedes. Again, Hopping at T V> *t is 

= a—, =s=s 3'i4!Coo &c, too little. 
3 7,‘ s 3 io 6 106 0 -r 3 j 

But flopping at 5, 

It is 3—r-^- = 3-7- = 3-^- = (the ratio of 

7 iV + { 7 ‘r ”3 "3 

Mctius) = 3*1415929 Si c, which is rather too great. 
And fo on, always nearer and nearer, but alternately 
too great and too little. 

And, in like manner is any algebraic Fraft ion thrown 
into a Continued Fraction. As the Fraction 

+ a&d + acS . . . . . .... 

———-— ; -■——— -—,, which being m like 

apyS 4* ctprf + olc$ -J- byS •+■ bd 

0 y 5 

a T* 7 * IF' 

which fingle Fractions being confidcred as denomina¬ 
tors to other Fractions whole common numerator is t, 
thefe will be the reciprocals of the former, and fo will 

, ■— ; and hence the propofed corn- 


manner divided, the quotients arc 


become 


.e’v’* 

mon Fradtion is equal to this terminate Continued 
Fraction, 


+ 


& + 


+i 

~ -v • 


On the other hand, any Continued Fraction being 
given, its equivalent common Fraction will be found, 
by beginning at the la ft denominator, or lowelt end of 
the given Continued Fraction, and gradually collecting 
the Fractions backwards, till we arrive at the iklt, when 
the whole will thus be collected together into one com¬ 
mon FraAion j as was done above in collecting the 
Fractions 

? f* it *f ! 4. _i , , 

And in like manner the Continued Fraction 

— , h 
a -J—— c 

■ /? 4 * ■«" d 

y 4 * — collects into the Fraction 

O 

tipSyS 4 - a@d 4 - ad 

ufiyH 4 * a £d 4 * aC 'i 4 - byS 4 " bd 

When the given Continued Fraction is an infinite 
one, collect it lucceflively, iirll one term, then two to¬ 
gether, three together, &c, till the fum is fufficiently 
exart. Or, if thefe collected fuma converge too flowly 
to the true value, having collected a few of the terms 
into fucceffive fums, thefe being alternately too great 
and too little, the true value will be found as near as 
you pleafe by the method of arithmetical means, ex¬ 
plained in my Traits, vol. l. Trail 2, pa. 11. 

Vanifbing Fractions. Such Fractions as have both 
their numerator and'denominator vanifh, or equal to o, 
at the fame time, may be called Vani/bing Fraitions. 
We are not to conclude that fuch Fraitions are equal 
to nothing, or have no value ; for that they have a cer¬ 
tain determinate value, has been (hewn by the belt ma¬ 


thematicians. The idea of fuch Fractions as thefe, firft 
originated in a very fevere contefl among fume French 
mathematicians, in which Varignon and Rolle were the 
two chief oppofitc combatants, concerning the then 
new or differential calculus, of which the latter gentle¬ 
man was a ilrenuous opponent. Among other argu¬ 
ments againfl it, he propofed an example of drawing a 
tangent to certain curves at the point where the two 
paits crofs each other ; and as the fi-aitional expreflion 
for the fubtangent, by that method, had both its nume¬ 
rator ami denominator equal to o at the point propofed. 
Rolle looked upon it as an abfurd expreffton, and as an- 
argument againfl the method of folution itlclf. The 
feeming myitery however was foon explained, and firit 
of all by John Bernoulli. See an account of this affair 
in Montucla, Hilt. Math. vol. 2, pa. 366. 

Since that time, fuch kind of fractious have often, 
been contemplated by mathematicians. As, by Mac- 
laurin, in his Fluxions, vol. 2, pa. 698 : Saunderfon. 
in his Algebra, vol. 2, art. 469 : De Moivre, in Mifcel 
Anal. pa. 165 : Emerfon, in his Algebra, pa. 212 : 
and by many others. The fame fractions have alio 
proved a flumbling-block to more mathematicians than 
one, and the cauf* of more violent controverlies j wit- 
nefs that between Powell and Waring, when they were 
competitors for the profefforfhip at Cambridge. In 
the fpcciinen of a work publiilied on occaiion of that 

competition, by Waring, was the fraction ———, 

which he faid became 4 when p was rr 1. This was 
itiuck at by Powell, as abfurd, becaufe wlien^ = 1, then 

P ~P S _ 1 - 1 ° 

- — - = — winch was one 


the fradtion 

1 — p 1 — 1 o' 
chief caufc of his not fuccecding to the profefforfhip. 
p—p* 

Waring replied that —— is = p 4- p* 4. -f p* 

(by common divifion) = 1+1 + 1 4-1=4, when 
p is = 1. Sec the eontroverfial pamphlets that paffeil 
between thofe two gentlemen at that time. 

There are two modes of finding the value of fuch 
fractions, that have been given by the gentlemen above 

? [Uoted. The one is by cunfidcring the terms of tlu: 
raCtion as two variable quantities, continually decreaf- 
ing, till they both vanifh together ; or finding the ulti¬ 
mate value of the ratio denoted by the fraction. In 
this way of confidering the matter, it appears that, as 
the terms of the fradtion arc fuppofed to decreafe till 
they vanifh, or become only equal to their fluxions or 
their increments, the value of the fradtion at that Hate, 
will be equal to the fluxion or increment of the numera¬ 
tor divided by that of the denominator. Hence then, 

taking the example when x = 1 ; the fluxion 

of the numerator is * —• ja 4 .v, and of the denominator 
— x; therefore 


•v— 5 * 4 -* 


1—Sx 4 kx*— 1 

--= —-— — ^x*— 1—5 — 1 — 4 > 


— 1 


the value of the fradtion 


K—** 
1 — X 


when 


x = 1.- 


-Or, 


thus, becaufe x ss 1, therefore 


X—X* I —X* 


I —x 1 —X 

then the fluxion of the numerator, — 4**.*, divided by 

tire 
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the fluxion of the denominator, or —.*> gives 4** or 4, 
the fame as before. 

The other method is by reducing the given expreflion 
to another, or Ample form, and then fubftituting the 
values of the letters. So in the above example 

*- -- , or -——, when x =.1 : divide the numerator 

1 — v 1 — x 

by the denominator, and it becomes 1 + x 4- ** + ■*'*» 
w liich when x — 1, becomes 4, for the given fraction, 
the fame as before.—Again, to find the value of 

— v -‘ ,X —— when x is = a, in which cafe both the nil- 

merator and denominator become =0. Divide the nu¬ 
merator by the denominator, and the quotient is 


V'tf v + .r - ; which when x : 

v a 


; a , becomes 


a+a -\-ti — 3*7, for the value of the fraction in that Hate 
of it. 

PRAISE, in Fortification, a hind of defence, con- 
lilting of pointed Hakes, driven ahnolt parallel to the 
horizon into the retrenchments of a camp, Sec, to ward 
off and prevent any approach or fealade. 

FR ANKI. 1 N (Dr. BnNjAMiN), one of the molt ce- 
lcbratcdphilofophers and politicians of the 18thcentury, 
was born in Rollon in North America in the year 1706, 
being the youngelt of 13 children. His fattier was a 
tallow-chandler in Bolton, and young Franklin was 
taken from fchool at 10 years of age, to alfilt him in 
his bufinefs. In this fituation he continued two 
years ; but dilliking that occupation, he was bound ap¬ 
prentice to an elder brother, who was then a printer m 
Bolton, but had learned that hulinefs in London, and 


who in the year 1721 began to print a newfpaper, bung 
the fecond ever publifhcd in America ; the copies of 
which our author was fent to diftribute, after having 
aflilled in computing and printing it. Upon this occa- 
fion, our young plulofopher enjoyed the fee ret and lin¬ 
gular pleafure of being the much admired author of 
many eflays in this paper; a circumllancc which he had 
the addrefs to keep a fecret even from his brother him- 
felf; and this when lie was only 15 years of ago. The 
frequent ill ufage from his brother, induced young 
Franklin to quit liis fervice, which he did, at the age 
of 17, and went to New York. But not meeting em¬ 
ployment here, he went forward to Philadelphia, where 
he worked with a printer a fhort time; after which, 
at the inllance of Sir William Keith, governor of the 
province, he returned to Bofton to folieit pecuniary af- 
fillance from his father to fet up a printing-houfe for 
himfelf at Philadelphia, upon the promife of great en¬ 
couragement from Sir William, See. His father how¬ 
ever thought fit to refufe fuch aid, alleging that lie 
was yet too young (18 years old) to be entrulled with 
fuch a concern; fo our author again returned to Phi¬ 
ladelphia without it. Upon this, Sir William faid be 
would advance the fum that might be neceffary, and our 
young philofophcr Ihould go to England, and purchafe 
all the types and materials, for which purpofe he would 
give him letters of credit. He could never however 
get thefc letters, yet by dint of fair promifes of their 
being fent on board the fliip after him, he failed for 
England, expedting thefc letters of credit were in the 
governor's packet, which he was to receive upon its 


5 


being opened. In this however he was cruelly deceived, 
and thus he was lent to London without either money, 
friends, or credit, at 18 years of age. 

He foon found employment, however, as a journey¬ 
man printer, fir(l at a Mr. Palmer’s, and afterward with 
Mr. Watts, with whom he worked a confiderable time, 
and by whom he was greatly efteemed, being alfo 
treated with fuch kindnefs, that it was always molt 
gratefully remembered by our philofophcr. 

After a ftay of 18 months in London, he returned to 
Philadelphia, viz in 1726, along with a merchant of 
that town, as his clerk, on a falary of 50 pounds a year. 
But his mailer dying the year after, he again engaged 
to diredt the printing Luiinefs of the fame perfon with 
whom he had worked before. After continuing with 
him the belt part of a year, our philofophcr, in partner- 
Ihip with another young man, at length fet up a print- 
ing-houfc himfelf. 

A little before this time, young Franklin had gradual¬ 
ly nffociated a number of pcrfbns, Jike himfelf, of a ra¬ 
tional and philofophical turn of mind, and formed them 
into a club or fociety, to hold meetings, to converfe and 
communicate their fentiments together, for their mutual 
improvement in all kinds of ufeful knowledge, which 
was in high repute for many years after. Among many 
other uleful regulations, they agreed to bring fuch 
books as they had into one place, to form a common 
library. This refource being found defedtive, at Frank¬ 
lin’s perfualion they refolved to contribute a fmall fum 
monthly towards the purchafe of books for their ufe 
from London. Thus their Hock began to increafe ra¬ 
pidly ; and the inhabitants of Philadelphia, being de- 
firous of having a lhare in their literary knowledge, 
propufed that the books Ihould be lent out on paying a 
fmall fum for the indulgence. Thus in a few years the 
fociety became rich, and poflefled more books than were 
perhaps to be found in all the other colonics : the col- 
ledlion was advanced into a public library ; and the other 
colonies, fenfible of its advantages, began to form fimi- 
lar plans; from whence originated the libraries at 
Boflon, New York, Charlcltown, &c ; that of Philadel¬ 
phia being now not inferior to any in Europe. 

About 172H or 1729, young Franklin fet up a newf¬ 
paper, the fecond in Philadelphia, which proved very 
profitable, and olherwife ufeful, as affording an oppor¬ 
tunity of making himfelf known as a political writer, 
by inferring fcveral of his writings of that kind into it. 
In addition to his printing-houfe, he fet up a (hop to 
fell books and fiationary; and in 1730 he married his 
wife, who proved very ufeful in afiifiing to manage 
the fliop, See. He afterward began to have fome lei- 
furc, both for reading books, and writing them, of 
which he gave many fpccimens from time to time. In 
1732 he began to publilh Poor Richard’s Almanac, 
which was continued for many years. It was always 
remarkable for the numerous and valuable eoncife 
maxims which it contained, for the occonnmy of human 
life, all tending to exhort to induitry and frugality ; and 
in the almanac for the lait year, all the maxims were 
collected in an addrefs to the reader, entitled. The Way 
to Wealth. This has been tranflated into various lan¬ 
guages, and inferted in different publications. It has 
alfo been printed on a large iheet, proper to be framed, 
and hung up in confpicuous places in all houfes, as it 

verv 
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very well deferves to be. Mr. Franklin became gra¬ 
dually more known for bis political talents, and in the 
year 1756, he was appointed clerk to the General Af- 
fcmbly of Pennfylvania s and was re-eledled by fucceed- 
ing affemhlics for feveral years, till he was chofen a re- 
mffentativc for the city of Philadelphia } and in 1737 
ic was appointed poft-rr.after of that city. In 1738, he 
formed the fivft fiie-company there, to extingnifh and 
pi event fires and the burning of houfes : an example 
which was foon followed by other perfons, and other 
places. And foon after, he fuggefted the plan of an 
affociation for infuring houfes and (hips from lofies by 
fire, which was adopted ; and the affociation continues 
to this day. In the year 1744, during a war between 
France ard Great Britain, fnme French and Indians 
made inroads upon the frontier inhabitants of the pro¬ 
vince, who were unprovided for fucli an attack: the 
fituation of the ptevince was at this time truly alarming, 
being deflitute of every means of defence. At this criiis 
Franklin Hepped forth, and propofed to a meeting of the 
citizens of Philadelphia, a plan of a voluntary affocia¬ 
tion for the defence of the province. This was approv¬ 
ed of, and figned by 1200 perfons immediately. Copies 
of it were circulated through the province; and in a 
fhort time the number of figners amounted to 10,000. 
Franklin was chofen colonel of the Philadelphia regi¬ 
ment ; but he did not think proper to accept of the 
honour. 

Puifuits of a different nature now occupied the great- 
eft part of his attention for Ionic years. Iking always 
nuichaddidfcd tothe ftudy of natural philofophv; and the 
difeovery of the Leyden experiment in cleCh'icit y hav¬ 
ing rendered that Science an objeft of general curiofity ; 
Mr. Franklin applied himfelf to it, and foon began to 
diftinguifti himfelf eminently in that way. He engaged 
in a courfc of electrical experiments with all the ardour 
and thiril for difeovery which characterized the pliilo- 
fophers of that day. By tliefc, he was enabled to make 
a number of important difcovcrics, and to propofa theo¬ 
ries to account for various phenomena; which have been 
generally adopted, and which will probably endure for 
ages. His observations he communicated, in a feries of 
letters, to his friend Mr. Collinfon ; the firft of which is 
dated March 28, 1747. In thefe he makes known the 
power of points in drawing and throwing off the electric 
matter, which had hitherto cfcapcd the notice of electri¬ 
cians. He silfo made the difeovery of a plus and minus, 
or of a poftivr and negative Hate of electricity ; from 
whence in a fatisfa&ory manner he explained the phe¬ 
nomena of the Leyden phial, firft obferved by Curious 
or Mufchenbroeok, which had much perplexed philofo- 
phers. He {hewed that the bottle, when charged, con¬ 
tained no more electricity than before, but that as much 
was taken from onciide as was thrown on the other ; 
and that, to difeharge it, it was only ncccffary to make 
a communication between the two tides, by which the 
equilibrium might be rcilored, and that then 110 figns of 
eleCfricity would remain. He afterwards demonltrated 
by experiments, that the eleCtricity did not refide in 
tlie coating, as had been fuppofed, but in the pores of 
the glafs itfelf. After a phial was charged, he removed 
the coating, and found that upon applying a new coat¬ 
ing the fhock might Hill be received. In the year 1749, 
he firft fuggefted his idea of explaining the phenomena 


of thunder-gufta^ and of the aurora borealis, upon elec¬ 
trical principles. He points out many particulars in 
which lightning and electricity agree ; and he adduces 
many fads, ana reafoning from fads, in fupport of his 
pofitions. In the fame year he conceived the bold and 

f rand idea of afeertaining the truth of his dodrine, 
y adually drawing down the forked liglitning, by 
means of (harp-pointed iron rods railed into the region 
of the clouds 5 from whence he derived his method of 
fecuring buildings and {hips from being damaged by 
lightning. It was not until the fummer of 1752 that he 
was enabled to complete his grand difeovery the expe¬ 
riment of the eleCtrical kite, which being raffed up into 
the clouds, brought thence the eleCtricity or lightning 
down to the earth; and M. lVAlibard made the 
experiment about the fame time in France, by follow¬ 
ing the track which Franklin had before pointed out. 
The letters which he lent to Mr. Collinfon, it is faid, 
were refuted a place among the papers of the Royal So¬ 
ciety of London ; and Mr. Collinfon publilhed them in 
a Separate volume, under the title of New Experiments 
and ObfO'various on Elethicity, made at Philadelphia , in 
America ; which were read with avidity, and foon tranf- 
latcd into different languages. His theories were at 
lirll oppofed by feveral pliftofophers, and by the mem¬ 
bers of the Royal Society of London; but in 1755, 
when he returned to that city, they voted him the gold 
medal which is annually given to the perfon who pre- 
fents the bell paper on fume intcrcfting fubjeCt. He 
was alio admitted a member of the Society, and had the 
degree of doftor of laws conferred upon him by dif¬ 
ferent univerfitics; but at this time, by reafon of the 
war which broke out between Britain and France, he 
returned to America, and interefted himfelf in the pub¬ 
lic affairs of that country. Indeed he had done this 
long before ; for although philofophy was a principal 
object of Franklin’s purfuit for feveral years, he did 
not confine himfelf to it alone. I11 the year 1747 he 
became a member of the General Affembly of Pennfyl¬ 
vania, as a burgefs for the city of Philadelphia. Being 
a friend to the rights of man from his infancy, he foon 
diftinguiffted himfelf as a Heady opponent of the un¬ 
juft fchemes of the proprietaries. He was foon look¬ 
ed up to as the head of the oppofition; and to him 
have been attributed many of the fpirited replies of the 
affembly, to the meffages of the governors. His in¬ 
fluence in the body was very great. This arofe not from 
any fuperior powers of eloquence ; he fpnkc but feldon 
and he never was known to make any thing like an ela¬ 
borate harangue. His fpccches often confiftcd of a 
iingle fentence, or of a well-told ftory, the moral of 
which was always obvioufly to the point. He never 
attempted the flowery fields of oratory. His manner 
was plain and mild. His ftyle in (peaking was, like 
that of his writings, Ample, unadorned, and remark¬ 
ably concifc. With this plain manner, and his pene¬ 
trating and folid judgment, he was able to confound 
the moft eloquent and fubtle of his adversaries, to 
confirm the opinions of his friends, and to make con- 
verts of the unprejudiced who had oppofed him. With 
a Angle observation, he has rendered of no avail a long 
and elegant difeourfe, and determined the fate of a 
queftion of importance. 

la the year j 749, be propofed a plan of an academy, 
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to be erefted in the city of Philadelphia, as a founda¬ 
tion for poltcritjr to creft a feminary of learning, more 
extenfive and fuitable to future circumftances; and in 
the beginning of 17^0, three of the fchools were open¬ 
ed, namely, the Latin and Greek fchool, the Mathe¬ 
matical, and the Englifh fchools. This foundation foon 
after gave rife to another more extenfive college, in¬ 
corporated by charter May 27, 1755, which dill fub- 
fifts, and in a very flouriihing condition. In 1752, he 
was indrumental in the cdabli/hinent of the Pennsyl¬ 
vania Hofpital, for the cure and relief of indigent in¬ 
valids, which has proved of the greateft ufe to that clafs 
of perfons. Having conduced himfclf fo well as Poft- 
multcr of Philadelphia, he was, in 1753, appointed De¬ 
puty Poftmafter-geiieril for the whole Britifh colonics. 

The colonies being much expofed to depredations in 
their frontier by the Indians and the French, at a meet¬ 
ing of commilfioncrs from feveral of the provinces, Mr. 
Franklin propofed a plan for the general defence, to 
ellablifli in the colonies a general government, to be ad- 
mimllered by a prefident-general, appointed by the 
crown, and by a grand council, confiding of members 
chofcn by the reprefentatives of the different colonies ;• 
a plan which was unanimoufly agreed to by the com- 
millionas prefent. The plan however had a lingular 
fate: It was difapproved of by the miniftry of Great 
Britain, becaufe it gave too much power to the repre- 
fentativtls of the people ; and it was rejefted by eveiy 
affemhly, as giving to the prefident general, who was 
to be the reprefentative of the crown, an influence 
greater than appeared to them proper, in a plan of go¬ 
vernment intended for freemen. Perhaps this rejection, 
on both fidcs, is the ftrongeft proof that could be ad¬ 
duced of the excellence of it, as fuited to the fituation 
of Great Britain and America at that time. It ap¬ 
pears to have fleered cxaftly in the middle, between the 
oppofite intends of both. Whether the adoption of 
this plan would have prevented the feparation of Ame¬ 
rica from Great Britain, is a queition which might af¬ 
ford much room for fpeculation. 

In the year 1755, General Braddock, with fome re- 

? 'intents of regular troops, and provincial levies, was 
int to dlfpoflefs the French of the pods upon which 
they had fei/.ed in the back fcttlements. After the 
men were all ready, a difficulty occurred, which had 
nearly prevented the expedition. This was the want 
of waggons. Franklin now depped forward, and, with 
the affidancc of his fon, in a little time procured 1 yo. 
After the defeat of Braddock, Franklin introduced into 
the affemhly a bill for organizing a militia, and had the 
dexterity to get it pafled. In confequence of this aft 
a very refpi ftable militia was formed; and Franklin 
was appointed colonel of a regiment in Philadelphia, 
which confided of 1200 men j in which capacity he 
acquitted himfclf with much propriety, and was of 
Angular fervice; though this militia was foon after dif- 
banded by order of the Englifh minidry. 

In 1757, he was fent to England, with a petition to 
the king and council, againd the proprietaries, whoro- 
fufed to bear any fhare in the public expences and 
affefiments; which he got fettled to the fatisfaftion of 
the date. After the completion of this buiinefs, 
Franklin remained at the court of Great Britain for 
fome time, as agent for the province of Pennfylvania j 


and alfo for thofe of Madacliufetts, Maryland, and 
Georgia. Soon after this, he publifhed his Canada 
pamphlet, in which he pointed out, in a very forcible 
manner, the advantages that would refult from the con- 
qued of this province from the French. An expedi¬ 
tion was accordingly planned, and the command given 
to General Wolfe; the fuccefsof which is well known. 
He now divided his time indeed between philofophy 
and politios, rendering manyfervices to both. Whilft 
here,, he invented the elegant mulical indrament called 
the Armonlca , formed of glades played on by the fin¬ 
gers. In the fummer of 1 762 lie returned to America; 
on the paffage to which he obferved the lingular effeft 
produced by the agitation of a veffel, containing oil 
floating on water: the upper furface of the oil remained 
fmooth and undid urbed, whilit the water was agitated 
with the utmod commotion. On his return he receiv¬ 
ed the thanks of the Aflembly of Pennfylvania, which 
having annually elefted him a member in his abfcnce, 
he again took his feat in this body, and continued a 
Heady defender of the liberties of the people. 

In 1764, by the intrigues of the proprietaries, 
Franklin loll his feat in the alfembly, which he had 
poffeffed for 14 years ; but was immediately appointed 
provincial agent to England, for which country he 
prefently fet out. In 1766 he was examined before 
the parliament relative to the damp-act; which was 
foon after repealed. The fame year he made a journey 
into Holland and Germany ; and another into France; 
being everywhere received with the great ell refpeft by 
the literati of all nations. In 1773 he attracted the 
public attention by a letter on the duel between Mr. 
Whately and Mr. Temple, concerning the publication 
of Governor Hutchiiifou’s letters, declaring that he was 
the perfon who had difeovered thofe' letters. On the 
2yth of January next year, he was examined before the 
privy-council on a petition he had prefented long before 
as agent for MaflachufcttsBay againd Mr. Hutehinfon; 
but this petition being difagrccable to niiniflrv, it was 
precipitately rejected, and Dr. Franklin was foon after 
removed from his office oi Poflmaller-gencral for Ameri¬ 
ca. Finding now all efforts to redorc harmony between 
Great Britain and her colonies ufclefs, lie returned to 
America in 1775 ; juU after the commencement of holli- 
lities. Being named one of the delegates to tilt Conti¬ 
nental Congrefs, lie had a principal lharc hi bringing 
about the revolution and declaration of independency ou 
the part of the colonies. In 1776 he was deputed by 
Congrcls to Canada, to negotiate with the people of that 
country, and to perfuade them to throw off the Britifh 
yoke ; but the Canadians had been fo much difgufled 
with the hot-headed zeal of the New Englanders, who 
had burnt fome of their chapels, that they refufed to 
liden to the propofids, though enforced by all the ar¬ 
guments Dr. Franklin could make ufe of. On his re¬ 
turn to Philadelphia, Congrels, fenfible liow much he 
was edeemed in France, lent him thither to put a finifli- 
ing hand to the private negotiations of Mr. Silas Deane; 
and this important cominiffioii was readily accepted by 
the Doftor, though then in the 71 il year of his age. 
The event is well known ; a treaty«cf alliance and com¬ 
merce was figned between Fiance and America; and* 
M. Le Roi afferts, that the Doftor had a great fhare in 
the tranfuftion, by ltrongly adviling M. Maurcpas not 
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10 lol'e a Angle moment, if he wiflurd to fecure the 
friendihip of America, and to detach it from the mo¬ 
ther-country, In 1777 he was regularly appointed 
plenipotentiary from Congrcfs to the French court; 
but obtained leave of difmifiion in 1780. Having at 
length feen the full aceomplifhment of his wilhes by the 
conclufion of the peace in 1783, which gave indepen¬ 
dency to America, he became defirous of reviiiting his 
.native country. He therefore rcquelled to be recall¬ 
ed ; and, after repeated folic it at ions, Mr. Jefferfon was 
appointed in his Head. On the arrival of his fuccefl'or, 
he repaired to Havre de Grace, and croffing the chan¬ 
nel, landed at Newport in the lfle of Wight; from 
whence, after a favourable paffage, he arrived fafe at 
Philadelphia in September 1785. He was received 
amidft the acclamations of a vail multitude who flocked 
from all parts to fee him, and who condufted him in 
triumph to his own houfe ; where in a few days he was 
viiited by the members of the Congrcfs and the principal 
inhabitants of Philadelphia. He was afterward twice 
chofcn prefident of the Affembly of Philadelphia ; but 
his increafing infirmities obliged him to alk permifllqn 
to retire, and to fpend the remainder of his life in 
tranquillity ; which was granted, in 1788. After this, 
the infirmities of age increafed fall upon him ; he be¬ 
came more and more afflifted with the gout and the 
Itone, till the time of his death, which happened the 
17th of April 1790, about ri at niglit, at 84 years 
of age; leaving one fon, governor William Franklin, 
a zealous loyalill, who now refides in London ; and a 
daughter, married to Mr. William Bache, merchant in 
Philadelphia. 

Doftor Franklin was author of many trafts on elec¬ 
tricity, and other branches of natural philofophy, as 
well as on politics, and mifccllaneous fubjefts. tie had 
alfo many papers inferted in the Philofophical Tranfac- 
tions, from the year 1757 to 1774. 

FREEZE, or Fmze, in Arcliitefture, a large flat 
member, being that part of the entablature of columns 
that feparates the architrave from the cornice. 

FREEZING, or Congelation, the fixing of a fluid 
body into a firm or folid mafs by the aftion of cold: 
in which fenfe the term is applied to water when it 
freezes into ice ; to metals when they refume then- folid 
form after being melted by heat; or to glafs, wax, 
pitch, tallow, &c, when they harden again after having 
been rendered fluid by heat. But it differs from eryf- 
tallization, which is rather a feparation of the particles 
of a folid from a fluid in which it had been diffolvcd 
more by the moifture than the action of heat. 

The proctfs of congelation is always attended w : tli 
the emiffion of heat, as is found by experiments on the 
freezing of water, wax, fpermaceti, &c ; lor in fuch 
cafes it is always found that a thermometer dipt into 
the fluid mafs, keeps continually defeending as this 
cools, till it arrive at a certain point, being the point 
of freezing, which is peculiar to each fluid, where it 
is rather ftationary, and then rifes for a little, while 
the congelation goes on. But by what means it is 
that fluid, bodies ftfculd thus be rendered folid by cold, 
‘or fluid by heat, or what is introduced into the bodies 
by either of thofe principles, are matters the learned 
have never yet been able to difeover, or to fatisfy them- 


felves upon. The following phenomena however are 
ufually obferved. 

Water, and fome other fluids, fuddcnly dilate and 
expand in the aft of Freezing, fo as to occupy a great¬ 
er i'pace in the form of icc than before, in confequencc 
of which it is that ice is fpecifically lighter than the fame 
fluid, and floats in it.- And the degree of expanfion 
of water, in the ftate of ice, is by Rime authors com¬ 
puted at about ^ of its volume. Oil however is an 
exception to this property, and quickfilvcr too, which 
fhrinks and contrafts Itill more after Freezing. Mr. 
Boyle relates feveral experiments of veffels made of 
metal, very thick and ftrong; in which, when filled 
with water, clofe flopped, and expofed to the cold, the 
water being expanded in Freezing, and not finding 
either room or vent, burft the vefleis. A ftrong bar¬ 
rel of a gun, with water in it clofe flopped and frozen, 
was rent the whole length. Huygens, to try the force 
with which it expands, filled a cannon with it, whofc 
fidcs were an inch thick, and then clofed up the mouth 
and vent, fo that none could efcapc; the whole being 
expofed to a ftrong Freezing air, the water froze in 
about 12 hours, and burft the piece in two places. Ma¬ 
thematicians have computed the force of the ice upon 
this occafion; and they fay, that fuch a force would 
raife a weight of 27720 pounds. Laftly, Major Ed¬ 
ward Williams, of the Royal Artillery, made many ex¬ 
periments on tlie force of it, at Quebec, in the years 
1784 and 1785. He filled all fizes of iron bomb-fhells 
with water, then plugged the fuze hole clofe up, and 
expofed them to the ftrong Freezing air of the winter 
in that climate ; fometimes driving in the iron plugs as 
hard as poflible with a fledge hammer; and yet they 
were always thrown out by the bidden expanfion of 
the water in the aft of Freezing, like a ball fliot by 
gunpowder, fometimes to the diltance of between 400 
and 500 feet, though they weighed near 3 pounds; ami 
when the plugs were ferewed in, or fumifhed with hooks 
or barbs, to lay hold of the infidc of the flicll by, fo 
that they could not jioflibly be forced out, in this cafe 
the Ihell was always ipiit in two, though the thicknefs 
of the metal of the ftiell was about an inch and three 
quarters. It is farther remarkable, that through the 
circular crack, round about the fliclls, where theyburil, 
there flood out a thin film or fhect of ice, like a fin ; and 
in the cafes when the plugs were projected by Freezing 
water, there fuddcnly iffued out from the fuze-hole, a 
bolt of ice, of the fame diameter, and flood over it to 
the height fometimes of 8 inches and a half. And 
hence we need not be furpiifed at the effects of ice in 
dcllroying the fubllance of vegetables and trees, and 
even fplitting rocks, when the frofl is carried to cx- 
cefs. 

It is alfo obferved that water lofes of its weight by 
Freezing, being found lighter after thawing again, than 
before it was frozen. And indeed it evaporates alinott 
as fail when frozen, as when it is fluid. 

It is faid too that water does not freeze in vacuo; re¬ 
quiring for that purpofe the prefence and contiguity of 
the air. But this circumilancc is liable to fome doubt, 
and it may be fufpefted that the degree of cold has not 
been carried far enough in thefe inilances; as it is 
found that mercury in thermometers has even been 
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frozen, though it require* .a vaftly greater degree of 
cold to freeze mercury, than water. 

That water which has been*boiled freeze* more 
readily than that which ha* not been boiled; and that 
a flight difturbance of the fluid difpofes it to freeze 
more fpeedily; having fometimes been cooled feveral 
degree* below the Freezing point, without congealing 
when kept quite ftill, but fuddenly freezing into ice on 
the leaft motion or difturbancc. 

That the water, being covered over with a furfacc 
of oil of olives, doe* not freeze fo readily as without 
it; and that nut oil abfolutely preferves it under a 
flrong frott, when olive oil would not. 

That rectified fpirit of wine, nut oil, and oil of tur¬ 
pentine, feldom freeze. 

That the furface of the water, in Freezing, appears 
all wrinkled; the wrinkles being fometimes 111 parallel 
lines, and fometimes like rays, proceeding from a cen¬ 
tre to the circumference. 

Freezing Mixture, a preparation for the artificial 
congelation of water, and other fluids. 

According to Mr. Boyle, all kinds of falts, whether 
alkaline or acid ; and even all fpirits, as fpirit of wine, 
&c ; as alfo fugar, and faccharum fatumi, mixed with 
fnow, are capable of Freezing molt fluids; and the 
fame cfleft is produced, in a very high degree, by a 
mixture of oil of vitriol, or fpirit. of nitre, with fnow. 

M. Homberg remarks the fame of equal quantities of 
corrofive fublimatc, and fal ammoniac, with four times 
the quantity of diftillcd vinegar. 

Bocrhaave gives a method of producing artificial 
froft without cither fnow or ice: we mult have for this 
purpofe, at any feafon of the year, the coldeft water 
that can be procured ; this is to be mixed with a pro¬ 
per quantity of any fait (fal ammoniac will anfwer the 
intention beft), at the rate of about 3 ounces to a quart 
of water. Another quart of water mull be prepared in 
the fame manner with the firil; the fait, by being dif- 
folved in each, will make the water much colder than it 
was before. The two quarts arc then to be mixed to¬ 
gether, and this will make them colder flill.' Two 
quarts more of water prepared and mixed in the fame 
manner are to be mixed with.thefe, which will increafe 
the cold to a much higher degree in all. The whole of 
this operation is to be carried on in a cold cellar ; and 
a glafs of common water is then to be placed in the 
veuel of the fluid thus artificially cooled, and it will be 
turned into ice in the fpaccof 12 hours. 

There is alfo a method of making artificial ice by 
means of fnow, without any kind of fait. For this 
purpofe fill a fmall pewter difh with water, and upon 
that fet a common pewter plate filled, but not heaped, 
with fnow. Brinj* this iirnple apparatus near the fire, 
and ftir the fnow in the plate : the fnow will diffolve, 
and the ice will be formrd on the back of the plate, 
which was fet in the difh of water. 

Mr. Reaumur tried the effeft of feveral falts, and 
examined the various degrees of cold by an ice thermo¬ 
meter, which being placed in the fluid to be frozen, 
fhewed very exactly the degree of cold by the defeent 
of the fpirit. 

Nitre, or fallpetre, ufually pafles for a fait that may 
be very ferviecable in thefe artificial congelations; but 
tlie experiments of this gentleman prove that this opi- 
Voi.. I. 


nion is erroneous. The moft perfectly refined faltpetre 
employed in the operation funk the fpirit in .the ther¬ 
mometer only 3 degrees and a half below the fixed 
point. I.efs refined nitre funk the thermometer lower, 
and gave a greater degree of cold; owing to the 
common or fea-falt that it contains when lefs pure, 
which has a greater effeft than the pure faltpetre it- 
felfi 

Two parts of common fait being mixed with thre.- 
parts of powdered ice in very hot weather, the fpirit 
in the thermometer immediately defeended 1 y degrees, 
which is half a degree lower than it would have de¬ 
feended in the fevered cold of our winters. Mr. Reau¬ 
mur then tried the falts all round, determining with 
great regularity and exaftnefs, wliat was the degree of 
cold oceafioned by each in a given dofe. Among the 
neutral falts, none produced a greater degree ‘of edld 
‘than the common tea fait. Among the alkalies, fal 
ammoniac funk the thermometer only to 13 degrees. 
Pot-afhes funk it juti as low as well refined faltpetre. 

For the common ufes of the table, the ice is not re¬ 
quired to be very hard, or fuch as is produced by long 
continuance of violent cold : it is rather defired to be 
like fnow. Saltpetre, which is no very powerful freezer, 
is therefore more fit for the purpofe than a more potent 
fait. It is hot ncceffary that the congelation fhould 
be very fuddenly made ; but that it may retain its form 
as long as may be, when made, is of great import¬ 
ance. 

If it be defired to have ices very hard and firm, and 
very fuddenly prepared, then fea fait is of all others moll 
to be chofen for the operation. The ices thus made 
will be very hard, but they will foon run. Pot-aflies 
afford an ice of about the hardnefs that is ufually re¬ 
quired. This forms indeed very flowly, but then it will 
preferve a long time. And common wood aflies will 
perform the bufinefs very nearly in the fame manner as 
the pot-a(hes; but for this purpofe, the wood which is 
burnt, ought to be frdh. 

The ftrong acid fpirits of the neutral falts aft much 
more powerfully in thefe congelations than the fait* 
themfelves, or indeed than any Ample fait can do. 
Tli us, fpirit of nitre mixed with twice its quantity of 
powdered ice, immediately finks the fpirit in the ther¬ 
mometer to 19 degrees, or 4 degrees more than that ob¬ 
tained by means of fea fait, the moft powerful of all 
the falts in making artificial cold. A much greater 
degree of cold may be given to this mixture, by piling 
it round with more ice mixed with fea fait. This give* 
a redoubled cold, and finks the thermometer to 24 de¬ 
grees. If this whole matter be covered with a frefli 
mixture of fpirit of nitre and ice, a ftill greater degree 
of cold is produced, and foon ; the cold being by this 
method of frefh additions to he increafed aimed with¬ 
out bounds: but it is to be obferved, that every addi¬ 
tion gives a fmallcr increafe than the former. 

It is very remarkable in the acid fpirits, that though 
fea fait is fo much more powerful than nitre in fubllance 
in producing cold, yet the fpirit of nitre is much 
ftronger than that of f ea.fait; and another not lefs won¬ 
derful phenomenon is, that fpirit of wine, which is 
little cue than liquid fire, has as powerful an effeft. 
in congelations, or very nearly fo, as the fpirit of nitre 
itfelf. 
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The feveral liquid fubfiances which produce cold, in 
the fame, manner as the dry falts on being mixed with 
ice, arc much more fpeedy in their actum than the 
falts: btcaufe they immediately and much more inti¬ 
mately come into contact with the particles of the ice, 
than the falts can. Of tin's nature are fpirit of nitre, 
fpirit of wine, &c. To produce the expected degree 
of cold, it is always neceflary that the ice and the added 
matter, whatever it be, lliould both run together, 
and, intimately uniting, form one clear fluid. It is 
hence that no new cold is produced with oil, which, 
though it melts the ice, yet cannot mix itfclfinto a ho¬ 
mogeneous liquid with it, but mull always remain float¬ 
ing on the furface of the water that is produced by the 
melting of the ice. Mem. Acad, bcicnc. Par. 1734. 

It has been dil'covered, that fluids Handing m a 
current of air, grow by this means much colder 
than before. Fahrenheit, had long liucc ohferved, that 
a pond, which Hands quite calm, often acquires a de¬ 
gree of cold much beyond what is fufHcicnt for Freez¬ 
ing, and yet no congelation enfued: but if a flight 
breath of air happens in fucli a cafe to hrufh over the 
furface of the water, it Hifl'eus the whole in an iiiffunt. 
It has alfo been difcovcml, that all fubHances grow 
colder by the evaporation of the fluids which they con¬ 
tain, or with which they are mixed. If both thefe 
methods therefore be pvaCtifed upon the fame body at 
the fame time, they will increafe the cold to almolt any 
degree of iuteufenefs we pleufe. 

But the mod extraordinary inflance* of artificial 
Freezing, have fincc been made in Rufiia, at Hudfim’s 
bay, and other parts, by which quickfilvcr was frozen 
into a folid mafs of metal. And the fame thing had 
before happened from the natural cold of the utmo- 
fphere alone, in Siberia. In the winter of 1733, Pro- 
feflor Gmdin, with two other gentlemen of the Ruf¬ 
fian Academy, were fent by Anne Ivanouna, the new 
emprefs, to explore and deferibe the different parts of 
her Afiatic dominions, with the communication of Afia 
and America. In the winter of 1734 5, Mr. Gindin 
being at Yenefeilk in 58° 30' north lat. and 92 0 long, 
call from Greenwich, firH obferved fucli a defeent of 
the mercury, as mull have been attended with congela¬ 
tion, being far below its Freezing point, now fixed at 
— 40 of Fahrenheit’s thermometer. “ Here, fays he, 
we firH experienced the truth of what various travellers 
have related with refpect to the extreme cold of Sibe¬ 
ria; for, about the middle of December, fuck feverc 
weather fet in, as we were fure had never been known in 
our time at Pcterflnirg. The air feemed as if it were 
frozen, with the appearance of a fog, which did not 
Suffer the fmoke to afeend as it iflued from the chim¬ 
neys. Birds fell down out of the air as dead, and 
froze immediately, unlefs they were brought into a 
warm room. Whenever the door was opened, a fog 
fuddcnly formed round it. During the day, (hort as it 
was, parhelia and haloes round the fun were frequently 
feen ; and in the night mock moons, and haloes about 
the moon. Finally, our thermometer, not fubjeCt to 
the fame deception as thefenfes, left us no doubt of the 
exceflive cold ; for the quickfilvcr in it was reduced, on 
the 5th of January, old ftyle, to — 120° of Fahren¬ 
heit's Scale, lower than it had ever been obferved in na¬ 
ture.’* 


The next inflance of congelation happened at Ya- 
kutik, in C)2° north lat. and 150° call longitude. The 
weather here was unufually mild for the climate, yet 
the thermometer fell to —7 2°; and one perfon in¬ 
formed the profeflbr by a note, that the mercury in 
his barometer was frozen. He haftened immediately 
to his houfe to behold fuch a fitrprifing phenomenon ; 
biit though he was witnefs to the fuCt, obferving that 
the mercury did not continue in one column, but was 
divided in different places aB into little cylinders, which 
appeared frozen, yet the prejudice he had entertained 
againU the poffibility of the congelation, would not al¬ 
low him to believe it. 

Another fit of obfervations, in the courfr of which 
the mercury mult frequently have been congealed, were 
made by profeflbr Gmelin at Kircnga fort, in 57V 
north lat., and 108 call long. 1 bis thermometer, at 
different times, Handing at — 10K, — 8b, — 100, —-11 5, 
and many other intermediate degrees; in the comic of 
the winter of 1737-8. On the 27th of November, after 
the thermometer had been Handing for two days at 
—46°, he found it funk at noon to —108. Sui'pect- 
ing foine mill ake, after he had noted down the oblerva- 
tion, he inlhiutly ran back, and found it at — 102 ; but 
afeending with fucli rapidity, that in the fpaco of half 
iui hour it had rifen to — iy°. This phenomenon, 
which appeared fi> furpriling, doubtlefs depended on 
tlie cxpaniion of the mercury frozen in the bulb of the 
thermometer, and which now melting, forced upwards 
the fmall thread in the Hem. And Similar appearances 
were obferved on other days afterwards, when the 
thread of quickfilver in the thermometer was feparated 
about 6 degrees. 

A fecond inffance where a natural congelation of mer¬ 
cury lias certainly been obferved, is recorded in the 
tranfaftions of the Royal Academy of Sciences at 
Stockholm, as made by Mr. Andrew Hcllant. The 
weather, in January 1760, was remarkably cold in 
Lapland ; fo that on tlie 5th of that month, the ther¬ 
mometers fell to — ~ 6 , —128, or lower; 011 the 23d 
and following days they fell to —58, —79, —92, and 
below —238 entirely into the ball. This was obferved 
at four different places in Lapland, fituated between 
the 65th aud 78th degrees of north lat. and the 21ft 
and 28th degree of eait longitude. 

But the congelation of quickfilver, by an artificial 
Freezing mixture, was firH obferved, and put beyond 
doubt, by Mr. Jofeph Adam Braun, profeflbr of pliilo- 
fopliy at Petcrfburg. This gentleman, wifliing to try- 
how many degrees of cold he could produce, availed 
himfelf of a good opportunity- which offered for that 
purpofe on the 14th of December 1759, when the 
mercury in the thermometer Hood jp the natural cold at 
— 34, which it is now known is only 5 or 6 degrees 
above its point of congelation. Aflifting this natural 
cold therefore with a mixture prepared of aquafortis and 
pounded ice, his thermometer was funk to —69. Part 
of the quickfilvcr mult now have been really- congealed, 
but unexpected by him, and he only thought of pur¬ 
suing his obfeft of producing ftili greater degrees of 
cold ; and having expended all his pounded ice, be was 
obliged to ufc fnow inftead of it. With this frefh 
mixture the mercury funk to —too, —240, and 
—350°. Taking the thermometer out, he found it 
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♦hole, but the quickfilver fixed, and it continued To 
for 12 minutes. On repeating the experiment, with 
another thermometer which had been graduated no 
lower than —220, all the mercury funk into the ball, 
and became folid as before, and did r ot re-afeend till af¬ 
ter a Hill longer interval of time. Mr. Braun now fuf- 
pefted that the quickfilver was really frozen, and pre¬ 
pared for making a deciiive experiment. This was ac¬ 
compli fhed on the 25th of the fame month, and the 
bulb of the thermometer broken as i'oon as the metal 
was congealed; when it appeared that the mercury was 
changed into a folid and mining metallic mafu, which 
Hatted and extended under the firokes of a peftle, being 
rather lefs hard than lead, and yielding a dull found like 
that metal. Mr. yKpintis made fimilar experiments at 
the fame time, employing as well thermometers as 
tubes of a larger bore ; in which lafl he remarked, that 
the quickfilver fell feuiihly on being frozen, aflumiug 
a concave l'urfacc, and liketvife that the congealed 
pieces funk in fluid mercury : alCb, in their farther ex¬ 
periments, they invariably found that the mercury funk 
lower when the whole of it was congealed, than if any 
part of it remained fluid : all ihcwing that, contrary 
to water, mercury contracted in Freezing. It was 
farther obforved, that the mercury when congealed 
looked like the molt poliihed lilver, and when beaten 
flat, it was eafily cut with a penknife, like foft thin 
flieet lead. 

The fait being thus effabliihed, and fluidity no 
longer to be conlidercd as an eflential property of 
quickfilver, Mr. Braun communicated an account of 
his experiments to the Pcterfburg academy, on the 6th 
of September 1760; of which a large extract was in- 
ferted in the Philof. Trtmf. vol. 52, pa. 156. He af¬ 
terwards declared that he never fullered a winter to pafs 
without repeating the experiment of Ficozing quick¬ 
filver, and never failed of fuccefs when the natural cold 
was of a fufHcicnt flreugth for the purpofe ; and this 
degree of natural cold he fuppofes at —10 of Fahren¬ 
heit ; though fotnc commencement of the congelation 
might he perceived when the temperature of the air 
was as high as + 2. 

The refillts of all his experiments were, that with the 
above-mentioned frigoriiie mixtures, and once with rec¬ 
tified ipirits and fnow, when the natural cold was at 
— 28°, he congealed the quickiilver, and difeovered 
that it is a real metal that melts with a very fmall degree 
of heat. However, not perceiving the nccelfary con- 
fequcnce of its great contraction m Freezing, he al¬ 
ways confounded its point of congelation with that of 
its greatett contraction in Freezing, and thus marked 
the former a great deal too low. 

In the proeefs of his obfervations, Mr. Braun found 
that double aquafortis was more effectual than fpirit of 
nitre ; hut with this ltmple fpirit, which leldom brings 
the mercury lower than —148, this metal may be 
frozen in the following manner : Six glafles being tilled 
with fnow as ufual, and the thermometer put in tine of 
them, the fpirit of nitre was poured upon it; when 
the mercury would fall no lower in this, the thermome¬ 
ter was removed to the fecond, and fo on to the third 
anti fourth, in which fourth immerfion the mercury was 
congealed. 

. Mr. jEpinus gives the following direction for ufiug 


the fuming fpirit of nitre: Take fome of this fpirit, 
cooled as much as poflibtr, and put it into a wine glaf* 
till it be about half full, filling it up with fnow, and 
ltirring them till the mixture become of the confidence 
of pap ; by which means you obtain, almoft in an in- 
flant, the ueceflary degree of cold for the Freezing of 
quickfilver. 

It is remarked by Mr. Braun, that by the mixture of 
fnow and fpirit of nitre, which froze the mercury, lie 
never was able to bring thermometers, filled with the 
moll highly rectified fpirit of wine, lower than —148: 
fo that the cold which will freeze mercury, will not 
freev.e fpirit of wine ; and therefore fpirit thermometers 
are the moll fit to determine the degree of eoldnefs in 
frigorific mixtures, till we can conllrudt folid metallic 
thermometers with fufficient accuracy. Mr. Braun 
tried the effects of different Fluids in his frigorific mix¬ 
tures : lie always found that Glauber’s fpirit of nitre 
and double aquafortis were the moil powerful; and 
from a number of experiments made when the tempe¬ 
rature of the air was between 2t and 28 of Fahrenheit, 
lie concludes, that fpirit of fait pounded upon fnow 
increafed the natural cold 36®; fpirit of fal ammoniac, 
12 ; oil of vitriol, 42 ; Glauber’s fpirit of nitre, 70; 
aquafortis, 48 ; fimple fpirit of nitre, 36; dulcified 
fpirit of vitriol, 24; Hoffman's anodyne liquor, 38 ; 
fpirit of harllhorii, 12; fpirit of fulphtir, 12 ; fpirit 
of wine rectified, 24; camphorated fpiiit, 18; French 
brandy, 14; and fcveral kinds of wine increafed the 
natural cold to 7, 8, or 9 degrees. 

The mofl remarkable congelation of mercury, by 
natural cold, that has ever been obferved, was that re- 
lated by Hr. Peter Simon Pallas, who had been fent by 
the emprefs of Ruffiu, with fome other gentlemefl, on 
an expedition fimilar to that of Mr. Gindin. Being at 
Krafnoyarfk in the year 1772, in north lat. 56° 30', 
and call long. 93°, lie had an opportunity of obferving 
the phenomenon we fpcak of. On the 6th and 7th of 
December that year, fays he, there happened the 
greated cold I have ever experienced in Sibet ia: the air 
was. calm at the time, and feemingly thickened; fo 
that, though the fky was in other rofpedts clear, the 
fun appeared as through a fog. I had only one fm»ll 
thermometer left, in which the l’cale went no lower 
than — 7 0 ; and on the 6th in the morning, T remarked 
that the quickfilver in it funk into the ball, except fume 
fliort columns which iluck fall in the tube. When the 
ball of the thermometer, as it hung in the open air, 
was touched with the linger, the quickiilver role ; and 
it could plainly be fee» that the folid columns ff nek and 
refilled a good while, and were at length pullied up¬ 
ward with a fort of violence. He alio placed upon 
the gallery, on the 1101th lide of his liotife, fome 
quickiilver in an open howl. Within an hour he found 
the edges and furfaee of it frozen folid ; and fome mi¬ 
nutes afterward the whole was condenfid by the natu¬ 
ral cold into a foft rnafs very much like tin. While 
the inner part was Hill fluid, the frozen furfaee exhi¬ 
bited a great variety of branched wrinkles ; but in ge¬ 
neral it remained pretty fmootli in Freezing. The 
congealed mercury was more flexible than lead; but on 
being bent fliort, it was found more brittle than tin; and 
when hammered out thin, it feemed fomewhat granu¬ 
lated. When the hammer was not perfectly cooled, the 
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quickfilver melted away under it in drop's; and the 
fame tiling happened when the metal was touched 
with the linger, by which alfo the finger was im¬ 
mediately benumbed. When the frozen mafs was 
broken to pieces in the cold, the fragments adhered 
ta each other and to the bowl in which they lay. I n 
the warm room it thawed on its furface gradually, by 
drops, like wax on the fire, and did not melt all at once. 
Although the froft itemed to abate a little towards 
night, yet the congealed quickfilver remained unalter¬ 
ed, and the experiment with the thermometer could 
{till be repeated. On the 7th of December he had an op¬ 
portunity of making the lame obfervations all day ; but 
lbme hours after fiinfet, a northweft wind fpmng up, 
which railed the thermometer to —46°, when the mafs 
o£quickfilver began to melt. 

The experiments of Mr. Braun were fuccefsfully 
repeated at Gottingen, in 1774, by Mr. John Frede¬ 
rick Blumenbach ; being encouraged to this attempt by 
the exceffive cold of the winter that year, especially the 
night of January the 1 ith, when he made the experi¬ 
ment, the thermometer Handing at — iq in the open 
air. Mr. Blumenbach at 5 in the evening, put 3 
drachms of quickfilver into a fmall fugar glafs, and co¬ 
vered it with a mixture of fnow and Egyptian fa,l am¬ 
moniac, fetting the glafs out in the air upon a mixture 
alfo of fal ammoniac. At one the next morning, the 
mercury was found frozen quite folid, and hard to the 
glafs; and did not melt again till 7 or 8 the next 
morning. The colour of the frozen mercury was a 
dull pale white with a Klueifh call, like zinc, very dif¬ 
ferent from the natural appearance of quieklilver. 

In the year 1775, by fimilar means, quieklilver was 
twice frozen by Mr. Hutchins, governor of Albany 
fort, in Hudfon’s bay, viz, in the months of January 
and February of that year. And the fame was done on 
the 28th of January 1776, by Dr. Lambert Bicker, 
ft ere t ary of Rotterdam. The temperature of the at- 
mofpht re was then at + 2 0 ; and the loweft it could 
reduce the thermometer by artificial cold, was —>94 ; 
when, on breaking the glafs, the mercury was found 
frozen. 

In the beginning of the year 1780 M. Von Eltcrlein 
ofVytegra, a town of Raffia, in lat. 6 1° north, and 
long, 36° eaft, froze quickfilver by natural cold. On 
the 4th of January 17So, the cold being increafed 
to— 34 that evening at Vytegra, he expofed to the 
open air 3 ounces of very pure quickfilver in a china 
Wacup, covered with paper pierced full of holes. 
Next tlay, at 8 in the morning, he found it folid, and 
looking like a piece of call lead, with a confiderable de- 
prefiion in the middle. On attempting to loofen it in 
the cup, his knife raifed fhavings from it as if it had 
been lead, which remained (licking up ; and at length 
the metal fr pa rated from the bottom of the cup in one 
mafs. He then took it in his hand to try if it would 
bend : it was fliff like glnc, and broke into two pieces) 
but his fingers immediately loft all feeling, and could 
fcarcely be reftored in an hour and a half by rubbing 
with fnow. At 8 o’clock the tliermometer ftood at 
— 57 but half after 9 it was rifen to —40 ; and then 
the two pieces of mercury which lay in the cup had 
loft fo much of., their harduefs, that they could no 
longer be broken, or cut into (havings, but rcfembled 


a thick amalgam, which, though it became fluid 
when prefled by the fingers, immediately afterwards 
relumed the confiftence of pap. With the thermo¬ 
meter ut —39, the quickfilver became fluid. The cold 
was never lefs 011 the 5th than —28, and by 9 in the 
evening it had increafed again to —^3. This exjieri- 
ment feerns to fix the Freezing point of mercury at 
—40 of Fahrenheit’s thermometer, or 40 below o j 
which is 7 2° below the Freezing point of water. 

In the winter of 1781 and 82, Mr. Hutchins rc- 
fumed the fubjedt of Freezing quieklilver by artificial 
cold, with fuch fuccefr, that from his experiments and 
thofe of M. Von Eltcrlein, lalt mentioned, the Freez¬ 
ing point of mercury is now almofi as well fettled, viz 
at —40, as that of water is at + 32. Other philofo- 
phers indeed had not been altogetlier inattentive to this 
iubjett. ProfelFor Braun himfelf iiad taken great 
pains to inveftigate it; but for want of a proper atten¬ 
tion to the difference between the contraction of the 
fluid mercury by cold, and that of the congealing me¬ 
tal by Freezing, he could not determine any thing cer¬ 
tain concerning it. 

An inllanec of the natural congelation of quickfilver 
alfo occurred in Jemptland, one of the provinces of 
Sweden, on the lit of January 1782 ; and laftly, on 
the 26th of the fame month, Mr. Hutchins obferved 
the fame effedt of the cold at Hudfon’s bay ; when he 
found that at the point of its Freezing a mercurial 
thermometer flood at —40, and a fpirit thermometer 
at— 30. 

O11 thisfubjedt, fee the Philof. Tranf. voL 51, pa. 
672 ; vol. 52, pa. 156; vol. 66,pa. 174; vol. 73, pa. 
303 and 325 ; vol. 76, pa. 241 ; vol. 77, pa. 285 ; 
vol. 78, pa. 43 ; and feveral others, particularly vol. 
79, pa. 199, &c, being experiments on the congelation 
of quickfilver in England, by Mr. Richard Walker, 
where he proves that mercury may be frozen not only 
in England in finnmer, but even in the hottell climate, 
at any feafon of the year, and without the ufc of 
ice or fnow. 

Freezing Point , denotes the point or degree of 
cold, (hewn by a mercurial thermometer, at which 
certain fluids begin to freeze, or, when frozen, at 
which they begin to thaw again. On Fahrenheit’s 
thermometer, this point is at 4- 32 for water, and at 
—40 for quickfilver, thefe fluids freezing at thofe two 
points refpedlivcly. It would alfo be well if the Freez¬ 
ing points for other fluids were ascertained, and the 
whole arranged in a table. 

Freezing Rain, or Raining Ice, a very uncommon 
kind of fhower which fometimes falls, particularly 
one in December 1672, in the weft of England: of 
which fume accounts are given in the Philof. Tranf. 
number 90. 

This rain, as foon as it touched any thing above 
ground, as a bough, or the like, immediately fettled 
into ice ; and by enlarging and multiplying the icicles, 
it broke all down with its weight. The rain that fell 
on the fnow, immediately froze into ice, without fink¬ 
ing in the fnow at all. 

It made an amazing deftru&ion of trees, beyond any 
thing in all hiftory. “ Had it concluded with fomc 
guft of wind, fays a gentleman on the fpot, it might 
nave been of terrible confcquence. Having weight'd 
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flic fpiig of an afh tree, the wood of which was juft 
three quarters of a pound, the ice upon it amounted to 
16 pounds. Some were frighted with the noife in the 
air; till they difeerned it was the clatter of icy boughs 
dafhed again!! each other.” Dr. Beale obferves, that 
there was' no coniiderable froft perceived on the ground 
during the whole; from which he concludes, that a 
fro ft may be very fierce and dangerous on the tops of 
fome hills, while in other places it keeps atfome feet 
above the ground ; and may wander about very furious 
in fome places, and be remils in others.not far off. This 
rain was followed by glowing heats, and a wonderful 
lorwardnefs of vegetation. 

I RENICLE (Bernard), a celebrated French ma¬ 
thematician of the 17th century. He was the contem¬ 
porary and companion of Ues Cartes, Fermat, and the 
other h arned mathematicians of their time. He was 
admitted Geometrician of the French Academy in 
1666 ; and died in 1675. 

lie had many papers infertedin the Ancient Memoirs 
of the Academy, of 1666, particularly in vol. 5, of 
that collcdlion, vi/., J. A method of refolving pro¬ 
blems by Excluliom.—2. Treatife of right-angled Tri¬ 
angles in Numbers.—3. Short tradl on Combinations. 
-—4. Tables of Magic Squares.—5. General method 
of making Tables of Magic Squares. 

FRESCO, is a fort of painting which 13 made upon 
the plaftcring of walls before it is dry. 

FRIABILITY, the property of a body that is 
Friable. 

FRIABLE, a quality of bodies by which they are 
rendered tender and brittle, eafily crumbled or reduced 
to powder between the lingers; their force of coh'efion 
being fuch as eafily expofes them to fuch folution. 
Such arc pumice, and all calcined Hones, burnt allum, 
&c. 

It isfuppofed that Friability arifes from hence, that 
the body conlills wholly of dry parts irregularly com¬ 
bined, and which ate readily feparated, as having no¬ 
thing unttiious or glutinous to bind them together. 

FRICTION, tin: adt of rubbing or grating the 
furfaccs of bodies againft or over each other, called alfo 
Attrition. 

The phenomena arifing from the Fridtion of divers 
bodies, under different cireumftances, are very nume¬ 
rous and coniiderable. Mr. Hawklbee gives a num¬ 
ber of experiments of this kind ; particularly of the 
attrition or Fridtion of glafs, under various circum- 
ftances ; the refult of which was, that it yielded light, 
and became electrical. Indeed all bodies by Fridtion 
are brought to conceive beat; many of them to emit 
tight; particularly a cat’s back, fugar, beaten fulphur, 
mercury, fea water, gold, copper, &c, but above all 
diamonds, which when hrifkly rubbed againft glafs, 
gold, or the like, yield a light equal to that of a live 
coal when blowed by the bellows. 

Friction, in Mechanics, denotes the refiftance a 
moving body meets with from the furface on which it 
moves. 

Fridtion arifes from the roughnefs or afperity of the 
furface of the body moved on, and that of the body 
moving: for fuch furfaces confuting alternately of emi¬ 
nences and cavities, either the eminences of the one 
mull be raifed over thofe of the other, or they mult be 


both broken and worn off: but neither can happen 
without motion, nor can motion be produced without 
a-force inrprefled. Hence the force applied to move 
the body is either wholly or partly fpent on this effedt; 
and confvquently there arifes a refiftance, or Friction, 
which will be greater as the eminences are greater, 
and the fubflance the harder; and as the body, by 
continual Fridtion, becomes more and more polilhed, 
the Fridtion dimini (hes. 

As the Fridtion is lcf8 in a body that rolls, than when 
it Hides, hence in machines, left the Fridtion Ihould em¬ 
ploy a great part of the power, care is to be taken that 
no part of the machine Aide along another, if it can be 
avoided ; but rather that they roll, or turn upon each 
other. With this view it may be proper to lay the 
axes of cylinders, not in a groove or concave matrix, as 
ufual, but between little wheels, called Friction wheels, 
moveable on their refpedtive axes : for by tins contri¬ 
vance, the Fridtion its transferred from the circumfe¬ 
rence of thofe wheels to their pivots. And in like 
manner the Fridtion may lie Hill farther dim;niihed, by 
making the axis of thofe wheels reft upon other Friction 
wheels that turn round With them. This was long 
fince recommended by P. Cafabus; and experience con¬ 
firms the truth of it. Hence alfo it is, that a pulley 
moveable on its axis refills lefs than if it were fixed, and 
the cord Hiding over the circumference. And the lame 
may he obferved of the wheels of coaches, and other 
carriages. Indeed about 20 years ago Fridtion balls 
or rollers were placed within the naves of carriage 
wheels by fome perfons, particularly a Mr. Varlo; and 
lately Mr. Garnett had a patent for an improved man¬ 
ner of applying Fridtion wheels to any axis, as of car¬ 
riages, blocks or pulleys, fcale beams. See, in which 
the indoled wheels or rollers are kept always at the 
lame diltance by conuediing rods or bars. 

Fiom thefe principles, with the alfiflance of die 
higher geometry, Olaus Roemer determined the figure 
of the teeth of wheels, that fhould make the lea ft re- 
liitanee pofiible, which he found Ihould be epicycloids^ 
And the fame was afterwards demouitrated by De la 
Hire, and Camus. 

M. A montons, by experiment, attempted to fettle 
a foundation for the preoife calculation of the quantity 
of Fridtion ; which M. Parent endeavoured to confirm 
from reafoning and geometry. M. Amontoiu.’ princi¬ 
ple is, that the Fridtion of two bodies depends only 
on the weight or force with which they prefs earn 
other, being always more or lefs in proportion to that 
preffure; eltcemingit a vulgar error, that the quantity 
of Fridtion has any dependence on the extent of the 
furface that is rubbed, or tli.it the Friction incrcafcs 
with the furface : arguing that it will require the fame 
weight to draw along a plane, a piece of wood on its 
narrow edge, as on its broad and flat fide ; Ivcaufu, 
thoughon the broad fide there be 4 tiims the number 
of touching particles, yet each particle is prefled with 
but £ of the weight bearing on thofe of the narrow 
fide ; and fince 4 times the number multiplied by £ of 
the weight is equal to £ of the number multiplied by 4 
times the weight, it is plain that the effect, tl»a. is, the 
refiftance, is equal in both cafes, and therefore requires 
the fame force to overcome it. 

On the firft propofol of this paradox, M. De la Hire 
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very properly had recourfc to experiment!!, as the bcfl 
tdl", had they been judicioufly performed : fuch as they 
were however, they Succeeded in favour of this fyftem. 
lie laid feveral pieces of rough wood on a rough table 5 
their fixes were unequal ; but he laid weights on them, 
fu an to render them all equally heavy : and he found 
that the fame precifo force, or weight, applied to them 
by a little pulley, was required to put each ill motion, 
notwithftanding all the inequality of the furfaces. The 
experiment fucceedcd in the fame manner with pieces 
of marble, laid on a marble table. After this, by 
reafoning, M. de la Hire gave a phyfical folution of 
the effect. And M. Amontons fettled a ealeulns of 
the value of Friction, w ith the lofs fiiltaincd by it in 
machines, on the foundation of this new principle. Tn 
wood, iron, lead, and brafs, which arc* the chief materials 
tiled in machines, he makes the refillancc caufed by Fric¬ 
tion to lie nearly the fame in all, when thole materials 
are anointed with oil or fat : and the quantity of this 
refillanee, independent of the magnitude of the Airfare, 
he makes nc.nl v equal to a third part of the weight 
of the body moved, or of the force with which the two 
bodies are periled together. Others have obferved, 
that if the furfaces be hard and well polilhed, the 
Friction will be lefs than a third part of the weight ; but 
if the parts be loft or nigged, it will be much greater. 
It was farther obferved, that in a cylinder moved on 
two finall gudgeons, or on a fmall axis, the Friction 
would be diminilhcd in the fame proportion as the dia¬ 
meter of thefe gudgeons is Id’s than the diameter of the 
cylinder ; becaufe in this cafe, the parts 011 which the 
cylinder moves and rubs, will have lefs velocity than the 
power which moves it in the fame proportion, which is 
in effeft making the Friftion to be proportional to the 
velocity. So that, from the whole of their obferva- 
tions, this general proportion is deduced, viz. That 
the refinances ariiing from Friction, are to one another 
in a ratio compounded of the preffures of the rubbing 
patts, and the velocities of their motions. Principles 
which, it is now known from better experiments, are 
both erroneous ; notwithftanding the hypothecs of 
3 M. Anrontons has been adopted, aud attempted to be 
confirmed by Camu;., Defaguliers, and others. 

M. Mufchenbroek and tile abbe Nollet, however, on 
the other hand, have concluded from experiments, that 
the Friction of bodies depends on the magnitude of 
their furfaee, as well as on their weight. Though the 
former fa vs, that in fmall velocities the Friftion varies 
very nearly as the velocity, but that in great velocities 
the proportion inercafcs fuller: he has alio attempted to 
prove, that by incrcal mg the weight of a body, the Friction 
doesnot always increafc exactly la the fame ratio, lntrod. 
ad Phil. Nat. vol. 1, c. y, and I .eft. Phyf. Exp. tom. 1, 
p. 241. Helfliam and Fergufon, fromthe famekiml of ex¬ 
periments, have ciideavoured^to prove, that tlie Friftion 
does not vary by changing the quantity of furfaee on 
which the body moves ; and the latter of thel'e aflirts, 
that the Friftion increafcs very nearly as the velocity ; 
and that by increufing the weight, the Friftion is in- 
jcrcafcd in the fame ratio. Indeed there is fcarce any 
fubjeft of experiment, with regard to which, different 
perfons have formed fuch various conclufions. Of thofe 
who have written on the theory, no one lias eftabhfticd 
it altogether on true principles, till the experiments 


lately made by Mr. Vince of Cambridge: Euler, 
whole theory is extremely elegant, and would have 
been quite fatisfaftory had his principles been founded 
on good experiments, fnppofes the Friftion to vary in 
proportion to the. velocity of the body, and its pref- 
fure upon the plane; neither of which is true: and 
others, though they have juftly imagined that Friftion 
is a uniformly retarding force, have yet retained the 
other fuppofition, and lo rendered their folutions not at 
all applicable to the cafes for which they were in¬ 
tended. 

For thefe radons a new and iojTen’om fet of experi¬ 
ment: was fucecfsfully inllitutcd by the rev. Samuel 
Vince, A. M. of Cambridge, which aie pul liihed in the 
7jth vol, of the Phi!of. Tranf. p. 1 by. The object of 
thefe experiments was to determine, 

ill, Whether Friftion Tie a uniformly retarding 
force. 

2d, The quantity of Friftion. 

3d, Whether Friftion varies in proportion to the 
preffure or weight, 

4th, Whether the Friftion he the fame on whichever 
of its furfaces a body moves. 

Mr. Vince favs, “ the experiments were made with 
the utmolt care and attention, and the feveral rcfults 
agreed fo very exaftly with each other, that 1 do not 
fcruple to pronounce them to be conclufive.”—“ A 
plane was adjufted parallel to the horizon, at the extre¬ 
mity of which was placed a pulley, which could be 
elevated or depreffed in order to render the firing which 
connefted the body and the moving force parallel to 
the plane or horizon. A fcalc accurately divided was 

f ilaced by the fide of the pulley perpendicular to the 
lorizott, by the fide of which the moving force de- 
feended ; upon the feale was placed a moveable ftage, 
which could be adjufted to the fpace through which 
the moving force descended in any given time, which 
time was meafured by a well regulated pendulum clock 
vibrating feconds. Every thing being thus prepared, 
the following experiments were made to afeertain 
the law of Friftion. But let me iirit obferve, that 
if Friftion be a uniform force, the difference between 
it and the given force of tire moving power mufl be 
alfo uniform, and therefore the moving body mufl de- 
fccud with a uniformly accelerated velocity, and confe- 
qucntly the fpaers defcribtd from the beginning of the 
motion mull be as the fquares of the times, juft as 
when there was no Friftion, only they will be diminilhcd 
on account of the Friftion.” Accordingly the expe¬ 
riments are then related, which are prrfmmcd agreeably 
to thefe ingenious -and philofophicul ideas, and from 
them are deduced thele general conclufions, which 
may be confidcred as cftablifhvd and certain fails or 
maxims . viz, 

ill, That Friftion is a uniformly retarding force in 
hard bodies, not fubject to alteration by the velocity ; 
except when the body is covered with doth, woollen, 
&e, and in tiiis cafe the Friftion incrcafes a little with 
the velocity. 

zdly, Friftion incrcafes in a lefs ratio than the quan¬ 
tity of matter, or weight of the body. This increafc 
however is different for the different bodies, more or 
lefs; nor is it yet iuSkicntly known, for any one 

body. 
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body, what proportion the increafe of Fri&ion bears to 
the increafe of weight. 

jdly, The fmalleit furface ha* the leaft Friftion j the 
weight being the fame. But the ratio of the Fri&ion 
to the furface is not yet accurately known. 

Mr. Vince's experiments confided in determining 
how far the Hiding bodies would be drawn, ia given 
times, by a weight hanging freely over a pulley. This 
method wotdd both (hew him if the Friction were a 
conitant retarding force, and the other 'conclufions 
above Hated. For as the fpaccs deferibed by any con- 
ftant force, in given times, are as the fquares of the 
times ; and as the weight drawing the body is a con- 
llant force, if the Fridion, which adb in oppolition to 
the weight, fhoulti alfo be a conflant force, then their 
difference, or the force by which the body is urged, 
will alfo be conflant, in which cafe the fpaccs deferibed 
ought to be as the fquares of the times; which hap¬ 
pened accordingly in the experiments. 

Mr. Vince adds fome remarks on the nature of the 
experiments which have been made by others. Thefe, 
he obferves, the authors “ have inflittitcd. To find 
•what moving force would juft put a body at reft in mo¬ 
tion : and they concluded from thence, that the acce¬ 
lerative force was then equal to the Friction ; but it is 
inanifeft, that any force which will put a body in mo¬ 
tion mull be greater than the force which oppofes its 
motion, otherwife it could not overcome it; and hence, 
if there were no other objection than this, it is evident, 
that the Fridlion could not be very accurately obtained; 
but there is another objcdlion, which totally deftroys 
the experiment, fo far as it tends to fiiew the quantity 
of Friclion, which is the ftrong cohefion of the body to 
the plane when it lies at reft.” Tliis he confirms by 
feveral experiments, and then adds, “ From thefe ex¬ 
periments therefore it appears, how very confiderable 
the cohefion was in proportion to the Fridlion when 
the body was in motion ; it being, in one cafe almoft 
*, and in another it was found to be very nearly equal 
to the whole Fridlion. All the conclufions therefore 
deduced from the experiments, which have been infti- 
tuted to determine the Fridlion from the force neceflary 
to put a body in motion (and I have never fecn any dc- 
feribed but upon fuch a principle) have manifeftly been 
totally fitlfc ; as fuch experiments only Ihew the refin¬ 
ance which strifes from the cohefion and Fridlion con¬ 
jointly.'’ Philof. Tranf. vol. 75, pa. 163. 

Mr. Emerfon, in hia Principles of Mechanics, de¬ 
duces fiom experiments the following remarks relating 
to the quantity of Friction ; When a cubic piece of 
foft wood of 8 pounds weight, moves upon a fmooth 
plane of foft wood, at the rate of 3 feet per fecoud, 
its Fruition is about ( of the weight; but if it be rough, 
the Friction is little lefs than half the weight: on the 
fame fuppolition, when both the pieces of wood are 
very fmooth, the Fridlion is about of the weight: 
the Friction of foft wood on hard, or of hard wood 
upon foft, is J or J of the weight; of hard wood 
upon hard wood, ? or {; of polimed fteel moving on, 
Heel or pewter, i ; moving on copper or lead, * of the 
weight. He obferves in general, that metals of the 
fame fort have more Friction than thofe of different 
forts; that lead makes much refiitance; that iron or 
fteel running in brafs makes the leaft Fridlion of any ; 

' and that metals oiled make the Fridlion lefs than when 


polifhed, and twice as little as when unpob’flied. Defa- 
guliers obferves that, in M. Camus’s experiments on 
fmall models of fledges in adtual motion, there are more 
cafes in which the Fridlion is lefs than where it is more 
than | of the weight. See a table, exhibiting the 
Fridlion between various fubftanccs, formed from his 
experiments in Defag. Exp. Philof. vol. s, p. 193 
See. alfo p. 133 to 138, and p. 182 to 254, and p. 
45 R to 460. On the fubjcdl of Fridlion, fee feveral 
vols. of the Philof. Trauf. as vol. 1, p. 206 ; vol. 
34. P* 77 ; 'ol. 37, p. 394; vqj. 53, p. 139, &c. 

FRIDAY, the 6th day of the week, fo called 
from Friga, or Friya, a goddefs worfhipped by the 
Saxons on this day. It is a fall-day in the church of 
England, in memory of our Saviour’s crucifixion, un¬ 
it fs Chrilhnas-day happen to fall on Friday, which is 
always a fdlival. 

Good Friday, the Friday next befure Eafter, re- 
prefenting the day of our Saviour’s crucifixion. 

FRIGID Zone, the fpace about cither pole of the 
earth to which the fun never rifes for one whole day 
at leaft iu their winter. Thefe two zones extend 
to about 23, degrees every way from the pole, as 
their centre. 


FRIGORIFIC, in Pliyflcs, fomcthfng belonging 
to, or that occafions cold.—Some pliilofophers, as 
Gafleudus, and other corpufcularians, denying cold to 
be a mere privation, or abfcnce of heat, contend that 
there are adlual Frigorific corpufclcs or particles, as 
well as fiery ones: whence proceed cold and heat. But 
later philofophers allow of no other Frigorific particles 
befide thofe nitrous falts &c, which float in the air in 
cold weather, and occafion freezing. 

FRIZE, Frifze, or Freeze, in Architedlure, a 
part of the entablature of columns, between the archi¬ 
trave and cornice. 

FRONT, in Architecture, denotes the principal 
face or fide of a building; or that preiented to their 
chief afpedl and view. 

Front, in PerfpcCtive, a projection or reprefenta- 
tion of the face, or forepart of an objeCt, or of that 
part diredtly oppofite to the eye, called alfo more 
ufually orthography. 

FRONTISPIECE, in Arclutedlurc, the portalc, or., 
principal face of a fine building. 

FRONTON, in Architedlure, an ornament among 
us more ufually called Pediment. 

FROST, fuch a ftate of the atmofphere as caufes the 
congelation or freezing of water or other fluids into icc. 

The nature and effedls of Froft in different countries, 
are mentioned under the articles Congelation, and 
Freezing. In the more northern parts of the world, 
even folid bodies are affcdled by Froft, though this is 
only or chiefly in confcquence of the moifture they con¬ 
tain, which being frozen into ice, and fo expanding as 
water is known to do when frozen, it burfts and rends 
any thing in which it is contained, as plants, trees. 
Hones, and large rocks. Some fluids expand by Froft, 
as water, which expands about Toth part, for which 
reafon ice floats in waiter; but others again contrafl, 
as quickfilvcr, and hence frozen quickfilver links in the 
fluid metal. 

Froft, being derived from the atmofphere, naturally 
proceeds from the upper parts of bodies downwards, 
as the water and the earth; fo, the longer a Froft ia 

continued, 
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continued, the thicker the iee becomes upon the wa¬ 
ter in ponds, and the deeper into the earth the-ground 
is frozen. In about 16 or I •;. days Froft., Mr. Boyle 
found it hud penetrated T4 inches into the ground. At 
Mofcow, in a hard fcafon, the Froll will penetrate 2 
feet deep in the ground; and Capt.. James found it pe¬ 
netrated jo feel deep in Charlton ifl.ind, and the water 
in the fame ifland was frozen to the depth of 6 feet. 
ScheftVr afhires us, that in Sweden the Froft pierces 2 
cubits, or Swedifii ells into the earth, and turns what 
moillure is found tliere into a wliitifh fubftrtnce, like 
ice; and Handing waters to 3 ells, or more. The 
fame author alfo mentions fudden cracks or rifts in the 
ice of the lakes of Sweden, 9 or to feet deep, and 
many leagues long ; the rupture being made with a 
noife not lefs loud than if many guns were difeharged 
together. By fuch means however the fillies are 
furnifhed with air; fo that they are rarely found 
dead. 

The natural hiftories -of Froils funiifli very extraor¬ 
dinary' effects of them. 'Hie trees are often fcorchcd, 
and burnt up, as with the moft exceflivc heat ; and 
fplit or (battered. In the great Froft in 1683, the 
.trunks of oak, alh, walnut, &c, were miferably fplit 
and cleft, fo that they might be feen through, and 
the cracks often attended with dreadful noiies like 
the cxplofion cf fire-arms. Philof. Tranf. number 
165. 

The clofe of the year 1708, and the beginning of 
1709, were remarkable, throughout the greateft part 
of Europe, for a fevere Froft. Dr. Derfiam fays, it 
was the greateft in degree, if not the moft univer- 
fal, in the memory of man; extending through moft 
rarts of Europe, though fcarccly felt in Scotland or Ire* 
and. 

In very cold countries, meat may be preferred by the 
Froft 6 or 7 months, anti prove tolerable good eating. 
See Capt. Middleton’s obfervations made in Hudfon’s 
bay, in the Philof. Tranf. no. 465, fe£l. 2. In that 
climate the Froft feems never out of the ground, it 
having been found hard frozen in the two fummer 
months. Brandy and fpirit of wine, fet out in the 
open air, freeze to ftdid ice in 3 or 4 hours. Lakes 
and Handing waters, not above 10 or 12 feet deep, are 
frozen to the ground in winter, and all their fifh pe- 
rilh. But in rivers, where the current of the tide is 
Itrong, tlie ice does not reach fo deep, and the fifh are 
preferved. Id. ih. 

Some remarkable inftances of Froft in Europe, and 
chiefly in England, arc recorded as below : In the 
year 

220, Froft in Britain that lafted 5 months. 

250, The Thames frozen 9 weeks. 

291, Moft rivers in Britain frozen 6 weeks. 

359, Severe Froft in Scotland for 14 weeks. 

508, The rivers in Britain frozen lor 2 months. 

558, The Danube quite frozen over. 

695, Thames frozen 6 weeks; booths built on it. 

759, Vhoft from O &. 1 till F.eb. 26, 760. 

827, Frbft in England for 9 weeks. 

859, Carriages uled on the Adriatic fea. 

908, Moft nvers in England frozen 2 months. 

933, The Thames frozen 13 weeks. 

987, Froft lafted 120 days: began Dec. 22* 

998, The Thames frozen 5 weeks. 

n 


1-035, Severe Froft ou June 24.: *the corn and frutU 
deflroyed. 

1063, The Thames frozen 14 weeks. 

1076, Froft in England from Nov. till April. 

1114, Several wooden bridges carried away by ice. 

J205, Froft from Jan. 14till March 22. 

1407, Froft that lafted 15 weeks. 

1434, From Nov. 24 till Feb. 10. Thames frozen 
down to Gravcfend. 

.1683, Froft for 13 weeks. 

170J, Severe Froft for many weeks. 

1715, The fame for many weeks. 

1739, One for .9 weeks. Began Dec. 24. 

1742, Severe Froft for many weeks. 

1747, Severe Froft in Ruflia. 

1754, Severe one in England. 

1760, The fame irt Germany. 

1776, The fame in England. 

1788, Thames frozen below bridge ; booths on it. 

Hoar Frost, is the dew frozen or congealed, early 
in cold mornings; chiefly in autumn. Though many 
Cartefians wall have it formed of a cloud; and either 
congealed in the cloud, and fo let fall; at ready to be 
congealed as foon as it arrives at the earth. 

Hoar Froft, M. Regis obferves, confiils of an affem- 
blagc of little parcels of ice crystals ; which are of va¬ 
rious figures, according to the different difpofition of 
the vapours, when met and condenfed by the cold. 

FRUSTUM, in Geometry, is the part of a folid 
next the bafe, left by cutting oft' the top, or iegment, 
by a plane parallel to the bafe: as the Fniltum of a 
pyramid, of a cone, of a conoid, of a i’pheroid, or of a 
fphere, which is any part comprifod between two pa¬ 
rallel circular fe&ions ; and the Middle Frultum of a 
fphere, is that whofe ends arc equal circles, having the 
centre of the fphere in the middle of it, and equally dif- 
tant from both ends. 

For the Solid Content of the Fruflum of a cone, or of 
any pyramid, whatever figure the bafe may have. Add 
into one fum, the areas of the two ends and the mean 
proportional between them ; then | of that fum will be 
a mean area, or the area of an equal prifm, of the fame 
altitude with the Frultum; and confcqucntly that 
mean area being multiplied by the height of the Fruf- 
tum, the produdfc will be the folid content of it. 

That is, if A denote the area of the greater end, 
a that of the lefs, and h the height; 
then A + a + +/Aa x \h is the foGdity. 

Other rules for pyramidal or conic Fruftums may be 
feen in my Menfuration, p. 189, 2d edit. 1788. 

The curve Surface of the 7 .one or Fruflum of a fphere, 
is had by multiplying the circumference of the lphcrc 
by the height of the Fruftum. Meufur. p. 197. 

And the Solidity of the fame Fruflum is fornd, by add¬ 
ing together the fquares of the radii of the two ends, 
and i of the fquare of the height of the Fruftum, then 
multiplying the fum by the fat’d height an d by the 

number 1*5708. That is, R* + r* 4- \h x X \ph is 
the folid content of the fpheric Fruftum, whofe height 
is h, and the radii of its ends R and r, p being = 
3*1416. Menhir, p. 209. 

For the Fruftums of foheroids, and conoids, either 
parabolic or hyperbolic, ice Menfur. p. 326, 328, 332, 
382, 435. And in p. 486 Stc, are general theorems* 
concerning the Fruftum of a fphere, cone, fpheroid, or 
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conoid, terminated fey parallel planes, when compared 
with a cylinder of the fame altitude, on a bafe equal to 
the middle fedlion of the FruAum made by a parallel 
plane. The difference between the Frullum and the 
cylinder is always the fame quantity, in different parts 
qf the fame, or of iimilar folids, or whatever the mag¬ 
nitude of the two parallel ends may be ; the inclination 
of lliofe ends to the axis, and the altitude of the Fruf- 
tum being given ; and the faid conflant difference is 
part of a cone of the fame altitude with the Frullum, 
and the radius of its bafe is to that altitude, as the 
fixed axis is to the revolving axis of the Frullum. Thus, 
if 11 EC be any conic, fc&iou, or 
a right line, or a circle, whofc 
axis, or a part of it, is AD ; 

All and CD the extreme ordi¬ 
nates, FE the middle ordinate, 

AF being = FD ; then taking, 
as Al> to DK, fo is the whole 
fixed axis, of which AD is a 

! >art, to its conjugate axis; and completing the paralle- 
ogram AGHD: then if the whole figure revolve about 
tlttiKisW A P, the line BEC will generate the Frullum 
of the cone or conoid, according as it is a right line or 
a conic fedlion, or it will generate the whole folid when 
AB vanilhes, or A and B meet in the fame point; like- 
wife A Gill) will generate a cylinder, and ADK a 
cone : then is the 4th part of this cone always equal 
to the difference between the laid cylinder generated 
by AGHD and the folid or Frullum generated by 
ABECD ; having all the fame altitude or axis AD. 

In the parabolic conoid, this difference and the cone 
vanifh, and the Frullum, or whole conoid ABECD, 
is always equal to the cylinder AGHD, of the fame 
altitude. 

In the fphcrc, or fpheroid, the FruAum ABECD 
is lefs than the cylinder AGliD, by i of the cone 
AKD. And 

In the cone or hyperboloid, that FruAum is greater 
than the cylinder, by 4 of the faid cone AKD, which 
is Iimilar to the other cone 111 CD. 

It may he obferved, that the fame relations are true, 
whether the ends of the FruAum are perpendicular or 
oblique to the axis. And the fame will hold for the 
Frullum of any pyramid, whether right or oblique ; 
and fuch a Frullum of a pyramid will exceed tlie prifm, 
of the fame altitude, and upon the middle fiction of 
the Frullum, by of the fame cone. 

It has been obferved, that the difference, or 4 of the 
cone AKD, is the fame, or conllant, when the altitude 
and inclination of the ends of the FruAum remain the 
fame. But when the inclination of the ends varies, the 
altitude being conAant; then the faid difference varies 
fo as to he always reciprocally as the cube of the con¬ 
jugate to the diameter AD. And when bo! Ii the alti¬ 
tude and inclination of the ends vary, the differential 
cone is as the cube of the altitude directly, and the 
■cube of the faid conjugate diameter reciprocally: but 
if they vary fo, as that the altitude is always reciprocal¬ 
ly as that diameter, then the difference is a conllant 
-quantity'. 

Another general theorem for Frujlums, is this. In the 
FruAum of any folid, generated by the revolution of 
any conic fettion about its axis, if to the fum of the 
‘ Vol. I. 



two ends be added 4 times the middle fe&ion, * of tne 
lall fum will be a mean area, and being drawn rhto the 
altitude of the folid, will produce the content. That 

is, AE + DC + 4 FE x l AD is the content of 
ABCD. ** 

And this theorem is general for all Fruftums, as well 
as the complete folids, whether right or oblique to the 
axis, and not only of the folids generated from the 
circle or conic feftions, hut alfo of all pyramids, cones, 
and in fliort of any folid whofc parallel iedtiona arc 
liinilar figures. 

The fame theorem alfo holds good for any parabolic 
area A BECD, and is very nearly true for the area of 
any other curve whatever, or for the content of any 
other folid than thofe above mentioned. 

FUGUE, in Mufic, is when the dififerent parts of a 
mufical compofition follow each other, each repeating 
i'11 order what the firfi had performed. 

FULCRUM, or Prop, in Mechanics, is the fixed 
point about which a lever &c turns and moves. 

FULGURATING Phofphorus, a term ufed by 
feme Englifh writers, to exprefs a fubfiance of the 
phofphorus kind. It was prepared both in a dry and 
liquid Aate, but the preparation it feems was not well 
known to any but the inventor of it. This matter not 
only Alone in the dark in both Aatcs, but communi¬ 
cated its light to any thing it was rubbed on. When 
inclofed in a glafs veflel well flopped, it fometimes would 
Fulgurate, or throw out little flafhes of light, and fome¬ 
times fill the whole phial with waves of flame. It does 
not need recruiting its light at the fire, or in the fun- 
fhine, like the phofphorus of the Bologtiian Aone, but 
of itfelf continues in a Aate of Alining for feveral years 
together, and is feen as foon as expofed in the dark; 
the folid or dry matter always refcnibling a burning 
coal of fire, though not confuming itfelf. Philol. 
Tranf. N° 134. 

FULIGINOUS, an epithet applied to thick fmoke 
or vapour replete with foot or other crafs matter. 

In the firfi fufiou of lead, there exhales a great deal 
of Fuliginous vapour, which being retained and col¬ 
lated, makes what is called Litharge. Anil Lamp¬ 
black is what is gathered from the Fuliginous vapours 
of pines, and other refinous wood, when burnt. 

FULMINANT, Fulminans, or Fulminating, 
an epithet applied to fomething that thunders, or'makcs 
a noife like thunder. 

Aurum Fulminans. Sec Aurum. 

Ptilvis Fulminans, is a compofition of 3 parts of 
nitre, 2 parts of fait of tartar, and 1 of fulphur.—Both 
the Aurum and Pulvis Fulminans produce their cffefl 
chiefly downwards; in which they' differ from gun¬ 
powder, which adds in ovbem, or all around, but prin¬ 
cipally upwards. When the compofition is laid i» 
brafs ladles, and fo fel on fire, after fulmination, the 
ladles are often found perforated. It differs alfo from 
gunpowder in this, that it does not require to be con¬ 
fined, in order to fulminate, and it mull be flowly and 
gradually heated. Some inftants before eja^ofion, a 
light blue flame appears on its furface, procmiing from 
the vapours beginning to kindle. No more fire or 
flame is perceived during the fulmination, being fulTo- 
cated and extiuguillied by the quicknefs and violence of 
the commotion. FJur dues the Fulminating powder 
3 X generally 
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generally kindle the combuftiblc bodies in contndl with 
it, becaufe the time of its inflammation is too fhort. 

Fiu.minating Damp. See Damp. 
FULMINATION, or Fulguration, a vehement 
noife or fliock refembling thunder, caufed by the hidden, 
cxplofinn and inflammation of divers preparations ; as 
aurum fulminans, &c, when fet on fire. 

FUNCTION, a term ufed in analytics, for an alge¬ 
braical exprelfioti any how compounded of a certain 
letter or quantity with other quantities or numbers: 
and the expreffion is faid to be a Function of that let¬ 
ter or quantity.Thus a — 4*, or ax + 3*% 
or 2x — a ^d 1 — jr*, or or c T , is each of them a 
Function of the quantity .r. 

On the fubjeft of Fundtions, their divifions, transfor¬ 
mations, explication by infinite feries, &c, fee Euler's 
Analyf. Infmitorum, c. 1, where the fubjedt is fully 
treated. 

FURLONG, an Engli/h long meafurc, containing 
660 feet, or 220 yards, or 40 poles or perches, or the 
8th part of a mile. 

FURNITURE, in Dialling,certain additional points 
and lines drawn on a dial, by way of ornament. Such 
as the ligns of the zodiac, length of days, parallels of 
declination, azimuths, points of the compafs, meridians 
of chief cities, Babylonic, Jewifh, or Italian hours, See. 

FUSA ROLE, in Architecture, a fmall round mem¬ 
ber cut in form of a collar, with oval beads, under the 
echinus, or quarter-round, in the Doric, Ionic, and 
Compofite capitals. 

FUSEE, or Fusv, in Watcli-work, is that part re¬ 
fembling a low cone with its fides a little funk or con¬ 
cave, which is drawn by the fpring, and about which 
the chain or firing is wound. 

The fpring of a watch is the firft mover. It is rolled 
up in a cylindrical box, againfi which it a£ts, and which 
it turns round in unbending itfelf. The chain, which 
at one end is wound about the Fufee, and at the other 
fattened to the fpring-box, difengages itfelf from the 
Fufee in proportion as the box is turned. And hence 
the motion of all the other parts of the fpring-watch. 
Now the effort or action of the fpring is continually 
dbninifhh’g from firft to laft; and unltfs that inequality 
was rectified, it would draw the chain with more force, 
and wind a greater quantity of it upon the box, at one 
time than another ; fo that the movement would never 
keep equal time. 

To correct this irregularity of the fpring, it was very 
happily contrived t > have the fpring applied to the arms 
of levers, which are continually longer as the force of 
the fpring is weaker: this foreign afliftaucs, always iti- 
creafing as it is moil needed, maintains the udtion and 
effect of the fpring'in an equality. 

It is for this rcafon then that the Fufee is made 
tapering fomewhat conical, its radius at every point of 
tire axis anfwcring to the correfponding flrength of the 
fpring. 

Now if the aftion of the fpring diminiflied equally, 
as the parallels to the bale of a tnauglc do; the cone, 


which is generated of a triangle, would be the precife^ 
figure required for the Fufee; but it. is certain that the 
weakening of the fpring is not in that proportion; and - 
therefore the Fufee fhould not be exactly conical; and 
in fadt experience fhewa that it fhould be a little I10I-. 
lowed about the middle, becaufe the adlion of the fpring- 
is not there fufficiently diminished of itfelf. 



Mr. Varignon has mvefttgated the figure of ths 
Fufee, or the nature of the curve by whole revolution 
about its axis, (hall be produced the folid wbofe figure 
the Fufee is to have. Tin's curve it may cafily be fhewn 
is an hyperbola whofe afymptote is the axis of the 
Fufee. Thus, let DFE be the curve of the Fufee, ita 
axis being ABC : let AD exprefs the greateft flrength 
of the fpring when the watch is quite wound up, or 
when the fpring adls at D, and I 1 G the leafl ftrengtli 
when the watch is down, or whenthe fpring adts at £ ; 
fo as that BE : AD : : AD : BG, or 13 E xBG = 
AD*; join DG, producing it to meet the axis pro¬ 
duced in C ; then (hall HI denote the flrength of the 
fpring adling at the correfponding point F of the 
Fufee; and the nature of it mull be fuch that the 
redtangle HI X HF be equal to a conftant quantity, 
or HF mull be reciprocally as III, 
or HI : BG ; : BE : HF} 

but becaufe - - AD, HI, BG, 

are dirtdlly proportional to - CA, CH, CB, 

theref. thefe arc reciprocally propor. to AD, HF, BE; 
and confcquently the curve DFE is an hyperbola, 
whofe centre is C, and afymptotes AC and KL: fo 
that the figure of the Fufee is the folid generated by 
an equilateral hyperbola revolved about its afymptote. 
See alfo Martin’s Mathein. Inflit. vol. 2, p. 364. 

Fusee, Fuse, or Fuze, in Artillery, is a wooden 
tap or tube ufed to fet fire to the. powder in a bombr 
/hell. The bore of this tube is filled with a compoli- 
tion, of fulphur one part, faltpatrc 3 parts, and mealed 
powder 3, a, or 5 parts. The tube is driven hard 
into the hole in the flicll, having firft cut it to the 
exadi length anfwering to the tune of the intended 
flight of the fhell, fo that, the compofition in the Fufe 
catching fire by the difeharge of the fhell from the 
mortar, it juft burns down to its lower end, and fo feta 
fire to the powder in the fhell, and thereby burfts it, at 
the moment when it arrives at the end of its range or 
flight. 

FUST, hi Architedlure, the /haft of a column, or 
the part comprehended between the bafe and the capi¬ 
tal, called alfo the Naked. 

FUZE, or Fuzee. . See. Fusee. 
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G ABIONS, In Fortification, arc large cylindrical 
bafkets, open at both ends, made of ozier twigs, 
of 3 or 4 feet in diameter, and from 3 to 6 feet high. 
Thcfe, being filled with earth, are fometimes ufed as 
merlons for the batteries, and fometimes as a parapet 
for the lines of approach, when the attacks are carried 
•n through a finny or rocky ground, and to advance 
them with extraordinary vigour. They ferve alfo to 
make lodgments in fome polls, and to feettre other 
places from the flint of the enemy ; who, on their part, 
endeavour to burn ami deflroy the Gabions, by throw¬ 
ing pitched faggots among them. 

GABLE, or Gaul v.-eiul, of a houfc, is the upright 
triangular end, from the cornice or eaves to the top of 
its roof. 

GAGE, in Hydroflalics, Pneumatics, See, is an in- 
flrument for afeertaining meafures of various kinds. 
As 

G ace of the Au -pump, is adapted for /hewing the 
degree to which the air is rarefied, or the receiver is 
cxhatillcd, at any time by the air-pump. This Is either 
the common barometer-gage, both long and fliort, or 
the pear gage, which at firII was thought a great im¬ 
provement, hut afterwards it. was difeovered that its 
Teeming accuracy was founded on a fallacy, which gave 
an erroneous indication of exhauftion. Sec Air -pump. 

Gage of the Barometer, is a contrivance for eft limit¬ 
ing the exact degree of the rife and fall of the mercury 
in the tube of that inllrimient. It is well known that 
whilft the mercury rifes in the tube, it finks in the 
cilltrn, and vice verfa; and eonfequently the divifions on 
the fcale fixed near the top of the tube had their diflance 
from the furface of the mercury in the ciflem always 
various ; from which there mull often happen errors in 
determining the height of the mercury in the tube. To 
remedy this inconvenience, a line is cut upon a round 
piece of ivory, which is fixed near the ciflem : this line 
is accurately placed at a given diflance from the fcale ; 
For example at 27 inches ; and a fmall float of cork, 
with a cylindrical piece of ivory fixed to its upper fur- 
Facc, on which a line is cut at the exact diflance of 2 
inches from the under fide of the cork, is left to play 
freely on the quiekfilver, and the cylinder works iu a 
groove made in the other piece. From this conflruftion 
it appears, that if thefe marks are made to coincide, by 
■railing or lowering the ferevv which ails on thequick- 
filver, then the divifions on the fcale will exprefs the 
true meafurc of the diflance from the furface. 

Gage of the Cumlrnfer, is a glafs tube of a particular 
couflruftion, adapted to the condensing engine, and de- 
> figned to fhew the exact denfity and quantity of the 
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air contained at any time in the eondenfer. See Dcfa- 
guliers’s Exper. Philof. vol. 2, p. 394. 

Sen Gage, an inftrument for finding the depth of 
the fea. Several forts of thcfe have been invented by 
I)r. Ilales, Dr. Defaguliers, and others. Formerly, 
the machines for this purpofe confided of two bodies, 
the one fpecifically lighter, and the other fpecifically 
heavier than the water, fo joined together, that as foort 
as the heavy one came to the bottom, the lighter 
fliould get loofe from it, and emerge ; and the depth 
was to lie eflimated by the time the compound was 
in falling from the top to the bottom of the water, to¬ 
gether with the time the lighter body' was ih riling, 
reckoned from the difappearmg of the machine, till 
the emergent body was feen again ; but no certain 
coiiclulion could be drawn from fo precarious and in¬ 
complete an experiment. 

But that invented by Drs. Hales and Defaguliers 
was of a more ex aft nature, depending on the prefTure 
of the fluid only'. For as the prefTure of fluids in all 
directions is the fame at the fame depth, a Gage which 
difeovers what the prefTure is at the bottom of the fea, 
will fhew what the true depth of the fea is in that 
place, whether the time of the machine’s defeent be 
longer or fliorter. 

Dr. Hales, in his Vegetable Statics, deferibes his 
Gage for ellimating the preflures made in opaque vef- 
fels; where honey being poured over the furface of 
mercury in an open vcfTel, rifes upon the furface of the 
mercury' as it is prefled up into a tube whofe lower ori¬ 
fice is immerfcd into the honey and mercury, and whofe 
top is hermetically fealed. Now as by the prefTure, the 
air in the tube is condcnfed, and the mercury rifes, fo 
the mercury comes down again when the prefTure is 
taken off, and would leave no mark of the height to 
which it had rifen ; but the honey (or" treacle, which 
does better) which is upon the mercury, flicking to 
the iufidc of the tube, leaves a mark, which fliews the 
height to which it. had rifen, and eonfequently gives 
the quantity of preffure, and the bright of the furface 
of the fluid. 

Defaguliers’s addition fo this machine, confifled In a 
contrivance to carry it down to the bottom of the fea 
by means of a heavy weight, which was immediately 
difengaged by finking the bottom, and the Gage, 
made very light for the purpofe, re-afeended tp ^e top. 

Dr. Hales afterwards math- more expenment^f this 
fort, and propofed another Sea Gage for vaft depth.'., 
which Is deferibed in the Philof. Trauf. N° 405, and 
is to this efTeA. Suppofc a pretty long tube of copper 
or iron, clofe at the upper end, to be let down into the 
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fea, to any depth, the water will rife in the tube to a 
height bearing a certain proportion to the depth of the 
fea to which the machine is funk. And this propor¬ 
tion is as follows: 33 feet of fea water being nearly 
equal to the mean preflure of the atmofphere, therefore 
at 33 feet deep, the air in the tube will be comprefled 
into half the length of the tube, or the water will rife 
and fill half way up the tube; in like manner at 0.6 
feet deep, the water will occupy \ of the tube ; at yy 
feet deep it will fill j of the tube; at 132 feel deep it 
will fill -t of the tube ; and fo on. Hence therefore, by 
knowing the height to which the water rifLs in the 
tube, there will be known the confcqucnt depth of the 
fea. 

But, in very great depths, the fcale near the lop of 
the tube Would he fo {mail, and the divilions fo clofe, 
that there would be no accuracy in the experiment, un- 
lefs the tube were of a scry great length, and tin':, again 
would render it both liable to be broken, and quite im¬ 
practicable. 

To remedy this inconvenience, he made the follow¬ 
ing contrivance : To the bottom of the tube he fere wed 
a large hollow globe of copper, with a finall orifice, or 
a fhort pipe at bottom of the globe, to let in the water ; 
by which means he had a very great quantity of air, 
and the fcale enlarged. See alfo Defagul. Exp. Phil, 
vol. 2, p. 224 and 241. 

Bucket Sea Gage, is an inftrument contrived by Dr. 
Hales to find the different degrees of coolncfs and falt- 
nefs of the fea at different depths. This Gage confifts 
of a common pale or bucket, with two heads : thefc 
heads have each a round hole in the middle, about 4 
inches in diameter, covered with fquare valves opening 
upward; and that they may both open and flint to¬ 
gether, there is a final! iron rod, having one cud fixed 
to the upper fide of the lower valve, and the other end 
to the lower fide of the upper valve. So that as the 
bucket defeends with its finking weight into the fea, 
both the valves may open by the force of the water, 
which by that means has a free paflltjje through the 
bucket. But when the bucket is drawn up, then both 
the valves fhut by the force of the water at the upper 
end of the bucket; fo that the bucket is drawn up 
full of the loweil fea water to which it has dcfcctided, 
ami immediately the mercurial thermometer, fixed 
within it, is examined, to fee the degree of tempera¬ 
ture ; and the degree of ftdtncfs is aftei wards examined 
at leifure. I'hilof. Trattf. numb. 9, p. 149, and numb. 
24, p. 447, or Abridg. vol. 2, p» 260. 

Lord Charles Cavendifh adapted a thermometer for 
the temperature of the fea water, at different depths. 
Ste Philof. Tranf. vol. yo, p. 300, and Phipps’s Voy¬ 
age towards the North Pole, p. 142 &c. 

Slquto-mercurtal Gage is the name of an apparatus 
contrived by Dr. Hales, and applied, in various forms, 
to the brandies of trees, to determine the force with 
which they imbibe moifture. Vegetable Statics, vol. 
I, ch. 2, p. 84. 

Sliding Gage, a tool ufed by mathematical inftru¬ 
ment makers, for me,during and fetting off dillaiiccs; 
ronfifting of a beam, tooth, Aiding locket, and the 
fhoulder of the fceket. 

Tide Gage, an inftrument ufed for determining the 
height of the tides by Mr. Bayly, in the courfe of a 


voyage towards the fouth pole &c, in the Rcfolution 
and Adventure, in the years 1772, 1773, 1774, and 
1775. This inftrument confifts of a glafs tube, whofe 
internal diameter was 7-ioths of an inch, lafhed faft to 
a ro foot fir rod, divided into feet, inches, and parts; 
the rod being fattened to a ftrong poll fixed firm and. 
upright in the water. At the lower end of the tube 
was an exceeding fmall aperture, through which th<£ 
water was admitted. In confequence of this couftruo*’ 
tion, the furface of the water in the tube was fo litfle 
affected by the agitation of the fea, that in fieight was . 
not altered the loth part of an inch when the fwell of 
the fea was 2 feet; and Mr. Bayly was certain, that 
with this inftrument lie could difeern a difference of 
the 1 oth of an inch in the height of the tide. 

Water Gage. See Altitude, and Hydrometer. 

Wind G'aok, an inftrument for menfuring tiie force 
of the wind upon any given furface. Several have been 
invented formerly, and one was lately invented by Dr. 
Lind, which is deferibed in the Philof. Tranf. vol. 65. 
See feveral alfo under the article Anemometer.. 

GAGER, fee Gauger. 

GAGING, fee Gauging. 

GALAXY, or Mifiy-lVay, or Via Ijaffra, in A/lro- 
nomy, that long, whitilh, luminous track, which leans 
to cncompnfs the heavens like a fwath, fcarf, or ginlle ; 
and which is eafily feen in a clear night, especially when 
the. moon is not up. It is of a confiderahle, though 
unequal breadth ; being alfo in forne parts double, but 
in others Angle. 

The Galaxy pafles through many of the conftella- 
tions in its circuit round the heavens, and keeps its exaCt 
place or pofition with refpetl to them. 

There have been various llrange and fabulous ftories 
and opinions concerning the Galaxy. 

The ancient poets, and even loine of the philofo- 
plicra, fpeak of it as the road or way by which 
the heroes went to heaven. But the Egyptians call¬ 
ed it the Way of Straw, from the ftory of its riling 
from burning ilra.v, thrown behind the geddefs Ill:, 
in her flight from the giant Typhon. While the 
Greeks, who affeCt to derive everything in the heavens 
from fume of their own fables, have two origins for it; 
the one, that Juno, without perceiving it, accidentally 
gave fuck to Meicury when an infant, but that as Soon 
as (lie turned her eyes upon him, flic threw him from 
her, and as the nipple was drawn from his mouth, the 
milk ran about for a moment; and the other, that the 
infant Hercules being laid by the fide of Juno when 
afleep, on waking the gave him the breaft; but foon 
perceiving who it was. Hie threw him from her, and the 
heavens were marked by the wafted milk. 

Some other philofophers however gave it a different 
turn, and different origin: thefe cltcemcd it- to be a 
traft of liquid fire, fpread in this manner along the 
ikies: and others again, fuppofing a cclcftial region 
beyond all that was vilible, and imagining that lire, 
at fomc time let loofe from thence, was to confume 
the world, made this a part of that cclcftial fire, and 
appealed to it as a prefage yf what would finely hap¬ 
pen. This diffufed briVhtnefs they confidered as a 
crack in the vault or wall of heaven, and fancied this a 
glimmering of the eeleftial lire through it, and that 
there required nothing more than the undoing »f tins . 
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crack by fome accident in nature, or by the will of the 
Gods, to make the whole frame ftart, and let out the 
fire of deftru&ion. 

Ariilotlc makes the Galaxy a kind of meteor, formed 
of a crowd of vapours, drawn into that part by cer¬ 
tain large liars difpofed in the region of the heavens an- 
fwering to it. Others, finding that the Galaxy was 
fee 11 all over the globe, that it always correipondcd to 
the fame fixed liars, and that it was far above the 
highelt planets, fet Arillotle’s opinion afide, and placed 
the Galaxy in the firmament or region of the fixed 
liars ; and concluded that it was nothing elfc but an 
jifi'emblagc of an infinite number of minute liars. And 
lincc the invention of telcfcopcs, this opinion has been 
abundantly confirmed. For, by directing a good te- 
lcfcope to any part of the milky way, we perceive an 
innumerable multitude of very fmall liars, where before 
we 011V obferved a confufed whitenefs, ariling from the 
aflcmblage and union of their joint light; like as any 
tiling powdered with fine white powder, at a didance 
■we only oblervc the confufed whitenefs, but on examin¬ 
ing it scry near we perceive all the fmall particles of 
the powder feparattly ; as Milton finely expreffes it, 

A broad and amjdr road, whole dull is gold. 

And I'.ivcmctit llris, as liars to Hut- appear. 

Seen in the Galaxy, that milky way, 

Which nightly, as a circling Zone thou feeft 
l’owder’d with llais. 

There are other ftieh marks in the heavens ; as the 
nebula 1 , or, nebulous liars, and certain whitifii parts 
about the fouth pole, called Magellanic clouds, which 
are all of the lame nature, appearing to bevaft cluflers 
of fmall liars when viewed through a telcfcopc, which 
are too faint to affccl the eye fingly. 

M. le Mourner however, not being able to difeover 
more liars in this (pace than in other paits of the hea¬ 
vens, difputes the opinion above recited as to the reafou 
of the whitenefs, and fuppofes that this and the nebu¬ 
lous liars are occalioued by fome other kind of matter. 
Ind. All. p. f>o. 

GALILEI (Gai.it.eo,) a mod excellent philofo- 
jiher, mathcinatieian and ailronomer, was born at Pifa 
in Italy, in 1564. From his infancy lie had a Itr.ing 
propensity to philofophy and mathematics, and foon 
maele a great progrels in thefe fcicnces. So that in 
1 592 he was ehofen profeffor of mathematics at Padua. 
While he was profeffor there, vitiling Venice, then 
famous for the, art of glafs-making, he heard that 
in Holland a gluts had been invented, through which 
very didunt objoils were feen diJlinelly as if near at 
hand. This was fiifiicient for Galileo ; his euriofity 
was raifed, and put him upon confidcring what mull k.e 
the form of fitch a glafs, and the manner of making it. 
The refult of his enquiry was the invention of the tc- 
lefcopr, produced from this hint, without having fecti 
the Dutch glafs. AH the difeoveries he made in af- 
tronomy were eafy and natural confequences of this in¬ 
vention, which opening a way,-till then unknown, into 
the heavens, thence brought the fined difeoveries. One 
<if the lirll of thefe, was that of 4 of Jupiter’s fatellitcs, 
which he called the Mcdicean dars or planets, in honour 
mf Cofino the 2d, grand-dukc of Tufeany, who was of 


that family. Cofino fent for our ailronomer from Pa¬ 
dua, and made him profeflor of mathematics at Pifa in 
1611 ; and foon after inviting him to Florence, gave 
him the office and title of principal phi/o/opher and ma¬ 
thematician to hit highnejs. 

He had been but a few years at Florence, before the 
Inquifition began to be very bufy with him. Having 
oblerved fome folar fpots in 1612, he printed that dil- 
covtry the following year at Rome; in which, and 
in fome other pieces, he ventured to affert the truth of 
the Copernican fyllem, and brought feveral new argu¬ 
ments to confirm it. For thefe he was cited before 
the Inquifition at Rome,.in 1615 : after fome months 
imprifonment, he was relcafed, and fentence pronounced 
againft him, that he Ihould renounce his heretical opi¬ 
nions, and not defend them by word or writing, or in- 
finuate them into the minds of any perfons. But hav¬ 
ing afterwards, in 1632, publilhed at Florence his Dia¬ 
logues of the two Great Syftems of the World, the 
Ptolomaic and Copernican, he was again cited before 
the holy-office, and committed to the prifon of that 
ccclcfialtical court at Rome. The inquifitors convened 
in June that year; and in his prefence pronounced fen¬ 
tence againft him and his books, obliging him to ab¬ 
jure his errors in the moll folemn manner; committed 
him to the prifon of their office during pleafure ; and 
enjoined him, as a faring penance, for three years to 
come, to repeat once a week the feven penitential 
pfalms : referving to themfelves, however, the power of 
moderating, changing, or taking away altogether or in 
part, the laid punilliment and penance. On this fen¬ 
tence, lie was detained in prifon till 1634; and his 
Dialogues of the Syllem of the World were burnt at 
Rome. 

Galileo lived ten years after this; feven of which 
were employed in making Rill further difeoveries with 
his telcfcope. But by the continual application to that 
iuilmment, added to the damage his light received 
from the nodlurnal air, his eyes grew graduaUy weaker, 
till he became totally blind in 1639. He bore this 
calamity with patience and refignation, worthy of a 
great philofophcr. The lofs neither broke his fpirit, 
nor Hopped the courfe of his Itudics. He fupplied the 
defetl by conllant meditation ; by which means he pre¬ 
pared a large quantity of materials, and began to. ar¬ 
range them by dictating his ideas; when, by a diftemper 
of three months continuance, walling away by degrees, 
he expired at Arcetri near Florence, in January 1642, 
being the 78th year of his age. 

G alileo was in his perfon of fmall ftature, though. 
of a venerable alpeft, and vigorous conliitution. His 
converfation was affable and nee, and full of pleafantry. 
He took great delight in archiudlure and painting, 
and defigned extremely well. He played exquilitely , 
on the lute; ami whenever lie fpent any time in the 
country, lie took great pleafure in hulhandry. His 
learning was very extenfive ; and he poffcHed in a high 
degree a clearnefs and acutcnefs of wit. From the 
time of Archimedes, nothing had been done in mecha¬ 
nical geometry, tilj Galileo, who being poffefled of an 
excellent judgment, and great (kill in the moll abAnife 
points of geometry, firll extended the boundaries of 
that fcicnce, and began to reduce the refiltanee of folid 
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bodies to its laws. Bolides applying geometry to tlic 
doftrine of motion, by which philofophy became clla- 
blilhtd on a lure foundation, he made furpriiing difeo- 
veries in the heavens by means of his telcfcope. He 
made the evidence of the Copcrniean fyftem more fen- 
fible, when he {hewed from the phafes of Venfts, lilcc 
to thofc of the moon, that Venus actually revolves 
about the fun. He proved the rotation of the fun on 
his axis, fiom his fpots; and thence the diurnal rota¬ 
tion of the earth became more credible. The fatellites 
that attend Jupiter in his revolution about the fun, re- 
prefented, in Jupiter's fmallor iyilun, a jull image of the 
great folar fyllem: and rendered it more ealy to conceive 
how the moon might attend the earth, as a fatellite, 
in her annual revolution. By difeovering hills and ca¬ 
vities in the moon, and fpots in the fun conflautly vary¬ 
ing, he Ihewcd that there was not fo great a-difference 
between the celellial bodies and the eaith as had been 
vainly imagined. 

He rendered no lefs fervice to feience by treating, in 
a clear and geometrical manner, the doflrinc of motion, 
which has jultly been, called the key of nature. The 
rational part of mechanics had been fo much ncgledted, 
that.hardly any improvement was made in it for almoil 
7.000 years. But Galileo has given us fully the theory 
of equable motions, and of fuch as are uniformly ac¬ 
celerated or retarded, and of thefe two compounded to¬ 
gether. He, li’il of any, ikmonllrand that the fpaces 
deferibed by htavy bodies, from the beginning of their 
defeent, are as the fqtunes o,' the times; and that a 
l>ody, projected iu any direction not perpendicular to 
the horizon, deferibes a parabola. Thefe were the be¬ 
ginnings of the dodti inc t>f the motion of heavy bodies, 
which has been iiiice* canied to fo great a lieight by 
Newton. In geometry, he invented the cycloid, or 
trochoid ; though the properties of it were afterwards 
chiefly' demonllrated by his pupil Torricelli. -He in¬ 
vented the iimple pendulum, and made ufe of it in his 
aftronomieal cxpei iments : he had alfo thoughts of ap¬ 
plying it to clocks ; but did not execute that defign : 
the glory of that invention was referved for his fon 
Viccnzio, who made the experiment at Venice in 1649; 
and Huygens afterward carried this invention to per¬ 
fection. Of Galileo's invention alfo, was the machine, 
with which the Venetians render their JLaguna fluid and 
navigable. He alfo difeovtred the gravity of the air, 
and endeavoured to compare it with that of water ; bo¬ 
lides, opening up fcveral other enquiries in natural phi¬ 
lofophy. In fliort, he was not elleemed and followed 
by pbilofopbers only, but was honoured by perfous of 
the greatell dilliudlion of all nations. 

Galileo had feholars too that were worthy of fo great 
a mailer, by whom the gravitation of the atmofpherc 
was fully cihtbliflied, and its varying prefTure accurately 
and conveniently mcafiired, by the column of quick- 
rdver of equal weight fuRained by it iu the* barometri¬ 
cal tube. The ehifi icily of the air, by which it per¬ 
petually endeavours to expand itfclf, and, while it ad¬ 
mits of eondeufation, refills in proportion to its denfity, 
was a phenomenon of a new kind (the common fluids 
having no fuch property), and was of the utmofl im¬ 
portance to philofophy. Thefe principle.; opened a vyft 
At-lil qf new ai;d uftful knowledge, and explained a 


great variety of phenomena, which had been accountcH 
for before tnat time in a very abfurd manner. It fet-m- 
cd as if the air, the fluid in which men lived from the be¬ 
ginning, had been then but firfl difeovered. Philofophcr* 
were every where bufy enquiring into its various pro¬ 
perties and their effetls : and valuable difeoverits re¬ 
warded their induftry. Of the great number who dif- 
tinguilhed thcmfelves on this occafion, may be men¬ 
tioned Torricelli and Viviani in Italy, Pafcai in France, 
Otto Guerick in Germany, and Boyle in England. 

Galileo wrote a number of treatifes, many of which 
were publilhed in his life time. Moll of them were alfo 
. collected after his death, and publilhed by Mcndefli in 
2 vols qto, under the title of L'Opere di Galileo Galilei 
Lynceo , in 1656. Some of thefe, with others of hit 
pieces, were tranllated into Englilh and publiihcd by 
Thomas Salilbury, in his Mathematical Collefl ions, in 
2 vols folio. A volume alfo of his letters to fcveral 
learned men, and folutions of feveral problems, were 
printed at Bologna in 4to. His lull difciplc, Vincenzo 
Viviani, who proved a very eminent mathematician, me¬ 
thodized a piece of his mailer’s, and publilhed i* undci 
this tiilc, uinto libra dc g/i F.l vmiti d'Euclidi , c’V ; 
at Florence 111 1674,410. Viviani publillied foinc mure 
of Galileo’s things, being Extrailu from his letters to 
a learned Frenchman, where he gives an account of 
the works which he intended to have publilhed, am! a 
palfage from a letter of Galileo dated at A recti i, Oct. 
30, 1635, to John Camillo, a mathematician of Naples, 
concerning the angle of contatl. Bclides all thefe, he 
wrote many other pieces, which were unfortunately loll 
through his wife’s devotion ; who, folieited by her con- 
fellbr, gave him leave to penife her luilbniid’s inanii- 
fevipts; of which he tore and took away as many as 
he faid were not fit to be publilhed. 

GALLERY, in Architcdhne, a covered place in a 
Building, much longer than broad ; which is ufually 
placed in the wings of the building-, and ferving to 
walk in,, and to place pictures iu. It denotes a little 
aifle, or walk, fining as a common pailage to feveral 
rooms placed in a line, or row. 

Gallery, in Fortification, a covered walk, or 
paffuge, made acrofs the ditch of a bi'iieged town, 
with timbers faflened in the ground and covered over. 

GALLON, an Englilh mealurc of capacity, for 
things both liquid and dry', containing 2 pottles, or 4 
quarts, or -8 pints. But tliofe pints and quarts, and 
confequently the Gallon itfclf, are different, according 
to the quality* of the tilings meafured: the wine Gal¬ 
lon, for inilauce, contains 231 cubic inches, and bolds 
Hlb 5 1 oz, avoirdupois, of pure water; the beer and alt 
Gallon contains 282 cubic inches, and holds lolb 
3 t °’ j - °f water ; and the Gallon dry mcafure, for grain, 
meal, &c, contains 268J cubic inches, and holds yll> 
11 .j oz of water. 

GALLOPER, in Artillery, the name of a carriage 
fining for the very fmall guns, and having (hafts fo as 
.to he drawn without a limber. 

GAMING. See Chances, and Laws o/'Chance. 

GARDECAUT,or Guard nu Cord, in a watch, 
is that which Hops the fufee, when wound up, and for 
that end is driven up by the fpring. Some call it 
Guard-cock ; others Guard du Gut. 


GAR- 
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GARRISON Guns, fuch us arc moonted and ufed- 
» a Garrifon, confifting of the following weight*, viz 
the 42, 32, 24, 18, 12, y, aud 6 pounder*} being 
made either of brafs or iron. 


Table of tbe IVeight and Dimcn/ions of Garrifon Guns . 


| Braf* Garrifon Gun:-. 

Iron Cam fun Guns. 

Shot 

Length 

Weight. 

Shot 

hength 

Weight 

lb 

42 

f. in. 
IO O 

C\v. qr. lb. 

64 O O 

lb. 

3 2 

f. in. 

9 s 

Cw. qr. tb. 

5600 


9 2 

£ 

K» 

s-t 

00 

24 

9 8 

48 O O 

24 

84 

37 0 0 

18 

9 0 

36 O O 

18 

7 6 

27 3 0 

12 

7 8 

24 O O 

12 

6 7 

1820 

9 

7 0 

1800 

9 

6 0 

>3 3 0 

6 

6 1 

12 0 0 

6 

5 3 

910 

4 

7 4 

8 0 0 


GASSENDI (Peter), one of the moft. celebrated 
philofophers France has produced, was born at Clian- 
terfier, about 3 miles from Dtgnc in Provence, in the. 
year 1592. When a child, he took great • delight in 
gazing at the moon and bars whenever they appeared. 
This plcafurc often drew him into bye-places, that he 
might feaft his eyes freely and imdiilurbed; by which 
means his parents had him often to feek, not without 
many anxious fears and apprehenfions. J nconlequeuee of 
this promiling difpofit ion, he was fent to the belt fchuols, 
to cultivate it witli the inftru&ions of the lirib mailers. 
He profited fo well of thefe aids, that he was invited to 
be profeflbr of rhetoric at Digue, before he was quite 
1 U years of cge. After filling this office three years, 
upon the death of his mailer at Aix, he was appointed 
to fucceed Uni as profeflbr of philofophy. After a few 
vears lendence here, he compofed his Paradoxical Ex. 
cre’tatior.s; which coming to the hands of Nicholas 
JYirefc, that great patron of learning joined with Jofej-h 
Walter, ptior of Valette, in promoting liitn ; and, hav¬ 
ing entered into holy orders, he was lit ft made canon 
of the church ef Digne and debtor of divinity, and then 
warden or red!or of the fame church. 

Gafiendi’s fondnefs for aftronomy grew up with his 
years; and his reputation daily increasing, he was ap, 
pointed the king’s profeflbr of mathematics at Paris in 
i/v-15. This inftitution being chiefly intended for af- 
tronomy, our author read lcdtnres on that fcience to 
a crowded audier.ee. However, he did not long enjoy 
this fituation ; for a dangerous cough and inflamma¬ 
tion i f the lungs obliged him, m 1647, to return to 
Digne for the benefit of bis native air. Having thus, 
and by the interim Hion of his Undies, recovered his 
health, he again returned to Paris in 1653.} where, 
after liril writing and publifhing the lives of Tycho 
Brahe, Copernicus, Purbach, and Regiomontanus, in 
1654 be again renewed his aflronomieal labours, with 
the dtftgn of completing the fyllctn of the heavens. 
*• 7 


But while he was thu* employed, too intenfely for the 
feeble ftate of his health, he relap fed into hi* former 
diforder, under which, with the aid of too copious and 
numerous bleedings, by order of three phyucians, he 
funk in the year 1655, at 63 years of age. 

Gaflendi wrote againft the metaphyfical meditations 
of Des Cartes; and divided with that great man the 
philofophers of his time, almoft all of whom were 
cither Cartefians or Gaffendifls. To his knowledge 
in philofophy and mathematics, he joined profound eru¬ 
dition aud deep flu’ll in the languages. He wrote, 
1. Three volumes on Epicurus’s philofophy; and fix 
others, which contain his own philofophy.—2. Aftro- 
nomical Works.—3. The lives of Nicholas de Pcirefc, 
Epicurus, Copernicus, Tycho Brahe, Purbach, and 

Regiomontanus_4. Epiftles, and other treatifes. AIL 

Us works were colledled together, and printed at Lyons 
in 1658, in 6 volumes folio. 

Gaflendi was the firll perfon that faw the tranfit of 
Merctn-y over the fun, viz, Nov. 7, 1631 ; as Horrox 
firft predicted and fhewed the tranfit of Venus.——His 
library was large and valuable : to which he added an 
agronomical and philofophieal apparatus, which, for 
their accuracy aud magnitude, were purchafcd by the 
emperor Ferdinand the 3d.—It appears by his letters, 
printed in the 6th volume of his works, that he was 
often eonfulted by the rnoft celebrated aitronomers of 
his time, as Kepler, Longomontanus, Snell, Hcvelius, 
Galileo, Kircher, Bulliald, and others : and he has ge¬ 
nerally been elteemed one of the founders of the reform¬ 
ed philofophy, in oppofition to the groundlcfs hypothe- 
fes and empty fubtk'ties of Ariftotlc ami the fchoolmcn. 

GAUG ii-JJnr, a line on the common Gauging 
rod, ufed f,»r the purpofe of gauging liquids. Sec 
GAUGING -Rod. 

CiAVGV.-Poini, of a folkl meafute, is the diameter of 
a circle, whofe area is exprefled by the fame number 
as the folfd content of that meafure. Or it is the dia¬ 
meter of a cylinder, whofe altitude is 1, and its content 
the fame as of that meafure. 

Thus, the folid content of a wine gallon being 23 r 
cubic inches; if a circle be conceived to contain fo 
many fquare inches, its diameter will be iyjy ; which 
is therefore the Gauge-point for wine meafure. And 
an ale gallon containing 282 cubic inches ; by the fame 
rule, the Gauge-point for ale meafure will be found to 
be 18*95. And after the fame manner may the 
Gauge-point for any other meafure be determined. 

Hence it follows, that when the diameter of a cy¬ 
linder in inches is equal to the Gauge-point in any 
meafure, given likewife in inches, every inch in its length 
will contain an integer of the fame meafure. So in a 
cylinder whofe diameter is 17'15 inches, ever)’ inch in 
height contains one entire gallon in wine meafure ; and 
in another, whofe diameter is 18*95, every inch in 
length contains one ale gallon. 

GAUGER, an officer appointed by the commiflion. 
its of excife, to Gamp . meafure, or examine, all cafks, 
tuns, pipes, barrel.-, liogflicads, of beer, wine, oil, &c. 

GAUGING, the art or aCt of rneafuring the capaci¬ 
ties or contents of all kinds of vcflcls, and determining 
the quantity of fluids, or other matters contained in 
them. Thefe are principally pipes, tuns, barrels, rund- 
lets, and other calks; alfo backs, coolers, vats, &c. 

A, 
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As to the folid contents of all prifmattcal vefTels, as 
cubes, parallelopipedons, cylinders, &c,thcy are found 
by multiplying the area of the bafe by their altitude. 
And the contents of all pyramidal bodies, and cones, are 
equal to 1 -3d of the fame. 

In Gauging, it has been ufual to divide calks into 
four varieties or forms, flenomioated as follows, from 
the fuppofed refemblancc they bear to the frullums of 
Jolids of the fame names : viz, 


1. The middle fruilum of a fpheronl, 

2. The middle fruilum of a parabolic fpindle, 

3. The two equal frullums of a paraboloid, 

4. The tw'o equal frullums of a cone. 

And particular rules, adapted to each of thefe forms, 
may be found in moll books of Gauging, and in my 
Menfuration, p. 575 &c. But as the form is imaginary, 
and only gueffed at, it hardly ever happens that a 
true folution is brought out in this way; befide which, 
it is very troublefome and inconvenient to have fo 
many rules to put in pradlice. I fhall therefore give 
here one rule only, from p. 592 of that book, which 
is not only general for all cafks that are commonly met 
with, but quite cafy, and very accurate, as having been 
often verified and proved by filling the calks with a 
true gallon meafurc. 

General Rule. Add into one film, 

39 times the fquare of the bung diameter, 

25 times the fquare of the head diameter, and 

26 times the produdt of thofe diameters; 

multiply the fum by the length of the calk, and the 
product by the number *00034 ; then this lull produft 
.divided by 9 will give the wine gallons, and divided by 
11 will give the ale gallons. 

Or, jqB* 4 - 25H 1 + 26BJJ x ——- is the content 

1 14 - 

in inches’, which being divided by 231 for wine gal¬ 
lons, or by 282 for ale gallons, will be the content. 

For Ex. If the length of a calk be 40 inches, the 
bung diameter 32, and the head diameter 24. 

Here - 32* X 39 = 39936 

and 

and 


- 24 1 x 25 = 14400 

- 32x24x26 = 19968 


the fum - 74304 

multiplied by - 40 


and divid. by 114)2972160 
gives - 26071 cubic inches; 

this divided by 231 gives 112 wine gallons, 

•r divided by 282 gives 92 ale gallons. 

But the common practice of Gauging is performed 
mechanically, by means of the Gauging or JDiagonal 
Rod, or the Gauging Sliding Rule, the defeription 
and ufe of which here follow. 

Gauging, or Diagonal, Rod, is a rod or rule adapted 
for determining the contents of calks, by meafuring the 
diagonal only, viz the diagonal from the hung to the 
.extremity of jhe oppofite nave next the head. It is a 
fquate rule, having 4 fidcs or faces, being ufually 4 feet 
long, and folding together by means of joints. 

Upon one face of the rule is a fcale of inches, for 
taking the meafurc of the diagonal ; to thefe are 
.adapted the areas, in ale gallons, of circles to the cor- 
■refponding diameters, like the lines on Lhc under fidcs 


of the three Hides in the Hiding rule, deferibed below. 
And upon the oppofite face are two fcalcs, of ale and 
wine gallons, expreffing the contents of calks having 
the correfponding diagonals; and thefe arc the lines 
which chiefly conflitute the difference between this in- 
flrument and the Hiding rule; for all the other lines 
upon it arc the fame with thofe in that inftrument, and 
are to be ufed in the fame manner. 

To ufe the Diagonal Rod. Unfold the rod llraight 
out, and put it in at the bung hole of the calk to be 
gauged, till its end arrive at the interfcdlion of the head 
and oppofite Have, or to the farthell pullible dillance 
from the bung-hole, and note the inches and parts cut 
by the middle of the bung; then draw out the rod, 
and look for the fame inches and parts on the oppofite 
face of it, and annexed to them are found the contents 
of the calk, both in ale and wine gallons. 

For Ex. Let it lie required to find, by this rod, 
the content of a calk whofe diagonal meafures 34*4 
inches ; which anfwers to the calls in the foregoing ex¬ 
ample, whofe head and bung diameters arc 32 and 24, 
and length 40 inches ; for it to the fquare of 20, half 
the length, be added the fquare of 28, half the fum 
of the diameters, the fquare root of the fum will be 
34*4 nearly. 

Now, to this diagonal 34*4, corrcfponds, upon the 
rule, the content 91 ale gallons, or 11 > wine gallons ; 
which are but 1 Id’s than the content brought out by 
the former general rule above given. 

Gauging Rule, or Sliding Rule, is a Hiding rule 
particularly adapted to 1 lie purpofes of Gauging. It 
is a fquare rule, of four faces or (ides, three of which 
are furnilhed with Hilling pieces running in grooves. 
The lines upon them aic mollly logarithmic ones, or 
diitanccs which arc proportional to the logarithms of 
the numbers placed at the ends of them ; which kind 
of lines was placed upon rulers, by Mr. Edmund Gun¬ 
ter, for expeditioufly performing arillimetic.il opera¬ 
tions, ufing a pair of compaflVs for taking oil' and ap¬ 
plying the .feveral logarithmic ililiancts : but im’lcad 
of the compafles, Hiding pieces were added, by Mr. 
Thomas Everard, as more certain and convenient in 
practice, from whom this Hiding rule is often called 
Everard’s Rule. For tlie more particular defeription 
and ufes of this rule, fee :ny Meufi,ration, p. 564, 2d 
edition. 

The writers on Gauging are, Beyer, Kepler, Dcchalcs, 
Hunt, Everard, Dougherty, ShcStlewortli, Shirtcliffe, 
Lcadbctter, See. 

GAZONS, in Fortification, turfs, or pieces of frefh 
earth covered with grafs, cut in form of a wedge, 
about a foot long, and half a foot thick, to line or face 
the outfide of works made of earth, to keep them up, 
and prc' ent their mouldering. 

GELK 1 BRAND (Henry), profeflbr ofallronomy 
at Grefham-college, was bom in London thexyth of Nov. 
1597. He was fent to Trinity-college, Oxford, in 1615, 
and took his degree in arts 1619. He then entered into 
orders, and became curate of Chiddingfione in Kent. 
Afterwards, taking a great fancy to mathematics, by 
happening to hear one of Sir Henry Savillc’s ledturcs 
in that faience, he immediately fet himfclf to the clofe 
ftudy of that noble fcieuce, and relinquilhed his fair 
profpedts in the church. Contenting hixnfelf there- 
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lore with his private patrimony, which was how come 
into his hands by the death of his father, the fame year 
he entered again a ftudent at Oxford, making mathe¬ 
matics his foie employment. He made fuch proficiency 
in this feiencc before he proceeded A. M., which was 
in 162^, that be drew the attention and intimate 
friendship of Mr. Henry Briggs, then lately removed 
from the geometry profefforffiip in Greiham-college to 
that of Savilian profeflbr of geometry at Oxford, by 
•the founder Sir Henry Savilc, and who, upon the 
death of Mr. Gunter, procured for our author the pro- 
fcfforfttip of aftronomy in Greff, am-college, to which 
he was elected in the beginning of the year 1627. 
His friend Mr. Briggs dying in 1630, before he had 
iiniihtd the introduction to his Trigotn imctria Britan- 
nica, he recominended the completing and publiihing 
of that work to our author. Gellibrand accordingly 
added a preface, and the application of the logarithms 
to plane and fphericsd trigonometry, &e, and the whole 
was printed at Gouda, under the care of Adrian Viacq, 
•in 1633. 

While Mr. Otllibrand was preparing that work, he 
was brought into trouble in the liigh-cunuuiffion couit, 
by Dr. Laud, then biihop of London, on account of 
an almanac, published by William Beale, fervantto Mr. 
Gcllibntiid, for the year 1631, with the approbation 
uf his mailer. In this almanac, the popiih faints, then 
ufiully put into calendars, were omitted, and the names 
of otlnr faints and martyrs, mentioned in the Book of 
Martyrs, were placed in their Head, as they Hand in 
Fox’s calendars. This it feems gave offence to the 
bifltop, and occaiioned the profecution. But when the 
caufe came to be heard, it appeared that other alma¬ 
nacs of the fame kind had formeily been printed ; upon 
which, both mailer and man were acquitted by Ahp. 
Abbot and the whole court. Laud only excepted ; 
which was afterward made one of the articles again ft. 
him on his own trial. 

It feems Gcltibrand was Itrongly attached to the old 
Ptolomaic fyftcin. For when lie went over to Holland, 
about the printing of Briggs’s hook abovenientioned, he 
had fomc difeourfe with Laniberg, an eminent brother 
aftronomer in Zealand, who affirming that he was fully 
perfuaded of the truth of the Copernican fyllem ; our 
author obferves, “ that this fo ftylcd a truth liclhould 
44 receive as an hypothclis; and fo be ealily led on to 
44 the confideration of the imbecility of man’s appre- 
« heniion, as not able rightly to conceive of this ad- 
4 ‘ mirable opifiec of God, or frame of the world, with- 
44 out falling foul of fo great an abfurdity:” fo firmly 
was he fixed in his adherence to the Ptolomaic fyllem. 
Gellibrand wrote l’everal things after this, chiefly tend¬ 
ing to the improvement of navigation, which would 
probably have been further advanced by him, had his 
life been continued longer; but he was untimely car¬ 
ried off by a fever, in 1636, at 39 years of age. 

The charafter of Mr. Gellibrand is that of a plain, 
plodding, induitrious, well-intentioned man, with little 
invention or genius. His writings are chiefly as be- 


low : 

1. Trigonometria Britannica ; or the Doftritie of 
Ti Jangles, being the ad part of Briggs’s v*otk above- 
mentioned. 

2. A fmall Traft concerning the longitude. 

• Vo v. I. 


3. A Difeourfe on the Variation of t$e Magnetic 
Needle ; annexed to Wright’s Errors in Navigation de¬ 
left ed. 

4. Injlitutian Trigonometrical, with its application to 
aftronomy and navigation ; 8vo, 1635. 

5. Epitome of Navigation, with the neceffary tables t 
8 vo. 

6. Several manuferipts never publifhed ; »3, The 
Doftri .ic of Kclipfoi.—A Trcatile of Lunar A ft i ono* 
my.—A Ticatife of Ship-building, See. 

GEMINI, a conftcllaiion of the northern licmi • 
fphere, one of the 48 old conllellali-ms, and the 3d in 
order of the zodiacal figns, Aries, Taurus, G mini, 
&c. This conftcllaiion conlifis of two children, twins, 
called Call or and Pollux, and denoted by the msik, 
n, being a 1 tide drawing of the fame. 

This conftcliation was, more aueicn'ly, depicted by 
a couple of young kids, by the Egyptians and eallern 
nations, as denoting that part of the fpring when thefr 
animals appear; but the Greeks altered them, to two 
children, which fomc of them make to he Caftor and 
Pollux, fome of them again Hercules and Apollo, an 1 
others Tiiptolcmus and Jafioti; but the Arabians af¬ 
terwards changed the figures into two peacocks, their 
religion not allowing them to paint or draw any hu¬ 
man figure. Sir Ifaac Newton thinks the figures had 
fome reference to the Argonautic expedition. 

The ancients attributed to every figo of the zodiac 
one of the principal deities for its tutelary power. 
Phoebus had the care of Gemini, and lienee all the jar¬ 
gon of atlrolagers about the agreement of the fun and 
this conilellation. 

The ftar* in the fign Gemini arc, in Ptolomy’s ca¬ 
talogue 25, in Tycho’s 25, in Hevelius’6 38, and in the 
Britannic catalogue 85. 

GENERATED, is ufed by fome mathematical 
writers for whatever is produced by arithmetical opera¬ 
tion, or in geometry by the motion of other magnitudes. 
Thus 20 is the produft Generated of 4 and 5 ; ab that 
of a and b, 4, 8, 16, &c, the powers generated of or 
from the root 2, and a % , a 1 , a*, &c, thofe from the root 
a. So alfo, a circle is Generated by the revolution of 
a line about one of its extremities, a cone by the ro¬ 
tation of a right-angled triangle about its perpendicu¬ 
lar, a cylinder by the rotation of a rectangle about one 
of its tides, or, otlierwife, by the motion of a circle in 
the direction of a right line, and keeping always pa¬ 
rallel to itfelf. 

GENERATING Jane or figure, in Geometry, is 
that which, by any kind of fuppofed motion, may ge¬ 
nerate, or produce, any other figure, plane, or Jblid. 

Thus a line, according to Euclid, generates a circle { 
or a right-angled triangle, a cone ; &c ; and thus alfo 
Archimedes fuppofes his fpirals to be generated by the 
motions of Generating point* and lines; the figure 
thus generated, is called the Generate!. 

It is a general theorem in geometry, that the meafure 
of any generant, or figure produced by any kind of 
motion of any other figure, or Generating quantity, 
is equal to the produft of this Generating quantity 
drawn into the length of the path deferibed by its cen¬ 
tre of gravity, whatever the kind of motion may be, 
whether rotatorv, or direft. Sec. 
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In the modern analysis, or fluxion's, nil forts of quan¬ 
tities are confidcred as Generated by fome inch mo¬ 
tion, and the quantity hereby generated is called a 
Fluent. 

GENERATION, m Mathematics, is ufed for the 
formation or production of any geometrical figuu-, or 
other quantities. Such as of the figures mentioned in 
the foregoing articles, or the deaeration of equations, 
curves, lolids, Ac. 

GENESIS, in Geometry, means much tlv fame as 
Generation mentioned above, being the formation of a 
line, furfacc, or ft .lid, by th: motion or flux of a point, 
line, or furf.ice ; at of a globe by the rot alien of a 
fcmi-circle about its dinnu i<Ac. 

in the Gtnefis of figure-,, the !!••? or furfacc which 
moves, is called the J'e,?r,'en.‘; aud tin line imiinl 
■which, .or according to wine! , the revolution or otiier 
motion is made, the Dir’; rut. 

GENETIII.I ACT, in A Ib.-dogy, arc pcrfinis who 
erett horofeopes, or pretend to foretell vhat fhaM befall 
a perfon, by means of the flars which prelided at Iris 
nativity. 

T t hc ancients called them Chalda-i, and hv the ge. 
neral name Mathematici: accordingly, the feveral civil 
and canon laws, which we lind made agaiuil the ma- 
tlicmaticiai.s, only refpedt the Geiiethliaci, or atlrolo- 
g< ,s. 

'11:ey were expelled Rome, by a formal decree of 
the fenate ; and yet found fo much protection from 
the credulity of the people, that they remained in the 
city unmolciled. 

Antipater and Archinapohis have fltewn that Gc- 
nethliology lliould tatherhe founded on the time of the 
conception than on that of the birth. 

GEOCENTRIC, is fa id of a planet or its orbit, 
to denote its having the earth for its centre. The 
moon alone is properly geocentric. And yet the- mo¬ 
tions of all the planets may he coufidcrcd in refpect of 
the earth, or as they appear from the e arth, and thence 
called their Geocentric motions.—Hmcealfo the terms 
Geocentric place, or latitude, or longitude, Ac, as 
explained below. 

Geocentric Place, of a planet, L the place 
where it appears to us, from the caith ; or it is a point 
iu the ecliptic, to which a planet, fee a from the earth, 
is referred. 

Geocentric J.athude, of a planet, is it.-, latitude as 
feen from the earth; or the inclination of a line, con¬ 
necting the planet and the earth, to the plane of the 
earth’s (or true) ecliptic. Or it is the angle which the 
laid line (connecting the planet and the earth) makes 
with aline drawn to meet a perpendicular let fall from 
the' planet ro the plane of the ecliptic. 

Geocentric Lon^ifndf, of a planet, is the diitanee 
meaiured on the ecliptic, in the order of tin- fig ns, 
between the Geocentric place and the firtb point of 
Aries. 

GEOPESIA, is propeily that part of practical 
geometry that teaches how to divide or lay out lands 
and fields, among feveral owners. 

Geodesia i» alfo applied, by feme writers, to all 
inenfurements iu the field, and as fynonvmous with 
Purveying. 

Geodlsia is defined by Vitalis, as the art of mea* 


Turing furfaces and folids, not by imaginary lines, as i* 
done in geometry, but by feuiible and vifible things ; 
or by the fun’s rays, &c. 

GEOGRAPHER, a perfon /killed in Geography. 
GEOGRAPHICAL, fomething relating Jo Geo¬ 
graphy, as 

Geographical Mile., which is the fea-mile or 
minute, being the 60th part of a degree of a great 
circle. 

Geographic At Table. See Map. 

GEOGRAPHY, the feienee that teaches and ex¬ 
plains the nature and properties of the earth, as toils 
figure, place, magnitude, motions, ccltilial appear¬ 
ances, Ac, with the various lines, real or imaguiai y, 
011 its furfacc. 

Geography is difliaguiflied from Cofmography, as 
a part f:\nn the whole; this latter coufidering the 
whole vilible world, bc,th heaven and earth. And 
front Topograpln and (Jhorogiaphy, it is diur.iguiihcii, 
a:i the whole from a part. 

Goluit/ confuler., Geography as either exterior or 
interior: but V innius inpre jullly divide-, it into Ge¬ 
neral and Special; or Unite rial and Particular. 

General or Univ-rfal Geography, is that which 
confident the earlii in general, without any regard to 
particular countries, or the affections common to the 
whole globe: as its figure, magnitude, motion, land,’ 
fia, ike. 

Special or Par.'ieidar Grori .iriiv, is that whvlt 
contemplates the eonllitution of 1 he feveral particular 
regions, or countries; tluir bounds, figure, climate, 
featons, weather, inhabitants, aits, cutltuns, la; g u age, 
&.e. 

Jii[}'iry of GroftRAriiY. The fl ;.\!y and practice 
of Geography mull have eimmionred at very enrlv ages 
of the world. l’>y the accounts we have rt-tnaining, it 
feems this Lienee was in ufe among the Babylonians 
and Egyptians, from whom it palled to the Greeks firit 
of any Europeans, and fmm llu-fe fiieeellively to the 
Romans, the Arabians, and the wvftcrn nations of Eu¬ 
rope. Herodotus Jax.v ihc Greeks hilt learned the pule, 
the gnom m, and the 12 divillons of the day, fiom ihe- 
Babylonians. But Pliny and Diogcsi, s Laertius af- 
fert, that Thalisot Miletus, in the ftth eenturv before 
L'hrifl, lit !l found cut the paftage of the fun from tro¬ 
pic to tropic, and it is fa id was the author of two 
lunik-., the one on the tropic, and the other on the 
equinox ; both probably determined by means of th-- 
gnomon ; whence he was led to the liifcovery of the 
four feafous. of the year, which are determined bv the 
equinoxes and fold ices ; all which however it is likely 
he learned of the Egyptians, as well as his divtlion of 
the year into 365 days. This it is faid was invented 
by the fecond Mercury, furuamed TrifmegiHin, who, 
according to Euiebius, Jived about 50 years after the 
Exodus. Pliny exprtfsly fays that this, difeovery was made 
by obferving when the (hadow returned to its marks ; a 
clear proof that it was done by the gnomon. It is far¬ 
ther laid that Thales conitru&ed a globe, and repre- 
fentedthe laud and fea upon a table of brafs. Farther 
that Anaxi*milder, adihiple of Thales, full drew the 
figure of the earth upon a globe ; and that Hecate, 
Democritus, Eudoxus, .and others, funned Geogra¬ 
phical 
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phicat map*, and brought them into common ufe in 
Greece. 

Meton and Eu&emon obferved the fummer folflice at 
Athens, on the 27th of June 432 years before Chrifl, 
by watching narrowly the fhadow of t he gnomon, with 
the ddign of fixing the beginning of their cycle of 19 
years. 

Timorharis and Ariililhis, who began their obferva- 
tions about 295 B. C., it feems firll attempted to fix 
the latitudes and longitudes of the fixed liars, by con- 
fidering their dillanc.’s from the equator, &c. One of 
their obferva'ions gave rife to the difeovery of the pre- 
celiion of the equinoxes, which was firll icmarked by 
Hipparchus about 1 jo years after ; who alio made ule 
ot their method, for delineating the parallels of lati¬ 
tude and tile meridians, on the furface of the earth ; 
thus laying the foundation of this fciencc as it now 
appears. 

The latitudes and longitudes, thus introduced by 
Hipparchus, were not however much attended to till 
Ptolomy’s time. Strabo, Vitruvius, and Pliny, have 
ail of them entered into a minute geographical deferip- 
tion of the lilualion of places, according to thekmglh 
ol' the lhadows of the gnomon, without noticing the 
longitudes and latitudes. 

Maps at firll were little more than rude outlines, 
and topographical Dutches of different countries. The 
rarlielt on record were thole of Selodris, mentioned by 
iiuflatliius; who lays, that “ this Egyptian king, 
having traverfed great part of the earth, recoided his 
march in maps, and gave copies of them not only to 
the Egyptians, hut to the Scythians, to their great 
allonilhment.” Some have imagined with much proba¬ 
bility, that the Jews made a map of the Iloly Hand, 
when they gave the different portions to the nine tribes 
at Shiloh : for Jofhua tells us that they were fent to 
walk through the land, and that they deferih-d it in J'e- 
vrn parts in a lord ; and Jofephus relates that when 
Jofhua lent out people from the different tribes to 
meafure the land, he gave Lhem, as companions, per- 
fons well liJHed in geometry, who could not be mil- 
taken in the truth. 

The lirfl Grecian map on record, was that of Anaxi¬ 
mander, mentioned by Strabo, lib. I, p. 7, fuppofed 
to be the one referred to by Hipparchus under the de- 
fig nation of the /indent map. Herodotus minutely de- 
feribes a map made by Arillagoras tyrant of Miletus, 
which will ferve to give fume idea of the maps of thole 
times. He relates, that Arillagoras fhewed it to 
Cleomenes king of Sparta, to induce him to attack 
the king of Berlin at Sufi, in order to rellore the lo- 
nians to their ancient liberty. It was traced upon brufs 
or copper, and (veins to have been a mere ilinciary, 
containing the route through the intermediate countries 
which were to he traverfed in that march, with the ri¬ 
vers Halys, the Euphrates, and Tigris, which Hero¬ 
dotus mentions as ncceffary to be eroflid in that expe¬ 
dition. It contained one il might line called the Royal 
Roarl or Highway, which took in all the Rations or 
places of encampment from Sardis to Sufa ; being 111 
in the whole journey, and containing 14,500 iladia, or 
j 6S7 {, Roman miles of 5000 feet each. 

Thefe itinerary maps of the places of encampment 
were iudifpenl'ubly ncceffary in all armies and marches} 


and indeed war and navigation- feem to be the two 
grand caufes of the improvements both in Geography 
and aflronomy. Athemcus quot :s Barton as author of 
a work intilled, ‘Jhr. encampments of Alexander’s march } 
and likewife Amyntas to the fame purpofe. Pliny oh- 
ferves that Diognetus and Barton were the furveyors 
of Alexander’s marches, and then quotes the ex a A num¬ 
ber of miles according to tluir menfuration t which 
he afterwards confirms by thelctti i s of Alexander him- 
felf. The fame author alfo remark.; that a copy .of this 
great monarch’s furvoys was given by Xenoeles his 
treafurer to Patroclcs the geographer, who was admiral 
ot the Herts of Sehnicus and Aulioehus. His hook on 
geography i.-. often quoted both by Strabo and Pliny; 
and it feenv; that this author furiiilh>‘d Kratofl hones with 
the jirintip.il materials for contlrudling his map of the 
oriental part of the world. 

Kratofthencs lirfl attempted to reduce Geography to 
a regular fyftem, and introduced a regular parallel of 
latitude, which began at the firaiuof Gibraltar, paffed 
eallwards through the ifle of Rhodes, and fo pu to 
the tnouiitaiiis of India, noting all the intermediate 
places through which it palled. T11 drawing this line, 
he was not regulated by the fame latitude, but bv ob- 
fi'iving where the longed day was-14 hours and a half, 
which Hipparchus afterwards determined was the lati¬ 
tude of 4ft degrees. 

This I11II parallel through Rhodes war. ever after con- 
fidered with a degree of preference, in conflru&ing all 
the ancient maps; and the longitude of the then known 
world was often attempted to be meafured in iladia and 
miles, according to the extent of that line, by many 
fucoeeding gt ographers. 

Eratoflhenes loon after attempted not only to draw 
other parallels of latitude, but alfo to trace a meridian 
at right angles to thefe, palling through Rhodes and 
Alexandria, down to Sycne and Meroc ; and at length 
he undertook the arduous taik of determining the cir¬ 
cumference of the globe, by an actual meafurement 
of a fegmrnt of one of its great circles. To find the 
magnitude of the earth, is indeed a problem which ha* 
engaged tlu: attention of allronomers and geographers 
ever linee the frrherical figure of it was known. It 
feetns Anaximander was the firll among the Greek* 
who wrote upon this lubjcvl. Arehvtas ofTarentum, 
a Pythagorean, famous for his fkill in mathematics. and 
mechanics, alio made I'omc attempts in this way ; and 
Dr. Tong conjectures that thefe are the authors of the 
moil aueieiit opinion that the circumference of the earth 
is400,000.Dadi.i : and Archimedes makes mention of 
the aneien s who cltimaieu the ciieumfcixuce of the 
earth at only qo.cv.a iladia. 

As to the methods of nie.ifuring the oh cum Terence 
of the earth, it would I’eem, from what Ariilolle fay* 
in his trcat.’fc I)r Ccelo, that they were much the fame 
as tliofe ufed hv the moderns, deficient only in the accu¬ 
racy of the mllri.meats. That philofophcr there favs, 
that diflereiit ftars pms through our zenith, according 
as our tituation is more or lefs northerly ; and that in 
the fouthern parts of tin* earth liars conic above otirho¬ 
rizon, which are no longer vilible if we go northward. 
Hence it appears that there are two ways of ineafuring 
the circumference of the earth ; one by oldening fiar* 
which pafs through the zenith .of one place, and da 
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net pafg through that of -another; the other, by ob- 
ferving fome ftars which come above the horizon of 
one place, and are obferved at the fame time to be in 
the horizon of another. The former of thefc me¬ 
thods, which is the beft, was followed by Eratof- 
thcncs at Alexandria in Egypt, 250 years before 
Cliriit. He knew that at the fummer foliticc, the 
fun was vertical to the inhabitants of Syene, a town 
on the confines of Ethiopia, under the tropic of can¬ 
cer, where they had a weil made to obferve it, at the 
bottom of which the rays of the fun fell perpendicularly 
the day of the lummer ibid ice: he obferved by the Iha- 
dow of a wite fet perpendicularly in an hemifpherical ba¬ 
ton, how far the fun was on that day at noon diftant 
from the zenith of Alexandria; when he found that 
diitance was equal to the 50th part of a great circle in 
the heavens. Then fuppofing Syene and Alexandria 
under the lame meridian, he inferred that the dillance 
between them was the 50th part of a great circle upon 
the earth ; and this dillance being by meafurc 5000 
Hatha, he concluded that the whole circumference of 
the earth was 250,000 ftadia. But as this number 
divided by 360 would give 694$ ftadia to a degree, ci¬ 
ther Eratofthencs liimfclf or fome of his followers al- 
figned the round number 700 ftadia to a degree; which 
multiplied by 360, makes the circumference of the 
earth 252,000 ftadia 5 whence both thefc meafurea 
are given by different authors, as that of Eratofthencs. 

In the time of Pompey the Great, Pofidonius de¬ 
termined the meafurc of the circumference of the earth 
by the 2d method above hinted by Ariftotle, viz, the 
horizontal oUfcrvalions. Knowing that the ftar called 
Canopus was but jull vifiblc in the horizon of Rhodes, 
and at Alexandria finding its meridian height was the 
48 th part of a great circle in the heavens, or 7* deg., 
anfwciingto the like quantity of a circle 011 the earth : 
Then, luppofing thei'e two places under the fame meri¬ 
dian, arid thediftance between them 5000 ftadia, the 
circumference of the earth will be 240,000 ftadia ; 
which is the firft mcafureof Pofidonius. But accord¬ 
ing to Strabo, Pofidonius made the meafurc of the 
earth to be 180,000 itadia, at the rate of 500 ftadia 
to a degree. The reafon of this difference is thought 
to be, that Eratofthencs meafured the dillance between 
Rhodes and Alexandria, and found it only 3750 fta¬ 
dia : • taking this for a 48th part of the earth's circum¬ 
ference, which is the meafurc of Pofidonius, the 
whole circumference will be 180,000 ftadia. This mea¬ 
sure was received by Marinus of Tyre, and is ufually 
aferihed to Ptolomy. But this mcafurement is fubjetl 
to great uncertainty, both on account of the great re¬ 
fraction of the liars near the horizon, the difficulty of 
meafuring the dillance at fea between Rhodes and Alex¬ 
andria, and by luppofing thofe places under the fame 
meridian, when they are really very different. 

Several geographers afterwards made ufe of the dif¬ 
ferent heights of the pole in diftant places under the 
lame meridian, to find the dimenfions of the earth. 
About the year 800, the khalif Alinamun had the dis¬ 
tance meafured between two places that were 2 degrees 
afundcr, and under the fame meridian in the plains of 
Sinjar near the Red Sea. And the refult was, that the 
degree at one time was found equal to 56 miles, and at. 
another 565 or 56 i mdet. 


The next attempt to find out the circumference of 
the earth, was in 1525, by Fernelius, a learned philo- 
fopher of France. For this pnrpofe, he took the height 
of the pole at Paris, going from thence diieftly north¬ 
wards, till he came to tb« place where the height of 
the pole was one degree more than at that city. The 
length of the way was meafured by the number of revo¬ 
lutions made by one of the wheels of his carriage; and 
after proper allowances for the declivities and turning* 
of the road, he concluded that 68 Italian miles were 
equal to a degree on the earth. 

According to thefc methods many other rrreafurementl 
of the earth’s circumference have fince that time been 
made, with much greater accuracy : a particular ac¬ 
count of which is given under the article Degree. 

Though the maps of Eiatofthencs were the heft of 
his time, they were yet very imperfcdl and inaccurate. 
They contained little more than the ftates of Greece, 
and the dominions of the fucceffors of Alexander, di- 
efted according to the furveys abovement ior.cd. He 
ad indeed feen, and has quoted, the voyages of Py¬ 
thias into the great Atlantic ocean, which gave him 
fome faint idea of the weltern parts of Europe ; but 
fo imperfect, that they could not be realized into the 
outlines of a chart. Strabo fays lit- was very ignorant 
of Gaul, Spain, Germany, and Britain ; and ne was 
equally ignorant of Italy, the coafls of the Adriatic, 
Pontus, and all the countries towards the north. 

Such was the ftate of Geography, and the nature of 
the maps, before the time of Hipparchus. He made 
a clofer connection be 1 ween Geography and aftronomyy 
by determining tiie latitudes and longitudes from celcf- 
tial obfervations. 

War has ufually been the occafion of making or im¬ 
proving the maps of countries ; and accordingly Gco- 

S aphy made great advances from the progrefs of the 
oman arms. I11 ail the provinces occupied by that 
people, camps were every where conftruftcd at proper 
intervals, and good roads made for communication be¬ 
tween them ; and thus civilization and furveying were 
carried 011 according to fyllem, through the whole ex¬ 
tent of that large empire. Every new war produced a 
new furvey and itinerary of tile countries where the 
feenes of adiion puffed; fo that the materials of Geo- 

K tphy were accumulated by every' additional conqueft. 

lybius fays, that at the beginning of the fccond Pu¬ 
nic war, when Hannibal was preparing his expedition 
againft Rome, the countries through which he was to pafil 
were carefully meafured by the Romans. And Julius Cat- 
far caufcd a general furvey of the Roman Empire to be 
made, by a decree of the fenatc. Three furveyors had 
this talk afligned them, which they completed in 25 
years. The Roman itineraries that are Hill extant, al¬ 
io Ihew what care and pains they had been at in makings 
furveys in all the different provinces of their empire ). 
and Pliny has filled the 3d, 4th, and 5th books of his 
Natural Hiilory with the Geographical diftanccs that 
were thus meafured. Other maps are alfo ftill pre¬ 
ferred, known by the name of the Pcntingcrian Ta¬ 
bles, published by Welfer and Bertius, which give a 

r d fpecimcn of what Vegetius calls the Itinera Pitta* 
the better dircdlion of tfieir armies in their march. 
The Roman empire had been enlarged to its greateft. 
extent,, and all .its provinces well known and furveyed, 

when • 
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when Ftolomy, about ijo years after Cbrift, com- 
ofedhis fyflem of Geography. The chief materials 
e employed in compofing this work, were the propor- 
tions of the gnomon to its {hadow, taken by different 
aftronomcrs at the times of the equinoxes and folfticcs; 
calculations founded on the length of the longeft days; 
tlie meafured or computed (finances of the principal 
roads contained in their furveys and itineraries} and the 
various reports of travellers and navigators. All thefc 
were compared together, and digeftea into one uniform 
body or fyftcm ; and afterwards were tranflated by him 
into a new mathematical language, expreffing tne dif¬ 
ferent degrees of latitude and longitude, after the in¬ 
vention of Hipparchus, which had been neglcdted for 
250 years. 

Ptolomy’s fyflem of Geography, notwithftanding it 
was ftill very imperfect, continued in vogue till the lafl 
three or four centuries, within which time the great 
improvements in aitronomy, the many difeoveries of 
new countries by voyagers, and the progrefs of war 
and arms, have contributed to bring it to a very conli- 
dernhle degree of perfection ; the particulars of which 
will be found treated under their refpedtive article* in 
this work. 

Among the moderns, the chief authors onthefub- 
jeft of Geography are Johannes de Sacrobofco, or 
John Ilallifax, who wrote a treatife on the fphere ; Se- 
bailian Mueller, in his Cofmographia Univerfalis, in 
1559; Clavius, on the fphere of Sacrobofco; Picci- 
oli’s Geographia ct Hydrographia Reformats ; Wei- 
gelius's .Speculum Teme ; I)e Chalcs’s Geography, in 
his Mundus Mathcmaticus ; Cellarius’s Geography ; 
Cluvcrius’s lntrodudio in Univcrfam Geographiam ; 
Leibneclit’s Klcmeuta Geographic generalis; Stevc- 
nitis’s Compendium Geographicum ; Wollius’s Geo¬ 
graphia, in his Elementa Matlicfeos; Bufehing’s New 
Syltcm of Geography ; Gordon’s, Salmon’s, and Gu¬ 
thrie’s Grammars; and above all, Varenius’s Geogra¬ 
phia generalis. with jurin’s additions, the moil feienti- 
iic and l’y Uematical of any. 

GEOMETER, more properly Geometrician ; 
which lee. 

GEOMETRICAL, fomething that has a relation 
to Geometry, or done after the manner, or by the 
means of Geometry. As, a Geometrical conftru&ion, 
a Geometrical curve, a Geometrical demonllration, 
genius, line, method, Geometrical ftri&nefs, &c. 

Geomltrical Coujlrutlian, .of an equation, is the 
drawing of lines and figures, fo as to exprefs by them 
the fame genet al property and relation, as are denoted 
by the algebraical equation. Sec Construction of 
Equations. 

Geometrical Curve or Line, called alfo an Alge¬ 
braical one, is that in which the relations between the 
ahfcilfcs and ordinates may be exprefled by a finite al¬ 
gebraical equation. See Algebraical Curves. 

Geometrical Lines, as obferved by Newton, are 
difliuguillicd into clafies, orders, or genera, according 
to the number of the dimenfions of the equation that 
exprelfcs the relation between the ordinates and ab- 
fcilfes ; or, which comes to the fame thing, according 
to the number of points in which they may be cut by 
g right line. 

Thus, a line of the Aril order, is a right line, ftnee it 


can be only once cat by another right line, and is ex- 
prefled by the Ample equation y + ei.x + l = o : thofe 
of the 2d, or quadratic order, will be the circle, and 
the conic fe&ions, fince all of thefe may- be cut in two 
point s by a r ight line, and exprefled by the equation 
y x + ax + b. y + cx* - 4 - dx + t = o : thofe of the 3d 
or cubic order, will be fuch as may be cut in 3 paints 
by a right line, whofe moll general equation is 
ys +■ ax -J- b .y 1 •\-,cx l -{• Jx e ,y +.A 3 + g* z + £* + /<■“OS 

as the cubical and Neilian parabola, the ciflbid, See. 
And a line of an infinite order, is that which a right 
line may cut in infinite points ; as the fpiral, the cy¬ 
cloid, the quadratrix, ami every line that is generated 
by the infinite revolutions of a radius, or circle, or 
wheel, &c. 

In each of thofe equations, ,v is the abfeifs, y its 
correfpoiiditig ordinate, making any given angle with 
it; and a, b, e. Sec., arc given or conttant quantities, ■ 
affedled with their figns + and —, of which one or' 
more may vanifti, be wanting or equal to nothing, pro¬ 
vided that by fuch deftdl the line or equation does not 
become one of an inferior order. 

It is to be noted that a curve of any kind is denomi¬ 
nated by a number next lefs than the line of the fame 
kind: thus, a curve of the ill order, (becaufe the - 
right line cannot be reckoned among curves) is the 
fame with a line of the 2d order ; and a curve of the 
2d kind, the fame with a line of the 3d order ; Sec. 

It is lo be obferved alfo, that it is not fo much the 
equation, as the conllruclion or defeription, that makes 
any curve, geometrical, or not. Thus, the circle is a 
geometrical line, not becaufe it may be exprefled by 
an equation, but becaufe its defeription is a pullulate ; 
and it is not the fimplicity of the equation, but the eafi- 
nefs of the defeription, that is to determine the choice 
of the lines for the conitrudtiun of a problem. The 
equation that exprefles a parabola, is more funplc than 
that which exprefles a circle; and yet the circle, by 
rcafon of its more Ample conftrufiion, is admitted be¬ 
fore it. Again, the circle and the conic feel ions, with 
rdjpetl to the dimenfions of the equations, arc of the 
fame ord;r; and yet the circle is not numbered with 
them in the conltrudlion of problems, but by reafon • 
of its Ample defeription is deprelfed to a lower order, 
viz, that of a right line; fo that it is not improper to 
exprtfs that by a circle, which may be exprefled by a 
right line; but it is a fault to conlliudl that by the 
conic fedtiuns, which may be conflruited by a circle. 

Either, therefore, the law mull be taken from the 
dimenfions of equations, as obferved in a circle, and fo 
the diltindlion be taken away between plane and folid 
problems: or the law mull be allowed cot :c> he ilrfit- 
ly obferved in lines of fuperior kinds, but that fome, by 
reafon of their more Ample dcicription, may be pre¬ 
ferred to others of the fame order, aud be numbered 
with lines of inf; 1 ior orders. 

In confirm^ ions that are equally Geometrical, the 
moll Ample arc always to be preferred: and this law is 
fo univcrfal as to be without exception. But algebrai¬ 
cal exprelAons aid nothing to the fimplicity of tiic con- 
Itrudtion; the bare deferiptions of the lines litre are ' 
only lo be confidered ; and thefc alone were confidercd 
by thofe geometrician* who joined a circle with a right 
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liLie. And thefe arecafy or Lard, the eonftruftion 
becomes caiy or hard : and therefore it is foreign to the 
nature of the thing, from any other circumilance to 
eftnblifh laws relating to conilrurtions. 

Either, therefore, with the ancients, we mnfl exclude 
all liner, be fide the circle, and perhaps the conic fieftions, 
out of geon'.etiy; or admit all, according to the fim- 
* plicity of the defeription. Jf the trochoid were ad¬ 
justed into geometry, by mean., of it we might divide 
an angle in any given ratio; would it be right there¬ 
fore to blame thofe who would make ufe oi this line to 
divide an angle in the ratio of one number to another; 
and contend, that you mull make ufe only of Inch lines 
as are defined by equations, and therefore not of this 
line, which is not fo defined ? If, when an angle is pro- 
poled to be divided, for inilancc, into iccoi parts, wc 
ihould be obliged to bring a curve defined by an equa¬ 
tion of more than too dimciiiions to do the bulinefs ; 
which nobody could dcfciibe, much let's underhand ; 
anil fhnuld piefer this to the trochoid, which is a line 
well known, and caiily deferibed by the motion of a 
wheel, or circle : who would not fee the abfurdity ? 

Either therefore the trochoid is not to be admitted at 
all in geometry ; or die, iu the conltrudtion of pro¬ 
blems, it is to be prefetred to all lines of a more difficult 
defeription; and the rcafon is the fame for other curves. 
Hence the triTc&ions of an angle by a conchoid, which 
Archimedes in his Lemmas, and Pappus in his Col¬ 
lections, have preferred to the inventions of all'others 
in this cafe, mull he allowed as good ; becaul’e we mull 
cither exclude all lines, befide the circle and right Hue, 
out of geometry, or admit them according to the fim- 
plieity of their deferiptions; in which cafe the con¬ 
choid yields to none, except the circle. Equations arc 
expreffions of arithmetical computation, and properly 
have noplace in geometry, excepting fo far as quanti¬ 
ties truly Geometrical (that is, lines, furfaces, folids, 
and proportions) may be faid to be fume equal to 
others. Multiplications, diwfions, and fueli like com¬ 
putations, are newly received into Geometry, and that 
unwarily, and contrary to the firft defigu of this fciencc. 
For whoever confiders the conftruftion of problems by 
a right, line and a circle, found out by the fine geome¬ 
tricians, will cafily perceive that geometry was intro¬ 
duced, that by drawing lines, we might ealily avoid the 
tedioufnefs of computation. For which reafou the two 
fciences ought not to be confounded together : the an¬ 
cients fo carefully diltinguifhed between them, t.liat they 
never introduced arithmetical terms into geometry ; and 
the moderns, by confounding them, have loft the fim- 
plicity in which all the elegance of geometry confills. 
Jn fiiort, that is arithmetically more fimplc, which is 
determined by the more Ample equations} but that is 
Geometrically more Ample, which is determined by the 
more Ample drawing of lines; and in geometry that 
ought to be reckoned beft, which is geometrically 
molt fimplc. Newton’s Arith. Univerf. appendix. See 
Curves. 

Geometrical Loom, or Place, called alfo Amply 
Locus, is the path or track of fome certain Geometrical 
determination, in which it always falls. See Locus. 

Geometrical Medium. See Medium. 

Geometrical Method of the Ancients. The an¬ 
cients eftablifhed the higher parts of their geometry on 


the fame principles as the elements of that fciencc, by 
demonftrations of the fame kind: and they were careful 
not to l’uppofe any thing done, till by a previous pro¬ 
blem they had (hewn that it could be done by aftually 
performing it. Much lefs did they fuppofe any thing 
to be done that cannot be conceived ; filch as a line or 
forics to lie actually continued to infinity, or a magni¬ 
tude diminifhed till it become infinitely lefs than what 
it is. The elements into which they refolved magni¬ 
tudes were finite, and fuch as might he conceived to be- 
real. Unbounded liberties have of late been introduced ; 
by which geometry, which ought to be perfectly clear, 
is filled with myiteriesl Maclaurin’s Fluxions, Introd. 
P- 39 - 

Geometrical Pace, is a mcafure of 5 feet long. 

Geometrical Plan, in Architecture. See Flam. 

Geometrical Plane. See Plane. 

Geometrical Progreffion, a progreffion in which 
the terms have ail fucecfltvely the fame ratio: as i, 2, 
4, 8 , 16, Sec, where the common ratio is 2. 

The genera! and common property of a Geometrical 
progreffion is, that the product of any two terms, or 
the fquare of any one Angle term, is equal to the pro¬ 
duct of every other two terms that are taken at an equal 
diitanee on both fides from the former. So of thclc 
terms, 

4* ifi, 32, f>4» Sec, 

l X 64 = 2 x 32 = 4 X 16 = 8 X S = 64. 

In any Geometrical Progreffion, if 
a denote the leaft term, 
as the greateft term, 
r the common ratio, 
n the number of the terms, 
s the fum of the feries, or all the terms; 
then any of thefe quantities may be found from the 
others, by means of thefe general values, or equations* 
viz, 



res 

a _ log. r -}- log. r. — log. a 


' log. r log. r 

r" — 1 c n — 1 a r-s — a 



n n 

11 — 1 n - 1 
* —a 

1 1 



Ti 1 — i n— 1 

x —a 

When the feries is infinite, then the leaf! term a is 

nothing, and the fum s — See alfo Proore s- 

r—l 

SION. 

Geometrical Proportion, called alfo fimply Propor¬ 
tion, is the fimilitude or equality of ratios. 

Thus, if a : h : : c : d, or a : h = e : d, the terms 

а, h, c, d are in Geometrical Proportion; alfo 6, 3, 
14, 7, are in Geometrical Proportion, bscaufe 

б . in 14:7,01-6:3 = 14:7. 
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To a Geometrical Proportion, the product of the ex¬ 
tremes, or lit and 4th terms, is equal to the produdt of 
the means, or the 2d and 3d terms : fo ad — be, and 
6 X 7 = 3 X T4 = 42. See Proportion. 

Geometrical Solution, of a problem, is when the 
problem is directly rtfolved according to the Uriel rules 
and principles of geometry, and by lines that are truly 
Geometrical. This exprefiion is ufed in contradiftinc- 
tion to an arithmetical, or a mechanical, or inftrumental 
folution ; the problem being rcfolved only by a ruler 
and compares. 

' The fame term is likewife ufed in oppofition to all 
indirect nnd inadequate kinds of folutions, as by ap¬ 
proximation, infinite feries, &c. So, we have no Geo¬ 
metrical way of finding the quadrature of the circle, 
the duplicaturr of the cube, or two mean proportionals; 
though there arc mechanical ways, and others, by infi¬ 
nite feries, &c. 

Pappus informs us, that the anei.--r.ts endeavoured in 
vain to trifefl an angle, and to find out two mean pro¬ 
portionals, by means of the right line and circle. Af¬ 
terwards they began to confider the properties of fevera! 
other lines; as the conchoid, the ciil’oid, and the conic 
lections ; and by fome of tlit-fe tliev endeavoured to re- 
f five fome of thofe problems. At "length, having hum: 
thoroughly examined the matter, and the conic fettions 
l.iing received into geometry, they diilinguifhcd Geo¬ 
metrical piohlnns and folutions into three kinds': viV, 

I. Plane ones, which, deriving their origin from lines 
on a plane, may he properly refolved bv a right line and 
a circle.—2. Sol'ul ones, which are ufolvcd by lines 
deriving their original from the confi-krntion of a folid; 
that is, of a com-.—-3. Linear oms, to the folution of 
wiiieh are required lines more compounded. 

According to this dillinolion, wc arc not to refolve 
fulid problem.- by other lines than the conic fedlions ; 
cfpecially it no other lines betide the right line, circle, 
and the conic feCtions, mull be received into geome- 
try. 

But the moderns, advancing much farther, have re¬ 
ceived into geometry all lines that can be expreffed by 
equations ; and have dulinguiflud, according to the 
dimcuiion.s of the equations, thofe lines into dalles or 
orders ; and have laid it down as a law, not to con- 
iirudt a problem by a line of a higher order, that may 
be contlrudeJ bv one of a lower. 

GEOMETRICIAN, a perfon billed in Geometry. 

GEOMETRY, the fcience or doctrine of local ex- 
tenfion, as of lines, turf.iccs, and lolids, with that of 
ratios, &c. 

The name Geometry literally fignitics menfuring of 
the earth, as it was the neceffiiy of mt-.ifuritig the land 
that iiril gave occafiou to «■^lntemp , ite the principles 
and rules ot this art ; which hat fince been extended lo 
numberkfs other fpeeulatious ; iutonnn-h that together 
with aritloietie, Geometry forms now the chid foun- 
Uation of all the maihein-ities. 

Herodotus (lib. 2b i'iodorus (lib 1), Slnibo (l:b. 
17), and Proclus, aiciibc the invention of Geometry 
to tlie Egyptians, and allert that the annual inunda¬ 
tions of the Nile gave occa.'ion to it ; for thofe waters 
bearing away lire bounds and L.u-ni.irks oi eftates and 
farms, covering the face 0* the ground unifoimly with 
I 


mud, the people, fay they, were obliged every year t# 
diftinguifh and lay out their lands by the confederation 
of their figure and quantity ; and thus by experience 
and habit they formed a method or art, which was the 
origin of Geometry. A farther contemplation of the 
draughts of figures of fields thus laid down, and plotted 
in proportion, might naturally lead them to the dif- 
covcry of fome of their excellent and wonderful pro¬ 
perties ; which fpcculation continually improving, the 
art continually gained ground, and made advances 
more and more towards perfection. 

Jofephus however ferms to aferibe the invention to 
the Hebrews: and others of the ancients make Mercury 
the inventor. Polyd. Virgil, de Invent. Rer. lib. 1, 
cap. 18. 

From Egypt, this fcience paffed into Greece, being 
carried thither by Thales ; where it was much culti¬ 
vated and improved by himfelf, as alfo by Pythagoras, 
Anaxagoras of Clazomene, Hippocrates of Chios, and 
Plato, who teflified lbs conviction of the necefiity and 
importance of Geometry to the fuccefsful lltidv of plii- 
lofophv, by this infciiption over the door of his acade¬ 
my, Lit no we hnnrant of Geometry enter here. Plato 
thought the wore! Geometry too rman a name for this 
fcience, and fuhilitulcd in it cad of it the more extenfive 
name of Menfurathn ; and after him others gave it the 
title of Pantnmetry . But even thefe are now become too 
fcar.ty in their import, fully to comprehend its extent ; 
for it not only inquires into, and deinonflrates tin* 
quantities of magnitudes, but alfo their qualities, as the 
fpccies, figures, ratios, pofitions, transformations, de- 
feriptions, divifions, the finding of their centres, diame¬ 
ters, tangents, alymptotes, curvature, &c. Some again 
define it as the fcience cf inquiring, inventing, and de- 
moulirating all the affections ol magnitude. And Pro* 
clus calls it the knowledge of magnitudes and figures, 
with their limitations; as alfo of their ratios, affections, 
pofitions, and motions of every kind. 

About 50 years after Plato, lived Euclid, who col¬ 
lected together all thofe theorems which had been in¬ 
vented by his predeceffors in Egypt and Greece, and 
digefled "them into 15 hooks, called the Elements of 
Geometry ; demonilniting and arranging the whole in 
a very accurate and perfect manner. The next to Eu¬ 
clid, of thofe ancient writers whole works are extant, 
is Apollonius Ptrgxus, who flourillud in the time of 
Ptolomv Eucrgetes, about 230 years before Chrifi, 
and about 1 DO years after Euclid. He was author of 
the firll and principal work on Conic Sections; on ac¬ 
count of which, and his other accurate and ingenious 
geometrical wri'ings, he acquired from his patron the 
cmphutJcal appellation ot The Grea 1 Gryinr.'rj, inn. Con¬ 
temporary with Aoolhmius, or perhaps a tew year:! be¬ 
fore him, liomilhcd ' .chimedcs, celebrated for his me¬ 
chanical inventions a * lu- fiege of Syr.-.cule, mid not 
lefi fo for his very many ingeniou- Geoi: ‘ - ; ’ ■ >n- 
]iolitions. 

We can only mention Eudoxus of ‘die 1 

of Tarcntum, Philolaus, Erntoflhciu- ;-ii 
S.tnios, Dinollratus, the inventor of :! ■; " 

Meiicclimiw, his hrotlur and tie.'difeipi - f J': 
two Arilleus’s, Conon, Thracidius, Nicnteles. i 
Theudius, Hcrmotimus, Hero, aud Nicomedct.... 

VUi-'.o; 



G JE O 


G I B 


t 536 ] 


venter of the conchoid 1 betides whom, there are many 
. other ancient geometricians, to whom this fcience has 
been indebted. 

The Greeks continued their attention to it, even af¬ 
ter they were fubdued by the Romans. Whereas the 
Romans themfclvcs were fo little acquainted with it, 
even in the moft hourifning time of their republic, that. 
Tacitus informs us they gave the name of mathemati¬ 
cians to thofc who purfued the c.h'meras of divination 
and judicial a Urology. Nor does it appear they were 
more difpofed to cuit’.atc Geometry during the decline, 
and after the fail of the Roman empire. But the cafe 
was different with the Greeks; among whom are found 
many excellent Geometricians fincc the commencement 
of the Chriftian era, and after the trunflation of the 
Roman empire. Ptdlomy lived under Marcus AuiJius; 
and wc have {till txtant the works of Pappus of Alex¬ 
andria, who lived in the time of Theodofius ; the com¬ 
mentary of Eutocius, the Afcalonite. who lived about 
the year of Chriil 540, on Archimedes’s tnrufuralion 
,nf the circle; and the commentary on Euclid, by Pro- 
1 Ins, who lived under the empire of Anaftaiius. 

The ronfequent inundation of ignorance and harba- 
rifin was unfavourable to Geometry, as well as to the 
other fcieuces ; and the few who applied thetnfelves to 
tin’s fcience, were calumniated as magicians. However, 
in thofe times of European darknefs, the Arabians were 
diftinguiflied as the guardians and promoters of fcience; 
and from the 9th to the 14th century, they produced 
many allronomers, geometricians, geographers. Sec ; 
from whom the mathematical fcieuces were again re¬ 
ceived into Spain, Italy, and the reft of Europe, fome- 
what before the year 1400. Some of the carliefl 
writers after this period, are Lconardus Pifanus, Lucas 
Paciolus or De Burgo, and others between 1400 and 
1500. And after this appeared many editions of 
Euclid, or commentaries upon him: thus, Orontius 
Fimeus, in 1530, publifhed a commentary on the firft. 
6 books ; as did James Peletarius, in *557 ; and about 
the fame time Nicholas Tartaglia publifhed a commen¬ 
tary on the whole 15 books. There have been alfo the 
editious, or commentaries, of Commandiue, Clavius, 
Biilingfly, Scheubelius, Iicrlinus, Dafypodus, Ramus, 
Herigon, Stevinus, Saville, Barrow, Taquet, Dcchales, 
Furnier, Scarborough Keill, Stone, and many others ; 
but the complete!! edition of all the works of Euclid, 
is that of Dr. Gregory, printed at Oxford 1703, in 
Greek and Latin : the edition of Euclid, by I>r. 
Robert Simfm of Glafgow, containing the tirft 6 hooks, 
with the 1 ith and 12 th, is much cite erred for its eor- 
rednefs. The principal other elementary writers, bc- 
fidts thr editors of Euclid, are Borelii, Purdies, Mar- 
chctti, Wolfius, Simplon, &c. And among thofe who 
have gone beyond Euclid in the nature of fhe Elemen¬ 
tary parts of Geometry, may be chiefly reckoned, 
Apo llonitis, in his Conics, his Loci Plaui, De Sedione 
Determinant, his Tange ucies, Inclinations, Section of a 
Ratio, Scf.fior of a Space, &c; Archimedes, in his 
treatifes of the Sphere and Cylinder, the Dimcnfion of 
the Circle, of Conoids and Spheroids, of Spirals, and 
the (Quadrature of the Parabola; Theodofius, in his 
Spherics ; Sereui.is, in his Sections of the Cone and 
Cylinder; Kepler’s Nova Stcrcametria ;■ Cavakrius’s 


Gcometria Indiviflbilium; Torricelli’s Opera Geome¬ 
tries ; Viviani, in hi3 Dirinationcs Geometricse, Exer- 
citatio Mathematica, De Locis Solidis, De Maximis 8 c 
Minimis, &c; Vieta, in his Effedio Geometrica, Sup¬ 
plement. Gcometria:, Sediones Augulares, Rcfponfum 
ad Problcraa, Apollonius Gallus, &c; Gregory St. 
Vincent’s (Quadrature Circuit; Fermat’s Vana Opera 
Mathematica ; Dr. Barrow’s Ledionea Geometricse; 
Bulliald de I.ineis-Spiralibus; Cavalerius; Schooten and 
Gregory’s Exercitationc6 Geometries:, and Gregory’s 
Pars ITniverfalis, &c ; Dc Billy’s treatife Dc Propor- 
tionc Harmonica ; I.a Lovera’s Gcometria veterum 
promota; Sluiius’s Mefolabium, Prohlemata Soli da, &c; 
Wallis, in his treatifes De Cycloide, Cifloidc, <cc ; De 
I’roportionibus, De Sedionibus Cunicis, Arithmetics 
InJinitorum, Dc Centro Giavitatis, De Seftionibus 
Anguiavibus, De Angulo Conta&us, Cuno-Cuneus, &c. 
Sec ; Hugo I)e Omerique, in his Analyfis Geometrica; 
Pafcal on the Cycloid; Step. Angeli’s Prohlemata 
Geometrica; Akx. Anderfon's Suppl. Apollonii Rc- 
divivi, Variorum Problcmatum Practice, &ej Baro¬ 
nina's Geomet. Prol>. See ; Guido Grandi Geometr. 
Demonilr. &c; Ghetaldi Apollonius Redhivus, &c; 
l.udolph van Colon or a Ceulen, de Circulo et Ad- 
feiiptis, &c ; Snell’s Apollouius Batavus, Cyelomctri- 
cus, &c; Herberftein’s Diotome Circuioruin ; Palma’s 
Exercit. in Geomctriam; Guldini Centni-Baryca; 
with feveral others equally eminent, of more modem 
date, as Dr. Rob. Siinfon, l)r. Mat. Stewart, Mr. 
Tho. Siinpfon, &c. Since the introdudion of the 
new’ Geometry, or the Geometry of Curve Lines, as 
cxprefTcd by algebraical equations, in this part of Geo¬ 
metry, the following names, among many others, are 
more elpecially to be refpeded, viz, l)cs Cartes, 
Schooten, Newton, Maclaurin, Brackenridge, Craincr, 
Cotes, Waring, &c, See. 

As to the lubject of Practical Geometry, the chief 
writers arc Beyer, Kepler, Ramus, Clavius, Mallet, 
Tacquet, Ozanain, Wolfius, Gregory, with innumer¬ 
able others. 

Geometry is diftinguiflied into Thcorelkal or Spe¬ 
culative, and Praftical. 

Theoretical or Speculative Geometry, treats of the 
various properties and relations in magnitudes, demon- 
ftrating the theorems, &c. And 

PratYnal Geometry, is that which applies thofe 
fpeculations and theorems to particular ufes in the folu- 
tion of problems, and in the mcafurements in the ordi¬ 
nary concerns of life. 

Speculative Geometry again may be divided into 
Elementary and Sublime. 

Elementary or Common Geometry, is that which is 
employed in the consideration of right lines and plane 
furfaces, with the folids generated from them. And 
the 

Higher or Sublime Geometry, is that which is em¬ 
ployed in the confidcration of curve lines, conic fed.ion3, 
and the bodies formed of them. This part has been 
chiefly cultivated by the moderns, by help of the itn- 

i irovcd (late of Algebra, and the modern analyfis or 
fluxions. 

GIBBOUS, is ufed for the ftiaj>e of one ftate of the 
enlightened part of the moon, being that in which ihe 

appears 
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appears more than half full or enlightened, which is the 
tune between the firft quarter and the full moon, and 
from the full moon to the lail quarter ; appearing then 
Gibbous, that i.s, bundled out, or convex on both (ides 
of the enlightened part; as contradiftinguilhed from 
the (late when (lie is lefs than half full, when (he is faid 
to be horned, or a crefcent. 

GlMBOI.S, arc the brafs rings by which a fea- 
cornpafs is' l’ufpeudcd in its box that ufually (lauds in 
tlie binaclc. 

GIN, in Artillery and Mechanics, is a machine for 
railing great weights;, ufually compofed of three long 
legs, &c. 

GTRDERS, in Archilcflure, are the large fi beams 
or piecea of timber fupporting the Hours. Their ends 
are ufually faitoned into the fummers, or breall-fum- 
niers; and the joifts are framed in at one end to the 
Girders. By the llatute for rebuilding London, no 
Girder is to lie lefs than to inches into the wall, and 
their ends to be always laid in loam, &c. The fliorter 
bearings a Glider has, and the oftener it is fupported 
by the internal or partition walls, fo much the better. 
The cHahlifhed breadth and depth of a Girder, ac¬ 
cording to its length of hearing, areas in the following 
tablet: 
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to 
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GIRT, in Timbcr-mcafuring, is the circumference 
of a tree ; though Come ufe this word for the quarter 
or qih part of the circumference onlv, on account 
of the great ufe that is made of it; for the fquarc 
of tins 4th puit is cileemcd and u(ed as equal to 
the area of the lection of the tree ; which lqunrc 
therefore multiplied by the length of the tree, is ac¬ 
counted the (olid content. This content howcsei is 
rlways about one-font tli part lefs than the true quantity ; 
being nearly equal to what this will he after the tree is 
hcwul fquarc in the uhiul way: fo that it ic.ins in¬ 
tituled to make an allowance for thcfquaring of the tree. 

Gikt-7., ; ;a-, is a line on the common or carpenter’s 
Hiding rule, employed in calling r.p the contents of 
trees bv nvans of their Gilt. 

GIVEN, Datum, a term very often nfed in mathe- 
iratics, and fignities fomething that is luppofed to be 
known. 

Thu;., if a magnitude be known, or i! we can find 
anotlur equal to it, it is faid to be Given in magnit tidy. 
Or when the pout loti of any thing' is known, it is laid 
to be Gi\en in polltion. And when the diameter of a 
circle is known, the circle is Giuti in magnitude. Or 
the circle is Given in polltion when its centre is Given 
in polition. When the kind or tpccies of a figure is 
known, or remains the fame, it is Given in fpccie. And 
fo on. 

* VOL. I. 


Euclid wrote a book of Data, or concerning thing* 
Given, in 95 proportions, ufually accompanying hi* 
Elements, in the bed editions, and which Pappus 
reckons as one of the bell fpccimciis of the analytical 
works of the ancients. 1 

GLACIS, in Fortification, a (loping bank reaching 
from the parapet of the counterfearp, or covered-way, 
to the level fide of the field, commonly at the difiance 
of about 40 yards. 

GLOBE, a round or fphcrical body, more ufually 
called a fpherc, hounded bj one uniform convex fur- 
face, every point of which is equally diilant fx'um a 
point within called its centre. Euclid defines *he 
Globe, or fphere, to -he a folid figure deferibed by the 
revolution of a femi-circle about its diameter, which 
remains unmoved. Alfo, ilo axis is the fixed line or 
diameter about which the femi-circle revolves; and .**. s 
centre is the fame with that of the revolving femi- 
circle, a diameter of it being any right line that puiics 
through the centre, and terminated both ways by tin* 
fuperlieies of the fpherc. Elem. 1i. def. 14, 1 16, 17. 

Euclid, at the end of the 12th hook, (hews that 
fpheres arc to one another in the triplicate ratio of their 
diameters, that is, tlicit iolidities are to one another 
as the cubes of their uiumctcis. And Arcliimedes d*- 
tci mines the real magnitudes and rneafures of the fur- 
faces and folidities of fpheres and their fegments, in hi» 
treatife de Sph.rni el Cylindro : viz, 1, That tlie fu- 
pvritcies of any Globe i.s equal to 4 times a great cir¬ 
cle of it.—2, That any fphere is equal to * of its circum¬ 
scribing cylinder, or of the cylinder ol the fame diame¬ 
ter and altitude.—3, That the curve furface of the 
fegment of a globe, is equal to the circle whofc radius 
is the line drawn from the vertex of the fegment to 
the circumference of the bafe.—That the content 
of a folid fedor of the Globe; is equal to a cone whole 
altitude is the radius of the Globe, and its bafe equal 
to the curve fuperfieies 01 bale of the fed"tor. With 
many other properties. And from hence are ealily 
deduced thefe practical rules for the lurf.ices and ioli- 
dities of Globes and their fegments ; viz, 

X. For the Surf iff of it Globe , multiply the fquare of 
the diameter by 3*141(1; or multiply the diameter by 
the circumference. 

2. For the Solidity of a Globe, mu’tiply the cube of 
the diameter by *5236 (\i". ' of 3*14:6} ; or multiply 
the furt'aee by ‘ of the di ixneter. 

3. For the Surf, tee r,fa Seym, rt, multiply the diame¬ 
ter of the* Globe liv the altitude of the fegment and the 
product again by 3*1416. 

4. For the Sal dily 'fa Segment, multiply the fquare of 
tlu* diameter of the Globe by the diiiemice between 
3 Limes that diameter and 2 time; the altitude of the 
fegment, and the product again by *5236, or ' s of 
3*iqi6. 

Hence, if t! denote the diameter of the Globe, 
e- the circumference, 

,1 the altitude of any fegment, r.n/1 


f> — 3*14*6 ; then 


The furface. 

T’ e f*’!i.!;*v J 

Tit the Globe pa'' ~~ n 7 

' ! di - , - 1 

In the Segt. pad 

1 p . 1 < 3 1 - : .i | 

See the art. .Srtirr.i', and 

my Metmirutio'i. n. fo¬ 

vke, 2d edit. 
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The Ginns, or Terraqueous Globe, IS the bfcdy 
or mafs of the earth and water together, which is nearly 
globular. 

Globe, or Artificial Globe, is more particularly 
ufed for a Globe of metal, plniller, paper, pafteboard, 
&c, on the furfacc of which is drawn a map, or re- 
pvefentation of either the heavens or the earth, with 
the feveral circles conceived upon them. And hence 

Gi.ooi s a**e of two hinds, Terrellrial, and Cclcilial; 
which arc of confidcrahlc ufe in geography and aftro- 
nomy, by ferving to give' a lively reprefentation of 
their principal objects, rnd for performing and illuitrat- 
ingmany of their operations in a manner tafy to be per¬ 
ceived by the fentes, and fo as to be conceived even 
without any knowledge of the mathematical grounds of 
tliofe (riciiccs. 

Defcrif/inn of the Globes. 

The fundamental parts that are common to both 
Globes, are an axis, reprefenting the axis of the world, 
palling through the two poles ot a fpherica! fliell, repre¬ 
senting thole of the world, which (hell makes the body 
of the Globejupon the external furfacc of which is drawn 
the repiclcutntion of the whole furfacc of the earth, 
fea, rivers, illands, &e, for the Terrellrial Globe, and 
the liars and conftellations of the heavens, for the Ce- 
leitial one; belides the equinoctial and ecliptic lines, 
the zodiac, the two tropics and polar circles, and a 
number of meridian lines. There is next a brazen me¬ 
ridian, being a It rung circle of brafs, circumfcribing 
the Globe, at a fmall dillance from it quite round, in 
which the globe is hung by its two poles, upon which 
it turns round within this circle, which is divided into 
4 times 90 degrees, beginning at the equator on both 
Tides, and ending with 90 at the two poles. There 
arc alfo two fmall hour circles, of brafs, divided into 
twice 12 hours, and fitted 011 the meridian round the 
poles, which carry an index pointing to the hour. The 
v hole is fet in a wooden ring, placed parallel to, and re¬ 
prefenting the horizon, in which the Globe Hides by the 
brafs meridian, elevating or deprefling the pole accord¬ 
ing to any propofed latitude. There is n!fo a thin 
(lip of brHs, called a Quadrant of Altitude, made to 
(it on occafonalJy upon the brafs meridian, at the high- 
c(l or vertical point, to meafure the altitude of any 
thing above the horizon. A magnetic compafs is 
fometimes fet underneath. See the figure of the Globes 
fo mounted, at iig. 1, plate xii. 

Such is the plain and Ample conftruction of the ar¬ 
tificial Globe, whether celeftial or terrellrial, as adapted 
to the time only for which it is rnadr. But as the 
angle formed by tbs equator and ecliptic, as well as 
their point of interfeftion, is always changing ; to re¬ 
medy thefe inconveniences, feveral contrivances have 
been made, fo as to adapt the fame Globes to any 
other time, either pa ft or to come; as well as other 
contrivances to anfv.er particular purpofes. 

Thus, Mr. Series, a celebrated maker of Globes, 
had a contrivance which, by means of a nut and ferew, 
eaufed the pole of the equator to revolve about the 
pole of the ecliptic, by any quantity anfwcring to the 
preceflion of the- equinoxes, fince the time for which 
the Globe was made. Philof. Tranf. number 447, or 
Abr. vol. 8, p. 317, alfo Philof. Tranf. vul. 46, p. 290. 

Mr. Jofej.h Harris, late aflay-mafter of the Mint, 


made fome contrivances to fhew the e(lefts of the earth’s 
motions. He fixed two horary circles under the brafs 
meridian, to the axis, one at each pole, fo as to turn 
round with the Globe, and that meridian ferved as an 
index to cut the horary divilions. The Globe in this 
(late ferves equally for refolving problems in both north 
and Couth latitudes, as alfo in pi.ices near the equator; 
whereas, in the common cordtruftion, the axis and ho¬ 
rary circle prevent the brafs meridian from being move¬ 
able quite round in the horizon. Tlii.-> Globe is alfo 
adapted for (hewing bow the vieiffitudcs of day and 
night, and the alteration of their length;, arc really 
occafioned by the motion of the earth : (or tin’s purpofc, 
he divides the brafs meridian, at one of the poles, into 
months and days, according to the fun’s declination, 
reckoning; from the pole. Therefore, liy bringing the 
day of the month to the horizon, imd 11 fliiyiiig the 
Globe aceoiding to the time of the day, ti.-- horizon 
will reprefent the circle fcpar.iting light and darknefs, 
and the upper half of tile Glob; tin* illiiminati d licmi- 
fphere, the fun being in the zenith. Mr. Harris alfo 
gives an account of a cheap machine for (liewing how 
the annual motion of the earth in its orbit caufes the 
change of the fun’s dcch'u >.tion, without the great ex- 
pencc of an orrery. Philof. Tranf. number 456, or 
Abr. vol. 8, p. 352. 

The late Mr. George Adams made alfo fome ufeful 
improvements in the condruCtion of ti.c Globes. Be- 
fidcs what is ulual, his Globes have a thin brafs femi- 
cirde moveable about the poles, with a fmall thin Aid¬ 
ing circle upon it. On the t erred rial Globe, the for¬ 
mer of thefe is a mov aide meridian, and the latter is the 
vifible horizon of any particular place to which it is 
fit. But on the cclelli.il Globe, the fcrni-circle is a 
moveable circle of declination, and its fmall annexed 
circle an artificial fun or planet. F.aeh Globe has a 
brafs wire circle, placed at the limits of the twilight. 
The tei rellrial Globe has many additional circles, as 
well as the rhumb lines, fur iviolving all the ncecd’ary 
geographical and nautical problems : and on the cclcf- 
ti.il Globe are drawn, on each fide of the ecliptic, 8 
parallel circles, at the dillance of one degree (rum each 
other, including the zodiac ; which are eroded at right- 
angles by fegmeuts of great circles at every 5 th degree 
of the ecliptic, for the more readily noting the p’aceof 
the moon or of any planet upon the Globe. On the 
flrong brafs circle of the terreiiiial Globe, and about 
23! degrees on each fide of the. north pole, the days 
of each month arc laid down according to the fun’s de¬ 
clination : artel thi ; brafs circle* is fo contrived, that the 
Globe may lit placed with the north and foiitli poles 
in the* plane of the horizon, and with the font It pole 
elevated above it. The equator, on the furfacc of cither 
Glcibt', ferves the purpofc of the horary circlr, by 
means of a femi-circular wire placed in the plane of 
the equator, carrying two indices, one of which is oc- 
cafionally to be ufed to point out the time. For a 
farther account of thefe Globes, with the method of 
ufing them, fee Mr. Adams’s treatife on their coirftruc- 
tion and ufe*. 

There are alfo what are calk'd Patc*nt Globes, made 
by Mr. Neale ; by means of which he refolvcs feveral 
agronomical problems, which do not admit of folutiou 
by the common Globes. 

Me. 
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Mr. Fergufon likewife made feveral improvements 
tif the Globes, particularly one for conftrudling dials, 
and another called a planetary Globe. See Philof. 
Tranf. vol. 44, p. 535, and Fergufon’s Aftron. p. 291, 
and 292. 

r.ailly, in the Philof. Tranf. for 1789, vol. 79, p. 1, 
Mr. Stneaton has propofed fume improvements of the 
celdlial Globe, efpecially with refpe <ft to the quadrant of 
altitude, for the refolutlon of problems relating to the 
azimuth and altitude. The difficulty, he obferves, that 
has occurred in fixing a femicirclc, fo as to have a 
centre in the zenith and nadir points of the Globe, at 
the fame time that the meridian is left at liberty to 
raife the pole to its defired elevation, I fuppofe, has in¬ 
duced the Globe-makers to be contented with the drip 
of thin flexible brafs, called the quadrant of altitude; 
and it is well known how imperfectly it performs its 
office. The improvement I have attempted, is in the 
application of a quadrant of altitude of a more folid 
conftruttion ; which being affixed to a brafs locket of 
fomc length, and this ground, and made to turn upon 
an upright ilecl fpindle, fixed in the zenith, ileadily 
dircdls the quadrant, or rather are, of altitude to its 
true azimuth, without being at liberty to deviate from 
a vertical circle to the right hand or left: by which 
means the azimuth and altitude are given with the fame 
cxadlncfs as the meafure of any other of the great cir¬ 
cles. For a more paiticular defeription of this improve¬ 
ment, illuilrated with figures, fee the place above 
quoted. 

The vfe of the Terrrfrial Globf. 

Pr OB. 1. ToJSful the latitude and longitude of any place. 
—Bring the place to the graduated fide of the licit me¬ 
ridian : then the degree of the meridian it cuts is tlie 
latitude fought; and the degree of the equator then 
under the meridian is the longitude. 

II. To find a place, having a given latitude and longi¬ 
tude _Find the degree of longitude on the equator, 

and bring it to the brafs meridian; then find the de¬ 
gree of latitude on the meridian, either north or fouth 
of the equator, as the given latitude is north or fouth; 
then the point of the Globe juil under that degree of 
latitude is the place required. 

III. To find all the places on the Globe that have the 
fame latitude, and the fame longitude , or hour, with a given 
place, as fuppofe London.— Bring the given place Lon¬ 
don to the meridian, and obferve what places are jull 
under the edge of it, from north to fouth ; and all 
lliofe places have the fame longitude and hour with it. 
Then turn the Globe quite round ; and all thofe places 
which pafs juft under the given degree of latitude on 
the meridian, have the fame latitude with the given 
place. 

IV. To find the jdntxci, Periaci and Antipodes, of any 

given place, fuppofe London. -Bring the given place 

.London to the meridian, then count 51 .* the fame de¬ 
gree of latitude fouthward, or” towards the other pole, 
and the point thus arrived at will be the Antoeci, or 
where the hour of the day or night is always the fame 
at both places at the fame time, and where the feafons 
and lengths of days and nights are alfo equal, but at 
half a year diilauce from each other, becaufc their fea¬ 


fons arc oppofite or contrary. London being ftill 
under the meridian, fet the hour index to 12 at noon, 
or pointing towards London ; then turn the Globe juft 
half round, or till the index point to the oppofite 
hour, or 12 at night; and the place that comes under 
the fame degree of the meridian wheie London was, 
fliews where the Perkrri dwell, or thofe people that 
have the fame feafons and at the fame time as Lon¬ 
don, as alfo the fame length of days and nights &c at 
that time, but only their time or hour is jull oppofite, 
or 12 hours diftant, being day with one when night 
with the other, &c. Lallly, as the Globe Hands, 
count down by the meridian the fame degree of lati¬ 
tude fouth, and that will give the place of the Anti¬ 
podes of London, being diametrically under or oppofite 
to it; and fo haring all its times, both hours and fea¬ 
fons oppofite, being day with the one when night with 
the other, and futnmer with the One when winter with 
the other. 

V. To find the D’Jhmce of two places on the Globe .— 
If the two places be either both on the equator, 01 both 
on the fame meridian, the number of degrees in the 
dill since between them, reduced into miles, at the rate 
of 70 Knglifh miles to the degree, (or more cxa£t 
6yi), will give the diitance nearly. But in any other 
lit nations of the two places, lay the quadrant of alti¬ 
tude over them, and the degrees counted upon it, from 
the one place to the other, and turned into miles as 
above, will give the di(lance in this cafe. 

VI. To find the Difference in the Time of the day at 
any two given places, and thence the Difference if Longi¬ 
tude. —Bring one of the places to the meridian, and let 
the hour index to 12 at noon; then turn the Globe 
till the other place comes to the meridian, and the in¬ 
dex will point out the difference of lime ; then by al¬ 
lowing 15 0 to every hour, or 1° to 4 minutes of time, 
the difference of longitude will be known.— Or tin dif¬ 
ference of longitude may be found without the time, 
thus : 

Firft bring the one place to the meridian, and note 
the degree of longitude on the equator cut by it; then 
do the fame by the other place ; which gives the lon¬ 
gitudes of the two places ; then fubtrafling the one 
number of degrees from the other, gives the difference 
of longitude fought. 

VII. The time being Inown at any given place, as 
fuppofe London, to find what hour it is in any other pm t 
of the world. —Bring the given place, London, to the 
meridian, and fet the index to the given hour ; then 
turn the Globe till the other place come to the meri¬ 
dian, and look at what hour the index points, which 
will be the time fought. 

VIII. To find the Sun's place in the ecliptic, and alfo 
on the Globe, at any given time.— Look into the calendar 
on the wooden horizon for the month and day of 
the month propofed, and immediately oppofite Hands 
the fign and degree which the fun is in on that day. 
Then in the ecliptic drawn upon the Globe, look for 
the fame fign and degree, and that will be the place of 
the fun required. 

IX. To find at what place on the earth the fun is 
vertical, at a given moment of time at another place, as 
fuppofe London. —Find the urn’s place on the Globe 
by the laft problem, and turn the Globe about till 

i 2 2 that 



G I. O 


[ 540 ] GLO 


that place come to the meridian, and note the degree 
of the meridian jull over it. Then turn the (.’.lube 
till the given place, London, come to the meridian, 
and fet the index to the given moment of time. LalUv, 
turn tht Globe till the index points to 12 at noon ; 
then the place of the earth, or Globe, whic h Hand.-, 
under the before noted d-gtte, Ins the fun <:t that mo¬ 
ment in the zenith. 

X. Tv find /.>'•'■(> long the fun fines with tot frttin", 

in ary g.-\u p'aec in //>■• frigid e res. -Subtract the 

degui.. ol' latitude of the given place from ijc, which 
gi-.es the complement of the latitude, and count the 
number of this complement upon the meridian from the 
equator towards the pole, marking that point of the 
meridian ; then turn the Globe round, and carefully oh- 
ferve what two degrees of the ecliptic paf:. cxa.'tlv un¬ 
der the point marked on the meridian. Then look for 
the fame degrees of the ecliptic on the wooden horizon, 
and put oppofite to them llaml the months and davs 
of tfje mouilis cc 1 refpondiiig, and between which two 
days the fun never l’.is in that latitude. 

If the beginning and cad of tlie longrfl night he 
required, or the period of time in which the ! V.n uevi r 
rifes at that place ; count the lame complement of la¬ 
titude towards the fouth or fnrthiit pole, and then the 
rett of the work will be the fame in all reflects as 
ibove. 

Note, that this folution is independent of the hori¬ 
zontal rcfra&ion of the fun, which ra its him rather 
more than half a degree higher, by that means making 
the day fo much longer, ami the night the Ihortcr ; 
therefore in this cafe, fet the mark on the meridian half 
a degree higher up towards the north pole, than what 
the complement of latitude gives ; then proceed with 
it as before, and the more exact time and length of the 
longtil day and night will be found. 

XI. A place Icing given in the torrid none, to find rn 
what two days of the year the fun is 1 crli. rt! at that 

face. -Turn the Globe alxmt till the given place 

conic to the meridian, and note the degree of the me- 
vidian it comes under. Next turn the Globe round 
again, and note the two points of the ecliptic palling 
under'that degree of the meridian. Laltly, by the 
wooden horizon, find on what days the fun is in thofe 
two points of the ecliptic ; and on thefe days he will he 
vertical to the given place. 

XII. To findihtfr pines in the tier'd none to ocl/eh 

tic fui: is vertical on n git in day. -1 laving found the 

tun’s place in the ecliptic, as in the Sth problem, turn 
the Globe to bring the lame point of the ecliptic on 
the Globe to the tnctidiau ; then again turn the Gie.be 
round, and note all the places which pafs under that 
point of the meridian} which will be the places 
{ought. 

After the fame maimer may he found what people 
are Afrii for any given clay. And alio to what place 
of the earth, the moon, or any other planet, is vertical 
on a given clay ; finding the place erf the planet on the 
lobe bv means of its right afeenfion anil declination, 
ke finding a place from its longitude and latitude 
given. 

XIII. To rectify the Globe far the latitude of any place . 

. -By Hiding the brafs meridian in its groove, elevate 

x 


the pole as far above the horizon as is etjual to the la¬ 
titude of the place ; fo for London, raife the north 
pole 511 degrees above the wooden horizon : then turn 
the Globe on its axis till the place, as London, come 
to the meridian, and there fet the index to 12 at noon. 
Thru is the place exactly on the vertex, or top point of 
the (Ilobe, at cjo° every way round from the wooden- 
horizon, which reprefents the horizon of the place. 
And if the frame of tlie Globe be turned about till the 
conipals needle point to 22 \ degrees, or'two points 
veil of the north point (becaufe the variation of the 
magnetic needle is nearly 22 \ degu ts well), fo (hall the 
Globe tlit'ii (land in the exaft pofitiou of the earth, with 
it.; axis pointing to the north pole. 

XIV. To find the length of the day nr night, rr the 
fin's rrf ng or felling, in any latitude; having the day of 

t!e Health giver. -Rectify the Globe for the latitude 

of the place; then biiug the fun's place on the globe to 
the rniidiim, and fet the index to 12 at noon, or the 
upper 12, am! then the Globe is in 'he proper pofition 
for noon day. Next turn the Gk>be about towards 
tlie’call till the fun’s place runic in It to the wood a ho¬ 
rizon, and the index will then point to the hour of fit v- 
ri(e ; alio turn the Globe as far to thevv.il fide, or till 
the fun’s place come juit to the horizon on the wvil 
fide, and then the index will point to the hour of fuu- 
fel. Tliefe being now known, double the hour of 
fetting will he the length of the duv, Vnd double the 
riling will he the length of the irglit.—And thus alfo 
1 tv.iv the length of the longed dav, or the lhortell 
dav, he found for any lath ltd ■. 

XV. To find the higinrrrg and end if Twilight nn any 

day of the year, fur any latitude. -It is twilight all the 

time hum itinfel till the fun i., below the horiz.on, 
ami the lame in the morning from the time the hm is 
1 S'’ below the horizon t>’U the moment of his rife. 
Therefore, notify the Globe for the latitude of the 
place, and for noon by fetting the index to 12, and 
lerew on the quadrant of altitude. Then take die* 
point of the ecliptic oppolitc the fun’s piaeo, and turn 
the Globe on its axis wcdwa.'d, as alfo the quadrant of 
altitude, till that point rut this quadrant in the lblli 
degree below the horizon, then 1 he index will lluvv the 
time of dawning in the morning; next I urn the Globe 
and quadrant of altitude towards the call, till the laid 
point oppofite the fun’s place meet this quadrant in the 
fame ifSth degree, and then the index will (hew, the 
t.mc when twilight ends in the evening. 

XVI. At any given day, and hour of the day, to find 
alt thofe places on the Globe tvl < re the Jan then rifes, or 
Jets, as alfo where it is tnon day, tvhtre it is day light , 

and where it is in dnrintfs. -Find what place the 

fun is vertical to, at that time ; and elevate the Globe 
according to the latitude of that place, and bring the 
place alio to the meridian ; in which Hate it will alfo 
lie in the zenith of the Globe. Then is ail the upper 
hemifphere, above the wooden horizon, enlightened, 
or in day light ; while all the lower one, below the 
horizon, is in dnrkncfs, or night : thofe places by the 
edge of the meridian,, in the upper hcmifpluTc, have 
noon day, or 12 o’clock ; and thole by the meridian 
below, have it midnight : Infily, sdl thofe places by 
the eaJLcru fide of the horizon, have the fun jufi fet- 

ting*. 
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tin g, and thofc by the wcftern horizon have him juft 
tiling. 

lienee, as in the middle of a lunar eclipfe the moon 
is in that degree of the ecliptic oppofite to the fun’s 
place ; by the prefent problem it may be Ihewn what 
places of" the earth then fee the middle of the eclipfe, 
and what the beginning or ending; by riling the moon’s 
place inftead of the fun’s place in the problem, 

XVII. To find the leaving of our place from another, 

and their ang e of pnfiiit.n. - 15 ring the one plaee to 

the zenith, by rectifying the Globe for its latitude, 
and turning the Globe till that place come to the me¬ 
ridian ; then ferew the quadrant of altitude upon the 
meridian at the zenith, and .make it revolve till it come 
to the other place on the Glob'* ; then look on the 
wooden horizon lor the point of the compufs, ormim- 
lier of degrees from the forth, where the quadrant of 
altitude cut ; it, and that will be the bearing of the lat¬ 
ter place from the former, or the angle of- politico 
fought. 

The Ufe of the Celef''d Cl one. 

The Celc ft ini Globe diiler.. f: ,.;n the terreftrial only 
In this ; inlleud of the fever?.! parts of the earth, the 
images of the liars and conllt Uatioi.s are defigned. The 
meridian circle drawn through thetwo poles andthrough 
the point Cancer, reprcl’euts the folftilial colure; but 
that through tin point Aries, rcprefeiits the equinoctial 
tenure.- 

Pkob. XVII 1 . To e.xhibit the true reprefentation of 
t/r fire of the Lutvens at any givm iime and place.-— 
Rectify fort lie Li. of the place, bv prob. 13, fetling 
the Globe with its pole pointing to the pole of the 
world, by means of a compafs. Find the fun’s place 
in the ecliptic, and turn the Globe to bring it to the 
meridian, and there fet the index to J 2 at noon. Again 
revolve the Globe on its axis, till the index point to the 
given hour of the day or night : fo fliall the Globe in 
this poJilion exactly rcjirefent the face of the heavens as 
it appears at that time, every eonllellation and liar, in 
the heavens, anfwering in pofition to thole on the 
Globe ; fo that, by examining the Globe, it will im¬ 
mediately appear which tlars are above or below the 
horizon, which on the call or weltcrn parts of the hea¬ 
vin'., which lately rifm, and which .going to ftt, fee. 
And liuis the portions of the fcvcntl planets, or comets, 
i.uty alfo be exhibited ; having marked the places of the 
Globe where they arc, by means of their declination 
ami right afcenlion. 

XIX. To find the Declination and Right-ajeer, fan of any 

fiat upon the Glebe, -Turn the Globe till the liar 

lomt to the meridian: then the number of degrees on 
the meridian, between the equator and the liar, is its 
cieeliiialion ; and the degree of the equator cut by the 

meridian, is the right-afeenfmn ot the liar.-In like 

manner are found the declination and right-afcculiou of 
the fun, or any other point. 

XX. To fed the Latitude and Longitude of any Jlar 
drawn upon the Globe. ■ ■ firing the fi.Initial colurc to 
the meridian, and there fix the quadrant of altitude 
over the pole of the ecliptic in the fame hcmifphcie 
with the ftar, and bring its graduated edge to the liar: 
then the degree on the quadrant cut by the liar is its 
latitude, counted from tlxe ecliptic; and the degree of 

, the ecliptic cut by the quadrant its longitude* 


XXI. To find the place of a Jlar, planet, carnet, CsV. 
on the Globe ; its tin ft nation and right -afeenfion being 

Inotun. -Find the given point of right-afeeufion on 

the equinoctial, and bring it to the meridian ; then 
count the degrees of declination upon the meridian 
from the equinoctial, and there make a mark on the 
Globe, which will be the place of the planet, See,, 
fought. 

XXII. Tv find the place of a Jlar, planet, comet, or 

other object on the Globe ; its latitude and longitude being 
given. -Iking the pole of the ecliptic to the meri¬ 

dian, and there fix the quadrant of altitude, which, 
turn round t ill its edge cut the given longitude on the 
ecliptic ; then count the given latitude, from the eclip¬ 
tic, upon the quadrant of altitude, and there make a 
mark on the Globe, u inch will be the place of the pla¬ 
net, See, fought.-The place on the Globe, of any, 

fuch planet, £:e, bcri.g found by this or the foregoing' 
problem, its riling, or fetling,, or any other circum- 
ftance concerning it, may then be found, the fame aS 
the fun, by the proper problems. 

XXIII. To find the fifing, fetling, and culminating 
of a Jlar, planet, fin, isfc ; with its continuance above the 
horizon, fur any place and day ; as afo its oblique af- 
enfion and dejlen/ion, with its ra/lern and wejlern ampli¬ 
tude and azimuth. —— Adjuil the- Globe to the Hate of 
the heavens at tz oMuck that day. Bring the liar, 
&c, to the tallcrn (idc of the horizon : which will 
give itseallern amplitude and azimuth, and the time of 
riling, as for the fun. Again, turn the Globe to bring 
the fame liar to the wcllern fide of the horizon : fo will 
the weflern amplitude and azimuth, with the time of 
fel ting, be found. Then, the time of riling, fubtradi- 
edfiom that of fitting, haves the continuance of the 
liar above the horizon : this continuance above the ho¬ 
rizon taken from.24 hours, leaves the time it is below 
tiic horizon. I.alUy, bring the liar to the meridian, 
and the hour to which the index then points is the time 
of its culmination, orfouthing. 

XXIV'. To find the altitude of the fun, or fiar, iefe, for 

any given hour of the day or night. -Adjuit the Globe 

to the poGtion of the heavens, and turn it till the index 
point at the given hour. Then fix on the quadrant of 
altitude, at 90 degrees from the horizon, and turn it to 
the place of the fun or liar: fo (hall the degrees of the 
quadrant, intercepted between the horiz.un aud the 
fun or liar, be the altitude fought. 

XXV. (.riven :ht altitude of the fun by day, or of a flitr 

/■v night, to find the lo.ur of the day or night. -liedlify 

the Globe as in tlu- foregoing problem ; and turn the 
Globe and quadrant, till fuch time as the liar or de¬ 
gree of the elliptic the fnu is in, cut the quadrant in the 
given degree of altitude ; then will the index poiut at. 
the hour required. 

XXVI. Given the azimuth of the fun nr afiar, to find' 

the time of the day or night* -Redlity the Globe, and. 

bring the quadrant to the given azimuth in the hori¬ 
zon ; then turn the Glolie till the lun or ftar come to 
the quadrant, and the index will tftu-n (hew the time of 
tht day or night. 

GLOBl’IiAR, relating to, or partaking the pro¬ 
perty or fhape of, the Globe. As Globular chart* 
Globular projection, or Globular failing, &c. 

GlouutA* Chart, is a reprefentation of the furfkcty. 

ot 
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or part of the furface, of the terraqueous Globe upon 
a plane ; in which the parallels of latitude are circles 
nearly concentric ; and the meridians are curves bend¬ 
ing towards the poles; the rhumb-lines being curves 
alio. 

The merits of this chart confift in thefe particulars, 
viz, that the dillances between places on the lame rhumb 
arc all meafured by the fame male of equal parts ; and 
the didance of any two places in the arch of a great cir¬ 
cle, is nearly reprefented in this chart by a ftraight line. 

I-.and maps alfo made according to this projection 
would have great advantages over tluife made in any 
other way. But for fea charts for the ufe of naviga¬ 
tion, Mercator’s are preferable, as both the meridians 
and parallels, as alio the rhumbs, are all ftraight 
lines. 

This projection is not new, though not much no¬ 
ticed till of late. It is mentioned by Ptolnmy, in his 
Geography ; and alfo by Blundewlle, in his Excrcifcs. 

For Globular projection of maps or charts, fee Map. 

Globular Suiting , in the method of refolving the 
•cafes of failing upon principles deduced from the 
fpherical figure of the earth. Hueli as Mercator’s fail¬ 
ing, or Great-circle failing ; which fee. 

GJLOSSOCOMON, in Mechanics, is a name given 
by Heron to a machine compofed of divers dented 
wheels with pinions, ferving to raife huge weights. 

GNOMON, in Ailronomy, is an inftrument or ap¬ 
paratus for meafuring the altitudes, declinations, &c, of 
the fun and liars. The Gnomon is ufually a pillar, or 
column, or pyramid, erefted upon level ground, or a 
pavement. For making the more confiderable observa¬ 
tions, both the ancients and moderns have made great 
ufe of it, cfpecially the former; and many have pre¬ 
ferred it to the fmaller quadrants, both as more accu¬ 
rate, eaGer made, and more eafily applied. 

The moft ancient obfervation of this kind extant, is that 
made by Pytheas, in the time of Alexander the Great, 
at Marfcilles, where he found the height of the Gno¬ 
mon was in proportion to the meridian fhadow at the 
fummer folfticc, as 213 ( to 600 ; juft the fame as Gaf- 
fendi found it to be, by an obfervation made at the 
fame place, almoft 2000 years after, viz, in the year 
1636. Ricciol. Almag. vol. 1, lib. 3, cap. 14. 

UlughBeigh, king of Parthia, &c, uled a Gnomon 
in the year 1437, which was 180 Roman feet high. 
That created by Ignatius Dante, in the church of St. 
Petroniu8, at Bologna, in the year 1576, was 67 feet 
high. M. Callini ercdled another of 20 feet high, in 
the fame church, in the year 1655. 

The Egyptian obclilks were alfo ufed as Gnomons ; 
and it is thought by fome modern travellers that tin's 
was the very ufe they were defigned and built for ; it 
has alfo been found that their four lides Hand cxaftly 
facing the four cardinal points of the compafs. It may 
be added, that the Spaniards in their conquelt of Peru, 
found pillars of curious and coftly workmanlhip, fet up 
in feveral places, by the meridian lhadows of which 
their amatas or philofophers had, by long experience 
and repeated observations,learned to determine the times 
of the equinoxes ; which feafonsof the year wete cele¬ 
brated with great feftivity and rich offerings, in honour 
of the fun.' Garcillaffo de la Vega, Hift. Peru. lib. 2, 
cap. 22. 


Use of the .Gnomom, in fating the meridian altitude of 

the Sun, and thence Jit:ding the Latitude of the place. .- 

A meridian line being drawn through the centre of the 
Gnomon, note the point where the fhadow of the 
Gnomon terminates when projected along the meridian 
line, and meafure the dillance of that extreme point 
from the centre of the Gnomon, which will be the 
length of its fhadow. Then having the height of the 
Gnomon, and the length of the fhadow, the fun’s alti¬ 
tude is thence eafily found. 



Suppofe, ex. gr. AB the Gnomon, and AC 
the length of the lhadow. Here in the right-angled 
triangle ABC, are given the bale AC, and the 
perpendicular AB, to find the angle C, or the fun’s 
altitude, which will be found by this analogy, as 
CA : AB : : radius : the tang, of jL C, that is, as the 
length of the lhadow is to the height of the Gnomon, 
fo is radius to the tangent of the fuu’s altitude above the 
horizon. 

The following example will ftrve to illuftrate this 
propofition : Pliny fays, Nat. Ilill. lib. 2, cap. 72, 
that at Rome, at the time of the equinoxes, the lha¬ 
dow is to the Gnomon as 8 to 9 ; therefore as 


8 : 9 


1 or radius : — = 1*125 a tangent, to which 

O 


anfwers the angle 48° 22', which is the height of the 
equator at Rome, and its complement 41 0 38' is 
therefore the height of the pole, or the latitude of the 
place. 

Riccioli remarks the following defedls in the ohferva- 
tions of the fun’s height, made with the Gnomon by 
the ancients, and fome of the moderns : viz, that they 
negle&ed the fun’s parallax, which rnakts his apparent 
altitude lefs, by the quantity of the parallax, than it 
would be, if the Gnomon were placed at the centre of 
the earth : 2d, they neglcAed alfo the refraction, by 
which the apparent height of the fun is a little increas¬ 
ed: and 3dly, they made the calculations from the 
length of the lhadow, as if it were terminated by a 
ray coming from the centre of the fun’s dife, whereas 
the lhadow isieally terminated by a ray coming from 
the upper edge of the fun’s dife ; fo that, inilcad of 
the height of the fun’s centre, their calculations gave 
the height of the upper edge of his dife. And there¬ 
fore, to the altitude of the fun found by the Gnomon, 
the fun’s parallax muft be added, and from the fum 
mull he fubtradled the fun’s femidiameter, and refrac¬ 
tion, which is different at different altitudes; which 
being done, the corredl height of the equator at Rome 
will be 48° 4' 13", the complement of which, or 

41° 55' 4 6", is the latitude. Ricciol. Geogr. 
Rcfor. lib. 7, cap. 4. 


The 
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The preceding problem may be refolved more accu¬ 
rately by mean!) ot a ray of light let in through a I’m all 
hole, than by a fhadow, thus : Make a circular perfo¬ 
ration in a bra fs plate, to tranfmit enough of the fun’s 
rays to exhibit his image on the floor, or a Huge ; fix 
the plate parallel to the horizon in a high place, pro- 

{ >cr for obl'ci vniiou, the height of which above the floor 
et be accurately ineafured wit h a plummet. Let the 
floor, orflagc, be perfectly plane ami horizontal, and 
cohmted over with fume white fubftancc, to (litw the 
fun more diiliuctly. Upon this hoiizontal plane draw 
a meridian line palling through the foot or centre of the 
Gnomon, i. e. the point upon which the plummet falls 
front the centre of the hole ; and upon tin’s line note the 
extreme points I and K of the l’un's image or diameter, 
and from each end fubtruct the image of half the dia¬ 
meter of the aperture, viz KH and 1.1 : then will HL 
be the image of the fun’s diameter, which, when hi fitt¬ 
ed in B, gives the poiul on which the rays fall from 
the centre of the fun. 



Now having given the line AB, and the altitude of 
tin. Gnomon AG, befide the right angle A, the angle 
B, or the apparent altitude of the fun’s centre, is ealdy 
found, thus : as AB : AG : : radius : tang, an¬ 
gle B. 

Gnomon, in Dialling, is the ftyle, pin, or cock of 
a dial, the fhadow of which points out the hours. This 
is always fuppofed to roprefent the axis of the world, 
to which it is therefore parallel, or coincident, the two 
ends of it pointing flraight to the north and fouth poles 
of the world. 

Gnomon, in Geometry, is a figure formed of the 
two complements, in a parallelogram, together with 
either of the parallelograms about 
the diameter. Thus the parallelo¬ 
gram AC being divided into four 
parallelograms by the two lines 
DG, lil' - parallel to the fides, 
forming the two complements Ali 
and BC, with the two Did, I'G 
about the diameter HI : then the two Gnomons 
are AB ■+• BC -f- DR, 
and AB + BC + l’G. 

Gkomonic Projection of the Sphere, is the representa¬ 
tion of the circles of an hemifphere upon a plane touch¬ 
ing it in the vertex, by the eye in the centre, or by 
lines or rays ifl'uing from the centre of the hemifphere, 
to all the points in the furface. 

Ip this projection of the fphere, all the great circles 
are projected into right lines, on the plane, of an indefi- 
• nite length; and all lefTcr circles that are parallel to 
J 


the plane, into circles 5 but if oblique to the plane, then 
are they projected cither into eJlipfes or hyperbolas, ac¬ 
cording to their different obliquity. It has its name 
from Gnomonics, or Dialling, becaufe the lines on the 
face of every dial are from a projection of this fort: for 
if the fphere be projected on any plane, and upon that 
fide of it on which the fun is to thine ; alfo the pro¬ 
jected pole be made the centre of the dial, and the axis 
of the globe trie flyle or Gnomon, and the radius of 
projection its height; you will have a dial drawn with 
all its furniture. See Emerfon’s Projection of the 
Sphere. 

GNOMONICS, the fame as Dialling ; or the art 
of drawing fun and moon dials, on any given plane; 
being fo called, becaufe it fliewa how to find the hour 
of the day or mght by the fhadow of a Gnomon or 
ftyle. 

GOLDEN Number, is the particular year of the Me- 
tonic or Lunar Cycle. See Lunar Cycle. 

To find tl.-e Golden Number : 

Arid 1 to the given year, and 
divide the fum by 19, and what 
remains will be the Golden Num¬ 
ber ; unlefs o remain, for then 
19 is the Golden Number. 

Thus, the Golden Number for 
the year 1791, is (>; as by the 
operation in the margin. 

Golden Rule, a rule fo called on account of its ex¬ 
cellent ufe, in arithmetic, and efpccially in ordinary cal¬ 
culations, by which numbers are found in certain propor¬ 
tions, viz, having three numbers given, to find a 4th 
number, that fhall have the farm: proportion to the 3d as 
the 2tl hath to the ift. On this account, it is otherivife 
called 'The Rule of Three, and ‘The Rule of Proportion, 
Sec Rule of Three. 

Having ltatcd, or fet down in a line, the three terms, 
in the order in which they are proportional, multiply 
the ;d and 3d together, and divide the product by the 
1 ft, fo fhall the quoticul be the anfwer, or the 4th 
term fought. 

Thus, if 3 yards of cloth cofl a guinea or 21 fhil- 
lings, what will 20 yards coil. Here tire two price# 
or values mull hear tire fame proportion to each other 
as the two quantities, or number of yards of cloth, i. e. 
3 mult bear the fame proportion to 20, an 2 is, the 
value of the former, mull bear to the value of the lat¬ 
ter: and therefore the Hat¬ 
ing and operation of the 
numbers will be thus. 

Then multiplying the 
zd and 3d together, and 
dividing the product by 
the ill, it gives j q;v. or 
7/. for the anfwer, being 
the coll of 20 yards. 

GONIOMETRICAL Lines, are lines ufed for 
meafuring or determining the quantity ot angles : fuch 
as fines, tangents, ftcams, verted fines, kc. 

Mr. Jones, in the Philof. Tranf. number 483, feel. 
26, gave a paper, containing a commodious difpofition 
of equations tor exhibiting the relations of Goniome- 
tricai Lines ; from which a multitude ol curious then. 

rem& 




3 : 20 :: 21 : 140/. 
20 
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rents may be derived. See alfo Robertfon’s Elem. of 
Navigation, vol. i, p 18 x, Edit. 4. 

GONIOMLTKY, a method of meafuring angles, 
fo called by M. de Lagny, who gave fcveral papers, on 
this method, in the Memoirs of the Royal Acad. an. 
1724, 1725, 1729* M. de Lagny’a method of Gonio- 
metry confills in meafuring the angles with a pair of 
compares, and that without any lcale whatever, except 
mt undivided fetnicirele. Thus, having any angle 
drawn upon paper, to be meafured ; produce one of the 
fides of the angle backwards behind the angular point} 
then with a pair of fine contpaffes deferibe a pretty 
large feraieirclc from the angular point as a centre, cut¬ 
ting tine fides of the propolcd angle, which will inter¬ 
cept a part of tlie fcmicircle. Take then this intercepted 
part very exactly between the points of the coinpafl’es, 
and turn them fuceeflivcly over upon the arc of the fe- 
micircle, to find how often it is contained in it, after 
which there is commonly fome remainder: then take 
this remainder in the compaifes, and in like manner 
liudhow often it is contained in the lalt of the integral 
parts of the ill ate, with again fome remainder : find 
in like manner how often tin's lull remainder is contained 
in the former; and fo on continually, till the remainder 
become loo final! to be taken and applied as a meafure. 
By this means he obtains.a feries of quotients, or fraction¬ 
al parts, one of another, which being properly reduced 
into one fraction, give the ratio of the firtl arc to the 
fcmicircle, or of tlie propofed angle to two right an¬ 
gles, or 180 degrees, and confequently that angle it- 
felfiu degrees and minutes. 



Thur ? , fuppofc the angle BAC 'be propofed to be 
meafured. Produce BA out towards/ - ; and from the 
centre A deferibe the iemieircle abe£, in which ab is the 
meafure of the propofed angle. Take al in the com- 
paifes, and apply it 4 times on the fcmicircle, as at 
h, c, d, and e ; then take the remainder fr, and apply it 
hack upon at, which is but once, viz at g ; again take 
the remainder gd, and apply it 5 times on ge, as at 
b, i, l, /, and m ; laftly, take the remainder me, and 
it is contained j 11 It 2 times in ml. lienee the feries of 
quotients is 4, 1, 5, 2; consequently the 4th or lalt 
arc an is *- the third ml or gd, and therefore the 3d 

arc gd is or of the 2d arc ef ; and therefore 
5 56 * 

again this 2d arc rf is —— or J-J- of the 1 fl. arc n!>; and 
■ir 

confequently this til arc ab is —— or of the whole 

4 ii 

fcmicircle af. But of 18o° are 37} degrees, or 37 0 
8' 34"!, which therefore is the meafure of the angle 
fought. When the operation is nicely performed, this an- 

S le maybe within 2 or 3 minutes of the truth ; though 
1. dcLagny pretends to meafure much nearer than that. 


It may be added, that the feries of fractions form* 
what is called a continued fraction. Thus, in the ex¬ 
ample above, the continued fraction, and its reduction, 
will be as follow: 

i_ , __l , ^ x a . * 

4+;-.JL 4 + —r 4ri &3 ’ 

1 * 1 ~ y* 11 f 

the quotients being the fuccefftve denominators, a. J I 
always for each numerator. 

GORGE, or Nccl, in Architecture, is the nar- 
rovvcll part of tlie Tufcan or Doric cipitals, lyir.g 
above the lliaft of the pillar, between the ailingal and 
the annulets. 

It is alfo a kind of concave moulding, feti ng for 
conpattmenls &c, larger than a fcotia, bat not fo deep. 

Corgi-, in Fortification, is the entiance into a buf- 
tion, or a ravelin, or other out-work. 

The Gorc.f af a liii/lian, is what remains of the fide* 
of the polygon of a place, after cutting of!the curtains ; 
in which cale it makes an angle in the centre ol the baf- 
tion, viz, the angle made by two adjacent curtains 
produced to meet within the bullion. 

I11 flat bullions, the Gorge is a right line on the cur¬ 
tain, reaching between tin. two flanks. 

Gorcf of a Half moon, or of a Kavilin, is the fpuec 
between the two ends of their tacts next the place. 

Gokgf of the other Out-works, is the intcival be¬ 
tween their fides next the great ditch. 

All the Gorges are to he made without parapets: 
otlierwifc the beliegers, having tak^n poflefiion of a work, 
might make ufe of them to defend tliunlelvis from the 
fliot of the jilace. So that they are only fortified with 
pallifadocs, to prevent a lurpri/e. 

The JJemi-O orgf, or Half tlie Goner, is that 
part of the polygon between the flank and the centre 
of the hail ion. 

GOTHIC drehitetfrre, is that which deviates from 
the manner, chaiacier, propoitions, ^c, of the antique; 
having its ornaments wild and c-l’.imcricnl, and its pro¬ 
files incurred!. This manner of building came origi¬ 
nally from the North, whence it was brought, in tlie jth 
century, by the Goths into Germany, and has finee been 
introduced intoother countries. The lirll or moll ancient 
llyle ol Gothicbuilding was very folid, heavy, nulfivc and 
iimplc, with femicircular arches, fcc: but the more mo¬ 
dern llyle of the Gothic is exceedingly rich, light, aud 
delicate ; having an abundance of little w bimlical orna¬ 
ments, with fliatp-pointed arches funned bv the inter- 
fections of different circular fegments; alfo lofty and 
light fpircs and ftceples, large ramified windows, clul- 
tcml pillars, &c. Of this kind are our Englilh cathe¬ 
drals, and many other old buildings. 

GRADUATION,is ufedforthe adl ofGiaduating, 
or dividing any tiling into degrees. 

For an account of the various methods of Graduating 
mathematical and aflronomical inllrurnenls, by llraighf 
and circular diagonals, and by concentric arcs, & c; lee 
Plain Scalf., Nonius, and Vernier. And for an ac¬ 
count of Mr. Bird’s improved method pf dividing 
agronomical inftruments, lee Moral Jlrck. 

Mr. Ramfden, an ingeuiousmathematical inflrument- 
makcr of London, has lately publiflted, by encourage¬ 
ment of the commiflioners of longitude, an explanation 

and 
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Mid description of an engine contrived by him for 
dividing mathematical inftruments, accompanied with 
. proper drawings; in confulcration of which, the faid 
eommiflioners have granted to him the fum of 615/. 
See hiR book, 4m, 1777. 

. On the fubjeft of dividing a foot into many thou- 
fand parts, for mathematical purpofes, fee Philof. 
Tranf. vol. 2, p. 457, 459, 541, or A’br. vol. 1, pa. 
S18, 220, &e. And for an account of various other 
methods and Graduations, fee a paper of Mr. Smeaton’s 
in the Phflof. Tranf. vol. 76, for the year 178ft, p. 1 ; 
being “ Obfervations on the Graduation of aftronomi- 
cal inftruments ; with an explanation of the method in¬ 
vented by the late Mr. Henry Hindley, of York, clock- 
maker, to divide circles into any given number of 
pails.” 

GRAHAM (Gkorcf.), clock and watch maker, 
the moil ingenious and accurate artift in his time, was 
born at Gratwick, a village in the north of Cumber¬ 
land, in if»75. In ift88 he came up to London, and 
was put apprentice to a perfnn in that profeffion ; but 
after being l'ome time with his mailer, he was received, 
purely on account of his merit, into the family of the 
celebrated Mr. Tompion, who treated him with a kind 
of parental affection as long as he lived. That Mr. 
Graham was, without competition, the moil eminent 
of hisprofellion, is but a fmall part of his eliaradter : 
he was the bell general mechanic of his time, and had a 
complete knowledge of practical ailronomy ; fo that 
he not only gave to various movements for meafuring 
time a degree of perfection which had never before been 
attained, but invented feveral altronomieal inftruments, 
by which confiderahle advances have been made in that 
fcience : he made great improvements in thofe which 
had before been in life ; and, by a umnderful manual 
dexterity, conitrudted them with greater precifion and 
accuracy than any other perfon in the world. 

A great mural arch in the obfervatory at Greenwich 
was made for l)r. Halley, under Mr. Graham’s im¬ 
mediate infpedtion, and divided by his own hand : and 
from this incomparable original, the belt foreign inftru- 
mrnts of the kind are copies made by Englifh artiils. 
The fedtor by which Dr. Bradley firfl diicovered two 
new motions in the fixtd flars, was of his invention and 
fabric. He comprifcd the whole planetary fyftem 
within the compafs of a fmall cabinet j from which, as a 
model, all the modern orreries have been conllrudtrd. 
And when the French Academicians were fent to the 
north, to make obfervations for afeertaining the figure 
©f the earth, Mr. Graham was thought the fitted per¬ 
fon in Europe to fupply them with inftruments ; by 
which means they finifhed tlieir operations in one year ; 
while thofe who went to the fouth, not being fo well 
furnifhed, were very' much embarrafled and retarded in 
their operations. 

Mr. Graham was many years a member of the Royal 
Society, to which he communicated feveral ingenious 
and important difeoveries, viz, from the 31ft to the 
42c! volume of the Philof. Tranfaftions, chiefly on 
aftronomical and philofopliical fubjefts; particularly a 
kind of horary alteration of the magnetic needle ; a 
quickiilver pendulum, and many curious particulars re¬ 
lating to the true length of the iimple pendulum, upon 
• Vol. 1. 


which he continued to make experiments till almoff the 
year of his death, which happened in 1751, at 76- years 
of age. • 

His temper was not lefs communicative than his ge¬ 
nius w'as penetrating ; and his principal view was the 
advancement of fcience, and the benefit of mankind. 
As lie w'as perfectly iincere, he was above fufpicion ; 
and as he was above envy, he was candid. 

GRANADO, in Artillery, is a little (hell or hollow 
globe of iron, or other matter, which, being filled with 
powder, is fired by means of a fmall fufeei and thrown 
either by the hand, or a piece of ordnance. As foon as 
it is kindled, the cafe (lies in pieces, to the great clanger 
of all that (land near it. Granadoes ferve to fet fire to 
clofe and narrow paffages, and are often thrown with the 
hand among the foldiers, to diforder their ranks; more 
efpecially in thofe polls where they (land thickeft, as in 
trenches, redoubts, lodgments, & c. 

GRAVESANDE (William James), a very ce¬ 
lebrated Dutch mathematician and philofopher, was 
born at Bois-le-due, Sept. 27, 1688. He ftudied the civil 
law at Leyden, but mathematical learning was his fa¬ 
vourite aniufement. When he had taken his do&or’s 
degree, in 1707, he went and fettled at the Hague, 
where he praftifed at the bar, and cultivated an ac¬ 
quaintance with learned men ; with a Society of whom 
he puhlifhed a periodical Review, entitled Le 'Journal 
l.itterarre, which was continued without interruption 
from the year 1713 to the year 1722. The parts of 
it written or extracted by Gravefande were chiefly 
thofe relating to geometry and phyfics. But he en¬ 
riched it alfo with feveral original pieces entirely'of his 
own compofition ; viz. Remarks on the Conftrudtion of 
Pneumatieal Engines: A Moral Effay on Lying : 
And a celebrated Effay on the Collifion of Bodies; 
which, as it oppoled the Newtonian philofophy, was 
attacked by Dr. Clarke, and many other learned 
men. 

In 1715, when the States fent to congratulate 
George the tft, on his acceilion to the throne, Dr. 
Gravefande was appointed fccretary to the emhalfw 
During his (lay in England he was admitted a member 
of the Royal Society, and became intimately acquainted 
with Sir Ifaac Newton. On his return to Holland, he 
was cliofen profeflbr of mathematics and aftronomy at 
Leyden ; where lie had the honour of lirft teaching the 
Newtonian philofophy, which was then in its infancy', 
lit died in 1742, at 54 years of age. 

Gravefande was a man amiable in his private charac¬ 
ter, aud rcfpcCtable in his public one ; for few men of 
letters have rendered more eminent fervices to their 
country. The minifters of the republic confultcd him 
on all occafions when his talents were requifite to aflift 
them, which his (kill in calculation often enabled him 
to do in money matters. He was of great ferviee as a 
decipherer, in dcte&ing the feeret corrcfpondence of 
their enemies. A,ud in his civil profeftion none ever 
applied the powers of nature with more fucccfs, or to 
more ufcful purpofes. 

Of his publications, the principal are, 

1. An Introdu&ion to the Newtonian Philofophy j 
or, a Treatifc on the Elements of Phyfics, confirmed 
by Experiments. This performance, being only a more 

4 A perj&ct 
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ptorfeA copy of his public le&nres, waafirft printed* in 
.1720; and hath Cnee gone through many editions, with 
confiderabk improvements : the 6th edit, is in Englifh, 
»n^ large vols. 4m, by Dr. Defaguliers, in 1747, under 
the title of Mathematical Elements of Natural Philofo- 
ph,y, confmnedby Experiments. 

2. A treatife on tire Elements of Algebra, for the 
ule of\cuing Students ; to which is added a Specimen 
oi a Commentary on Newton’s Univerfal Arithmetic ; 
as alto, A New Rule ior determining the Form of an 
A Hu rued Infinite Series. 

3. An Eflay on Perfpettive. This was written at 
19 years of age. 

4. A New Theory of the Collidon of Bodies. 

5. A Courfe of Logic and Mctaphyfics. 

With fevtral fmaller pieces. 

PI is whole mathematical and philofophical works, 
except the lirft article above, were collected and pub- 
lilhed at Amrtcrdam, in 2 vols. 4to, to which is prefix¬ 
ed a critical account of his life and writings, by Pro- 
feflbr Allamand. 

GRAVITATION, the exercife of gravity, or the 
prelfure a body exerts on another body beneath it by 
the power of gravity. 

This is fometimes diftinguifhed from gravity. Thus 
M. Maupertuis, in his Figure de la Ferre, takes gravity 
for that force by which a body would fall to the earth 
fuppofed at reft ; and Gravitation for the fame, but di- 
minifhed by the centrifugal force. It is only Gravita¬ 
tion, or gravity thus blended with the centrifugal force, 
that we can uiually meafure by our experiments. Me¬ 
thods however have been found to diftinguifh what re¬ 
mains of the primitive gravity, and what has been de- 
llroyedby the centrifugal force. 

It is one of the laws of nature, discovered by New¬ 
ton, and now received by all philofopliers, that every 
particle of matter in nature gravitates towards every 
other particle ; which law is the main principle in the 
Newtonian philofophy. But what is called Gravitation 
with refpett to the gravitating body, is ufually called 
attraction with refped to the body gravitated to. The 
planets, both primary and fccondary, as alfo the comets, 
do all gravitate towards the fun, and towards each 
other ; as well as the fun towards them ; and that in 
proportion to the quantity of matter in each of them. 

The Peripatetics &c hold, that bodies only gravitate 
or weigh when out. of their natural places, and that 
Gravitation etafes when they arc reftored to the fame, 
the pnrpofc of nature being then fulfilled: and they 
maintain that the final cniifr of t Iris faculty is only to 
tiring elementary bodies to their proper place, where 
they may reft. But the modemsfticw that bodies exercife 
gravity even when at reft, and in their proper places. 
This is particularly fluv/n of fluids ; and it is one of the 
laws of iiydroflatics, demonflrated by Boyle and others, 
that fluids gravitate in proprio loco, the upper parts 
prefling on the lower, &c. 

For ; he laws of Gravitation of bodies in fluids fpe- 
eifically lighter or heavier than thcmfelves, fee Speci¬ 
fic Gr avity. Alfo for the centre or line or plane of 
Gravitation, fee Centre, Line, or Plane. 

GRAVITY, in Phyflcs, the natural tendency or 
inclination of bodies towards the centre. And in this 
fenfe Gravity agrees with Centripetal force. 
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Gravity however is, by fume, defined more generally 
as the natural tendency of one body towards another f 
and again by others lull more generally as the mutual 
tendency of each body, and each particle of a body, to¬ 
wards all others : in which fenfe the word anfwers to 
what is more ufually called Attraction. Indeed the 
terms Gravity, weight, centripetal force, aud attrac¬ 
tion, denote in effect all the fame thing, only in dif¬ 
ferent view’s and relations; all which however it is very 
common to confound, and ufe promifcuoufly. But, in 
propriety, when a body is coufidcred as tendiug to¬ 
wards the earth, the force with which it fo tends is 
called Gravity, Force of Gravity, or Gravitating 
Force; when the body is confidcrcd as immediately 
tendiug to the centre of the earth, it is called Centripetal 
Force; hut when we eonfider the earth, or mats to 
which the body tends, it is called Attraction, or Attrac¬ 
tive Force; and when it is coniidered in refped of an 
obftaclc or another body in the way of its tendency, 
upon which it alts, it is called Weight. 

Philofopliers think differently on the fubjeCt of Gra¬ 
vity. Some eonfider it as an inactive property or innate 
power in bodies, by which they endeavour to join their 
centre. Others bold Gravity in this fenfe to be an 
occult quality, and to be exploded as fuck out of all 
found philofophy. Newton, though he often calls it a 
vis, power, or property in bodies, yet explains lumfelf, 
that he means nothing more by the word but the effect 
or phenomenon : he does not eonfider the principle, the 
caufc by which bodies tend downwards, but the ten¬ 
dency itfclf, which is no occult quality, but a fenfible 
phenomenon, be its caufes what they may ; whether a 
property cffuitial to body, as fume make it, or fupeiw 
added to it, as others; or even an impulfe of fome bo¬ 
dy from without, as others. 

It is a law of nature long obferved, that all bodies 
near the earth have a Gravity or weight, or a tendency 
towards its centre, or at leaf! perpendicular to its fur- 
face ; which law the moderns, and cfpeeially Sir I. 
Newton, from certain obfervations have found to be 
much more exteufn e, nod holding uni vcrfally with rc- 
fpeCt to all known bou ts and matter in nature. It is 
therefore at prefent acknowledged as a principle or law 
ofnaturc, that all bodies, and all the particles of all 
bodies, mutually gravitate towardb each other: from 
which fingle principle it is that Newton has happily de¬ 
duced all the great phenomena of nature. 

Hence Gravity may he diftinguifhed into Particular 
and General. 

Particular Gravity, is that which refpefts the 
earth, or by which bodies delceml, or tend towards tl\js 
centre of the earth ; the phenomena or propeities of 
which are as follow : 

1. All circunitciTeftrial bodies do hereby tend to¬ 
wards a point, which is cither accurately or very nearly 
the centre of magnitude of the terraqueous globe. Not. 
that it is meant that there is really any virtue or charm 
in the point called the centre, by which it at trails bo¬ 
dies ; but beeaufe this is the refult of the gravitation, 
of bodies towards all the parts of which the earth, 
coulifts. 

2. This point or centre is fixed within the earth, or 
at leaf! has been fo far as any authentic hiftory reaches. 
For a confequencc of its fluffing, though ever fo little, 

would 
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would be the overflowing of the low lands on that fide 
of the globe towards which it {hould approach. Dr. 
Halley fuggefts, that it would well account for the 
univerfal deluge, to have the Centre of gravitation re¬ 
moved for a time towards the middle of the then in¬ 
habited world; for the change of its place but the 
zocoth part of the radius of the earth, or about 2 miles, 
would be fufiicient to lay the tops of the higheit hills 
under water. 

3. In all places equidiftant from the centre of the 
earth, the force of Gravity is nearly equal. Indeed all 
parts of the earth’s furface are not at equal diitances 
from the centre, hecaufe the equatorial parts are higher 
than the polar parts by about 17 miles; as has been 
proved by the ncceflity of making the pendulum fhorter 
in thofe places, before it will fwiug leconds. In the 
new Petcrfiuirg TratifaClions, vol. 6 and 7, M. KrafFt 

{ fives a formula for the proportion of Gravity in different 
atitudes on the earth’s furface, which is this; 

y = (1 4- 0*00^2848 fine */.)» ; 
where g denotes the Gravity at the equator, and y the 
Gravity under any other latitude A. On this iubjcit, 
fee alfo the articles Degree, and Earth. 

4. Gravity equally affeds all bodies, without regard 
either to their bulk, figure, or matter: fo that, ab- 
ftradting from the refinance of the medium, the moil 
compact and loofe, ithe greateft. and fmalleil bodies 
would all defeend through an equal fpace in the fame 
time; as appears from the quick defeent of very light 
bodies in an exhauiled receiver. The fpace which 
bodies do adtually fall, in vacuo, is l6 r 'j feet in the 
firll fecond of time, in the latitude of London ; and 
for other times, either greater or lefs than that, tire 
l'paces descended from reft are diredlly proportional to 
the fquarcs of the times, while the falling body is not 
far from the earth’s furface. 

$■, This power is the greateft at the earth’s furface, 
from whence it decrcafes both upwards and downwards, 
but not both ways in the fame proportion ; for up¬ 
wards the force of Gravity is kfs, or decreafes, as the 
fquare of the diftancc from the centre increafes, fo that 
at a double diilance from the centre, above the furface, 
the force would be onlv i-4th of what it is at the fur¬ 
face ; but below the Surface, the power decreafes in 
fiicli fort that its intenfity is in the direct ratio of the 
diilance from the centre ; fo that at the diilance of 
half a femidiameter from the centre, the force would 
t be but half what it is at the furface j at ^ of a femi¬ 
diameter the force would be 4, and fo on. 

6. As all bodies gravitate towards the earth, fo does 
the earth equally gravitate towards all bodies ; as well 
as all bodies towards particular parts of the earth, as 
hills, &c, which has been proved by the attraction a hill 
has upon a plumb line, infeniibly drawing it aiule— 
Hence the gravitating force of entire bodies confitts of 
thofe of all their parts: for by adding or taking away 
■any part of the matter of a body, its Gravity is in¬ 
creased or decrcafed in the proportion t f the quantity 
of fuch portion to the. whole mafs. Hence alfo the 
gravitating powers of bodies, at the fame diilance from 
the centre, are proportional to the quantities of matter 
in the bodies. 

General or Univerfal Gravity, is that by which all 
the planets tend to one another, and indeed by which 


all the bodies and particles of matter in the untvcrfe 
tend towards one another. 

The cxiilence of the fame principle of Gravitation 
in the fuperior regions of the heavens, as on tire earth, 
is one of the great difeoveries of Newton, who made 
the proof of it as eafy as that on the earth. At firft 
it would feem this was only conje&ure with him : he 
obferved that all bodies near the earth, and in its at- 
mofphere, had the property of tending direilly towards 
it ; he foon conjectured that it probably extended 
much higher than any diftancc to which we could 
reach, or make experiments; and fo on, from one 
diftancc to another, till he at length faw no reafon why 
it might not extend as far as to the moon, by means 
of which (he might he retained in her orbit as a ftone 
in a fling is retained by the hand ; and if fo, he next 
inferred why might not a fimilar principle exift in 
the other great bodies in the univerfe, the fun and all 
the other planets, both primary and fecondary, which 
might all be retained in their orbits, and perform their 
revolutions, by means of the fame univerfal principle of 
gravitation. 

Thefe conjectures he foon realized and verified by 
mathematical proofs. Kepler had found out, by contem¬ 
plating the motions of the planets about the fun, that 
the area deferibed by a line connecting the fun ami 
planet, as this revolved in its orbit, was always propor¬ 
tional to the time of its defeription, or that it deferibed 
equal areas in equal times, in whatever part of its orbit 
the planet might be, moving always fo mud) the quicker 
as its diilance from the* fun was lefs. And it is alfo 
found that the iutcllitcs, or fecondary planets, refpect 
the fame law in revolving about their primaries. But 
it was foon proved by Newton, that all bodies moving 
in any curve line deferibed on a plane, and which, by 
radii drawn to any certain point, deferibe areas about 
the point proportional to the times, are impelled or¬ 
acled on by iome power tending towards that point. 
Confequcntly the power by which all thefe planets re¬ 
volve, and are retained in their orbits, is directed to the 
centre about which they move, viz, the primary planets 
to the fun, and the iatcllites to their feveral primaries. 

Again, Newton demonftrated, that if feveral bodies 
revolve with an equable motion in feveral circles about 
the fame centre, and that if the fquarcs of their pe¬ 
riodical times be in the fame proportion as the cubes 
of their diitances from the common centre, then the 
centripetal forces of the revolving bodies, by which 
they tend to their central body, will he in the recipro¬ 
cal or inverfe ratio of the fquarcs of the diitances. Or 
if bodies revolve in orbits approaching to circles, and 
the ajjfes of thofe orbits be at reft, then alfo the centri¬ 
petal forces of the revolving bodies will be reciprocally 
proportional to the fquarcs of the diilanccs. But it 
had been agreed on by the aftronomers, and particularly 
Kepler, that both thefe cafes obtain in all the planets. 
And therefore he inferred that the centripetal forc.es 
of all the planets are reciprocally proportional to t{ie 
fquares of the diilanccs from the centres of their orbits. 

Upon the whole it appears, that the planets are re¬ 
tained in their orbits by fome power which is conti¬ 
nually acting upon them : that this power is directed 
towards the centre of their orbits : that the intenifyy 
or efficacy of this power increafes upon an approach 
4 A a . t towards 
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towards the centre, and diminilhcs on receding from 
the fame, and that in the reciprocal duplicate ratio of 
the dillances: and that, by comparing this centripetal 
force of the planets with the force of gravity on the 
earth, they are found to he ptrfeftly alike, as may 
enfily he (hewn in various inilances. For example, in 
the cafe of the moon, the nearell of all the planets. 
The reftilinear fpaces described in any given tifne by 
a falling body, urged by any powers, reckoning from 
the beginning of its defeent, are proportional to thofe 
powers. Confequently the centripetal force of the 
moon revolving in her orbit, will be to the force of 
Gravity on the furface of the earth, as the fpace which 
the moon would deferibe in falling during any fmall 
time, by her centripetal force towards the earth,*if fhe 
had no circular motion at all, to the fpace a body near 
the earth would deferibe in falling by its Gravity to¬ 
wards the fame. 

Now by an eafy calculation of thofe two fpaces, it 
appears that the former force is to the latter, as the 
fquare of the femi-diaineter of the earth is to the 
fquare of that of the moon's orbit. The moon’s cen¬ 
tripetal force therefore is equal to the force of Gravity ; 
and confequently thefe forces are not different,, but 
they are one and the fame: for if they were different, 
bodies a£led on by the two powers conjointly would 
fall towards the earth with a velocity double to that 
arifing from the foie power of Gravity. 

It is evident therefore that the moon’s centripetal 
force, by which The is retained in her orbit, and pre¬ 
vented from running off in tangents, is the very power 
of Gravity of the earth extended thither. Sec New¬ 
ton’s Princip. lib. I, prop. 45, cor. 2, and lib. 3, prop. 
3 ; where the numeral calculation may be feen at full 
length. 

The moon therefore gravitates towards the earth, and 
reciprocally the earth towards the moon. And this is 
alfo farther confirmed by the phenomena of the tides. 

The like rcafonfng may alfo be applied to the other 
planets. For as the revolutions of the jvrimary planets 
round the fun, and thofe of the fatellites of Jupiter and 
Sal uni round their primaries, are phenomena of the 
lame kind wilh the revolution of the moon about the 
earth; and as the centripetal powers of the primary 
are directed towards the centre of the fun, and thofe 
of the laltllites. towards the centres of their primaries ; 
and-laftly as all thefe powers are reciprocally as the 
fquares of the diftances from th« centres, it may fafely 
be concluded that the power and caule are the fame in all. 

Therefore, as the moon gravitates towards the earth, 
and the earth towards the moon; fo do all the feeon- 
daries to their primaries, and thefe to their fivondariis; 
and fo alfo do the primaries to the fun,. and the fun to 
the primaries. Newton’s Princip. lib:' 3, prop. 4, 5, 
6; Greg. Aftron. lib. 1, feft. 7, prop. 46 and 47. 

The Taws of Univerfal Gravity are the fame as thofe 
pf bodies gravitating towards the earth, before laid 
down. 

C.aufe of Gravity. Various theories hare been ad¬ 
vanced by the philofophers of different ages to account 
for this grand principle of Gravitation. The ancients, 
who were only acquainted with particular Gravity, or 
the tendency of lublunar bodies towards the earth, 
aimed no farther than a fyftem that might anfwer the 
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more obvious phenomena of it. However, fome hints 
are found concerning the Gravitation of celdlial bodies 
in the account given of the dodrine of Thales and his 
fuceeffors; and it would 1’e.cm that Pythagoras was 
(lil! better acquainted with it, to which it is fuppofed 
he had a view in what he taught concerning the Har¬ 
mony <>f the Spheres. 

Aril)otic and the Peripatetics content themfelves 
with referring Gravity or weight to a native inclination 
in heave- bodies to be in their proper place or fpliere, 
the centre of thi: earth. A nd Copernicus aferibes it 
to an innate principle in all parts of matter, by which, 
when feparated from their wholes, they endeavour , to 
return to them again the nearell way. In anfwer to 
Ariftotle and his followers, who confidercd the centre 
of the earth as the centre of the univerfc, he ohferved 
that it wan rcafonable to think there was nothing pe¬ 
culiar to the earth in this principle of Gravity ; that 
the parts of the fun, moon, and liars tended likewife to 
each other, and that their lpherieal figure was prefervod 
in their various motions by this power. Copern. Kevol. 
lib. I, cap. y. But neither of thefe fyllemsaliigns any 
phylical caufc of this great effect: they only amount to 
this, that bodies defeend bccaufc they are inclined to 
delceud. 

Kepler, in his preface to the commentaries concern¬ 
ing the planet Mars, fpeaks of Gravity as of a power 
that was mutual between bodies, and fays that the 
earth and moon tend towards each other, and would 
meet in a point fo many times nearer to the earth than 
to the moon, as the earth is greater than the moon, 
if their motions did not hinder it. lie adds, that 
\he tides arife from the Gravity of the waters to¬ 
wards the moon. To him we alio owe the important 
difeovery of the analogy between the dhlanccs of the 
fcveral planets from the fun, and the periods in which 
they complete their revolutions, vi/, that tiic fquares 
of their periodic times are always in the lame pro¬ 
portion as the cubes of their mean diftanccs from 
the fun. However, Kepler, Gaffendi, Gilbert, and 
otl iers, nferibe Gravity to a certain magmlic attraction 
of the earth ; conceiving the earth to be one great 
magnet continually emitting trtluMa, which take hold 
of all bodies, and draw them towards the earth. Hut 
this is inconfiftent with the fcveral phenomena. 

lies Cartes and his followers, Rohault &c, attribute 
Gravity to an external impuife or trufion of form: fub- 
tle matter, liy the rotation of the earth, fay they, all 
the parts and appendages of it necellarily endeavour to 
recede from the centre of rotatiou ; but whence they 
cannot all actually recede, as there is 110 vacuum or 
fpace to receive them. But this hypotluifis, founded 
on the fuppoiition of a plenum, is ov» rthrown by what 
has been ftnee proved of the cxiflence of a vacuum. 

l)r. Hook inclines to an opinion much like that of 
Des Cartes. Gravity he thinks deducihle from the 
a&ion of a mod fubtle medium, which calily pervades 
and' penetrates the moll folid bodies ; and which, by 
fome motion it has, detrudes all earthly bodies from it, 
towards the centre of the earth. Vofiius too, and 
many others, give partly into the Cartefian notion, and 
fuppofe Gravity to arife from the diurnal rotation of 
the earth round - its axis. 

Dr. Halley, defpairin$ of any fatufa&ory theory, 
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ehoofcs to have immediate recourfe to the agency of 
the Deity. So Dr. Clarke, from a view of feveral 
properties of Gravity, concludes that it is no adventi¬ 
tious cfl'cft of any motion, or fubtic matter, but an 
original and general law imprefled by God on all mat¬ 
ter, and preferred in it by fome efficient power pene¬ 
trating the very lolid and intimate fubftance of it; 
being found always proportional, not to the furfaces of 
bodies or corpuiclcti, but to their folid quantity and, 
contents. It fl.ould there r ore be no more inquired 
why bodies gravitate, than how they came to be firft 
put in motion. Aunot. in Kohault. Phyf. part I, cap. 
SI. 

Gravefandc, in his Introdudl. ad Philof. Newton, 
contends that the caufc of Gravity is utterly unknown; 
and that we arc to coniidcr it no otherwife than as a 
law of nature originally and immediately imprefled by 
the Creator, without any dependence on any fecond 
law or caufe at all. Of this he thinks the three fol¬ 
lowing coniiderationsfufficicnt proof. I. That Gravity 
requires the prefence of the gravitating or attracting 
body : fo the fatdlitesof Jupiter, for ex. gravitate to¬ 
wards Jupiter, wherever he may be. 2 . That the 
dillance being fuppofed the fame, the velocity with 
which bodies are moved by the force of Gravity, de¬ 
pends on the quantity of matter in the attracting body : 
and the velocity is not changed, whatever the mafs of 
the gravitating body may be. 3. That if Gravity do 
depend on any known law of motion, it muft be fome 
impulfc from an extraneous body ; fo that as Gravity 
is continual, a continual ilroke muft alfo be required. 
Now if there be any fuoli matter continually llriking on 
bodies, it muft be fluid, and fubtle enough to penetrate 
the lubitanee of all bodies: but how (hall a body fubtle 
enough to penetrate the fubftancc of the hardeft bodies, 
and fo rare as not fenlibly to hinder the motion of 
bodies, be able to impel vail mattes towards each other 
with fuch force ? how does this force incrcafe the 
ratio of the mafs of the body, towards which the other 
body is moved ? whence is it that all bodies move with 
the fame velocity, the diftance and body gravitated to 
being the fame ? can a fluid which only acts on the 
furface either of the bodies tbemftlves, or their internal 
particles, communicate fuch a quantity of motion to 
bodies, which in all bodies (liall exactly follow the pro¬ 
portion of the quantity of matter m them ? 

Mr. Cotes goes yet farther. Giving a view of New¬ 
ton’s phiiofophy, he afierts that Gravity is to be ranked 
among the primary qualities of all bodies ; and deemed 
equally cflential to matter as exteniion, mobility, or 
impenetrability. Prsefat. ad Newt. Priueip. But 
Newton himfelf difclaims this notion; and to fhew 
that be does not take Gravity to be eflential to bodies, 
he declares his opinion of the caufe ; chooling to pro- 
pofe it by way of query, not being yet fufficiently 
latisfled about its experiments. Thus, after having 
fticwn that there is a medium in nature vaftly moie 
fubtle than air, by whofe vibrations found is propa¬ 
gated, by which light communicates heat to bodies, 
and by the different dcnfllies of which the reflation 
and reflection of light are performed; he proceeds to 
inquire : “ Is not this medium much rarer within the 
deni'e bodies of the fun, liars, planets, and comets, than 


in the empty qeleftial fpaces between them ? and in 
palling from them to greater diftances, doth it uot grow 
denfer and denfer perpetually, and thereby caufc the 
Gravity of thofe great bodies towards one another, and 
of their parts towards the bodies; every body endea¬ 
vouring to recede from the deufer parts of the medium 
towards the rarer ? 

For if this medium be fuppofed rarer within the 
fun’s body than at its furface, and rarer there than at 
the hundredth part of an inch from his body, and rarer 
there than at the lifticth part of an inch from his body, 
and rarer there than at the orb of Saturn; I fee no reafon 
why the incrcafe of deuiity fliould ftop any where, and 
not rather be continued through all dillances from the 
Sun to Saturn, and beyond. 

And though this incrcafe of denlity may at great 
diftances be exceeding flow ; yet if the elaftic force of 
this medium be exceeding great, it may fufficc to impel 
bodies from the denfer parts of the medium towards 
the rarer with all that power which we call Gravity. 

And that the elaftic force of this medium is exceed¬ 
ing great, may be gathered from the fwiftnefs of its 
vibrations. Sounds move about 1140 Englilh feet in 
a fecond of time, and in feven or eight minutes of time, 
they move about one hundred Englilh miles: light 
moves from the Sun to us in about feven or eight 
minutes of time, which diftance is about 70000000 
Englilh miles, fuppoflng the horizontal parallax of the 
Sun to be about twelve fecouds ; and the vibrations, 
or pulfcs of this medium, that they may caufe the al¬ 
ternate fits of cal’y tranfmiffion, and eafy reflection, 
muft be fwiftcr than light, and by confequence above 
700000 times fwiftcr than founds; and therefore the 
elaftic force of this medium, in proportion to its dead¬ 
ly, muft be above 700000 X 700000 (that is, above 
490000000000) times greater than the elaftic force of 
the air is in proportion to its denlity : for the veloci¬ 
ties of the pulfcs of clallic mediums are in a fubdupli- 
cate ratio of the elafticities and the rarities of the me¬ 
diums taken together. 

As Magnetifm is ftronger in final! Ioadftoncs than in 
great ones, inpropoition to their bulk ; and Gravity is 
ftronger on the furface of finall planets, than thofe of 
great ones, in proportion to their bulk; and fmall 
bodies are agitated much more by cledtric attraction 
than great ones : fo the fmallnefs of the rays of light 
itiav contribute very much to the power ol the agent 
by which they are refracted ; and if any one ihould 
fuppofe, that aether (like our air) may contain particles 
which endeavour to recede from one another (for I do 
not know what this aether is), and that its particles arc 
exceedingly fmaller than thofe of air, or even than thofe 
of light; the exceeding fmalluefs of fuch particles may 
contribute to the greatnefs of the force, by which they 
recede from one another, and thereby make that me¬ 
dium exceedingly more rare and elaftic than air, and of 
confequence, exceedingly lefs able to refill the motions 
of projeCtiles, and exceedingly more able to prefs upon 
grofs bodies by endeavouring to expand itfclf.” Op¬ 
tics, p. 325 See. 

Gravity, in Mechanics, denotes the conatus or 
tendency of bodies towards the centre of the earth.— 
That part of mechanics which confidjers the equilibrium 

or 
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or motion of bodies arifing from Gravity ot weight, is 
particularly called ftatics. 

Gravity in this view is diftinguifhed into Abfolute 
and Relative. 

yIbfolute Gratity is that with which a body defeends 
freely and perpendicularly through an unrciilling me¬ 
dium. The laws of which fee under Descent or 
Eopits, Acceleration, Motion, &c. 

Refaiive Gravity is that wilh which a body de¬ 
feends on an inclined plane, or through a refilling me¬ 
dium, or as oppolcd by fome other refiftance. The 
laws of which lee under the articles Inclined Plane, 
Descent, Fluid, Resistance, & c. 

Gravity, in Hydroflarics. The laws of bodies 
gravitating in Fluids make the buiinefs of Hydrofla- 
ll'cs. 

Gravity is here divided into Abfolute and Specific. 

sH>l'o/ute or "True Gravity, is the whole force with 
wliicli the body tends downwards. 

Specific Gravity, is the relative, comparative, or 
apparent Gravity in any body, in refpeft of that of 
an equal bulk or magnitude of another body; denot¬ 
ing that Gravity or weight which is peculiar to each 
tpedes or kind of body, and by which it is diftinguifhed 
from all other kinds. 

In this fenfc a body isfaid to be Specifically Heavier 
than another, when under the fame bulk it contains a 

f jreater weight than that other; and reciprocally the 
atter is laid to be Specifically Lighter than the form¬ 
er. Thus, if there be two equal fpheres, each one foot 
in diameter ; the one of lead, and the other of wood: 
finer the leaden one is found heavier than the wooden 
one, it is faid to be Specifically, or in Specie, Hea¬ 
vier ; and the wooden one Specifically Lighter. 

This kind of Gravity is by fome called Relative ; in 
oppofition to Abfolute Gravity, which increafes in pro¬ 
portion to the quantity or mafs of the body. 

Laws of the Specific Geapity of bodies. 

I. If two bodies be equal in bulk, their fpecific gra¬ 
vities are to each other as their weights, or as their 
denfities. 

II. If two bodies be of the fame fpecific gravity or 
denfity, their abfolute weights will be as their magni¬ 
tudes or bulks. 

III. In bodies of the fame weight, the fpecific gra¬ 
vities are reciprocally as their bulks. 

IV. The fpecific gravities of all bodies are in a ra¬ 
tio compounded of the direct ratio of their weights, 
and the reciprocal ratio of their magnitudes. And 
hence wain the fpecific gravities are as the denfities. 

V. The abfolute gravities or weights of bodies are 
in the compound ratio of their fpecific gravities aiul 
magnitudes or bulks. 

VI. The magnitudes of bodies are dire&ly as tliefr 
weights, and reciprocally as their fpecific gravities. 

VII. A body fpccifically heavier than a fluid, lofes 
at much of its weight when immerfed in it, as is equal 
to the weight of a quantity of the fluid of the fame 
bulk or magnitude. 

Hcncc, fincc the Specific Gravities arc as the abfo- 


lute gravities under the fame bulk ; the Specific Gra¬ 
vity of the fluid, will be to that of the body immerged, 
as the part of the weight loft by the folid, is to the 
whole weight. 

And hence the Specific Gravities of fluids are as the 
weights loft by the fame folid immerged in them. 

VIII. To find the Specific Gravity of a Fluid, or of 
a Solid.—On one arm of a balance fufpend a globe of 

. lead by a fine thread, and to the other fallen an equal 
weight, which may juft balance it in the open air. 
Iminerge the globe into the fluid, and obferve what 
weight balances it then, and confequeutly what weight 
is loft, which is proportional to the Specific Gravity 
as above. And thus the proportion of the Specific 
Gravity of one fluid to another is determined by im- 
merfing the globe fucceffively in all the fluids, and ob- 
ferving the weights loft in each, which will be the pro¬ 
portions of the Specific Gravities of the fluids fought. 

This fame operation determines alfo the Specific 
Gravity of the folid immerged, whether it be a globe 
or of any other fhape or bulk, fuppofing that of the 
fluid known. For the Specific Gravity of the fluid 
is to that of the folid, as the weight loll is to the whole 
weight. 

Hence alfo may be found the Specific Gravity of a 
body that is lighter than the fluid, as follows : 

IX. To find the Specific Gravity of a Solid that it 
lighter than the fluid, as water, in which it is put.— An¬ 
nex to the lighter body another that is much heavier 
than the fluid, fo as the compound mafs may fink in 
the fluid. Weigh the heavier body and the compound 
mafs feparately, both in water and out of it; then find 
how much each lofes in water, by fubtrafting its weight 
in water from its weight in air ; and fub trait the lefs 
of thefe remainders from the greater. 

Then, As thiB laft remainder, 

Is to the weight of the light body in air. 

So is the Specific Gravity of the fluid. 

To the Specific Gravity of that body. 

X. The Specific Gravities of bodies of equal weight, 
arc reciprocally proportional to the quantities of weight 
loft in the fame fluid. And hence is found the ratio 
of the Specific Gravities of folids, by weighing in the 
fame fluids, mafTes of them that weigh equally in air, 
and noting the weights loll by each. 

The Specific Gravities of many kinds of bodies, both 
folid and fluid, have been determined by various au¬ 
thors. Marinus Ghetaldus particularly tried the Spe¬ 
cific Gravities of various bodies, efpecially metals; 
which were taken from thence by Oughtred. In the 
Philof. Tranf. are feveral ample tables of them, by va¬ 
rious authors, particularly thofe of Mr. Davis, vol. 45, 
p. 416, or Abr. vol. 10, p. 206. Some tables of them 
were alfo publifhed by P. Merfennc, Mufchenbrocck, 
Ward, Cotes, Emerion, Martin, &c. 

It will be fuificient here to give thofe of fome of 
the moft ufual bodies, that have been determined with 
the greater certainty. The numbers in this table ex- 
prefs the number of Avoirdupois ounces in a cubic foot 
of each body, that of common water being juft 1000 
ounces, or 62 j lb. 
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* • ■ Tjuim of Sneme Gxjrttrts, 

I> SoliJt. 

Flatina, pure • 

Fine gold - . * 

Standard gold • 

Lead - 

Fine Silver - * 

Standard Silver - - 

Copper 

Copper halfpence - - 

Gun metal - 

Fine brafa - ... 

Caft brafs ..... 

Steel - - - 

Iron - ... 

Pewter - ... 

Call Iron .... 

Tin - 

Lapis calaminaris - 
Loadltone - ... 

Mean of the whole Earth 
Crude Antimony .... 

Diamond ... • 

Granite - 

White lead .... 

Maud cryftal - - 

Marble . - - 

Pebble Rone - 

Jafper .... 

Rock cryftal - ... 

Peatl - .... 

Green glafs .... 

Flint - ... 

Onyx ftone - 

Common ftone - - 

Cryftal - - 

Clay - ... 

Oylter {hells ... 
Brick - - - 

Common earth ... 

Nitre *. 

Vitriol - - 

Alabafter .... 

Horn .... 

Ivory - ----- 

Sulphur - 

Chalk - 

Solid gunpowder ... 

Alum - 

Dry bone ..... 

Human calculus - •> - -, • 

Sand - - - 

Lignum vitas - - - 

Coal. 

Jet ....... 

Ebony - ... 

Pitch .... 

Rofiu .... 

Mahogany ..... 

Amber - - 

Brazil wood - - * 

Boxwood - 

Common water - ... 


[ 55 * ] 



Beeswax . 

Butter . 

Oak 

b * 

* m 

• 0 

m 

959 

940 

9*5 

23000 

Gunpowder, fhaken 

0 

0 

93s 

19640 

18888 

Logwood . 

Ice - 

m m 

• m m 

' m 

m 

£1 

**325 

Afh - . 

• • 

m 

800 

11091 

Maple 

m m 

m 

753 

*0535 

Beech 

• rn 

• 

700 

9000 

Elm . 

0 • 

• 

600 

8915 

Fir 

«■ M 

m 

55 ® 

8784 

8350 

Saffafras wood 
Charcoal 

•■ • 

m- m 

* 

484 

8000 

Cork 

• * 

• 

X 

7850 

7645 

747 * 

New fallen fnovr 

» W-. 

II. Fluid,. 

a» 


74*S 

73*o 

5000 

4930 

4500 

4000 

35*7 

35 oo 

3160 

2720 

2705 

2700 

2666 

2650 

2630 

2600 

2570 

2510 

2500 

2210 

2160 

2092 

2000 

1984 

1900 

1880 

1874 

1840 

*82$ 

j8io 

*793 

*7+5 

*7*4 

1660 

*54* 

1520 

*3*7 

1250 

1238 

**77 

1150 

1100 

1063 

1040 

1031 

1030 

1000 


Quickfilver 
OH of Vitriol 
Oil of Tartar 
Hcjgey 

, Spirit of Nitre 
Aqua Foitis 
Treacle 
Aqua Regia 
Human blood 
Urine 

Cow’s milk 
Sea Water 
Ale- 

Vinegar 

Tar 

Water 

Diftilled Water 
Red Wine 
Proof Spirits 
Olive Oil 

Pure Spirits of Wine 
Oil of Turpentine 
.dither 

Common Air 

or very uearly 


X3600 

1700 

*55 » 
1450 

* 3*5 

1300 

1290 

**34 

1054 

*03* 

*031 

1030. 

1025 

1026 
1015 
1000 
993 
990 
93 * 
9*5 
866 
800 
726 

1-232 

*tV 


Thefe numbers'being the weight of a cubic foot, or 
>72^ cubic inches, of each of the bodies, in Avoirdu¬ 
pois ounces, by proportion the quantity in any other 
weight, or the weight of any other quantity, may be 
readily known. 

For ex. Required the content of an irregular block 
of common ftone which weighs l cwt, or U2lb, or 
1792 ounces. Here, as 2500: 1792 ;: 17281 1228^ 
cubic inches the content. 

Ex. 2. To find the weight of a block of granite, 
whofe length is 63 feet, and breadth and thickncfs each, 
12 feet; being the dimenfions of one of the ftones, of 
granite, in the walls of Bulbcck. Here, 63 X 12 x iz 
= 9072 feet is the content of the ftone; therefore as 
1 19072 11 3500 oz : 31752000 oz or 885 tons 18- 
cwt. 3 qrs. the weight of the ftone. 

XI. A body defeends in a fluid fpecifically lighter* 
or afeends in a fluid fpecifically heavier, with a force 
equal to the difference between its weight and that- 
of an equal bulk of the fluid. 

XIL A body finks in a fluid fpecifically heavier, fa 

far 
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far as that the weight of 4he body is equal to the 
weight of a quantit y of the fluid of the fame bulk as 
the part immerfi’d. Hence, as the Specific Gravity 
of the fluid is to that of the body, fo is the whole 
magnitude of the body, to the magnitude of the part 
immerfed. 

XIII. The Specific Gravities of equal folids are as 
their parts immerged in the fame fluid. 

The fevcral theorems here delivered, are both demon- 
flrablc from the principles of mechanics, and are alfo 
equally conformable to experiment, which anfwers ex- 
fcAly to the calculation ; as is abundantly evident from 
•■the courfes of philosophical experiments, fo frequently 
exhibited ; where the laws of fpccific gravitation are 
well ill ml rat ed. 

GREAT BEAR, one of the conftellations in the 
northern hentifphere. See Ursa Major. 

Great Circles, of the Globe or Sphere, arethofe 
whole planes pafs through the centre, dividing it into 
two equal parts or hetnifpheres, and therefore having 
the fame centre and diameter with the fpherc ill'll. 
The principal of tlirfe are, the equator, the ecliptic, 
the horizon, the meridians, and the two colures. 

Great-Circle Sailing, is the art of condu&ing 
a (hip along the arc of a great circle. And it is alio 
that part of the theory of navigation which’treats of 
failing in the arc of a great circle. See Navigation. 

GREAVES {John), an eminent ailronomer, an. 
tiquary andlinguill, was born in 1602, being the eldeft 
fon of John Greaves rector of Colemore, near Alresford 
in Hampfliire, ahd mailer of a grammar fehool, where 
his fon of courfe was well grounded in the primary 
rules of literature. He then went to Baliol college in 
Oxford, in 1617 ; hut afterward, on account of his (kill 
in philofophy and polite literature, he was the firft of 
five that were eledted into Merton college. Having 
read over all the ancient Greek and I .a tin writers, he 
applied to the ftudy of natural philofophy and mathe¬ 
matics ; and having contracted ail intimacy with Mr. 
Briggs, Savilian profefior of geometry at Oxford, and 
Dr. Bainhridgc, Savilian profefior of aftronomy there, 
he was animated. by their examples to profecute that 
Rudy with the great eft induilry ; and not content with 
reading the writings of Purbach, Regiomontanus, Co¬ 
pernicus, Tycho Brahe, Kepler, and other celebiytcd 
aftronomers of that and the preceding age, he made 
the ancient Greek, Arabian, and Perfian authors fami¬ 
liar to him, having before gained an accurate (kill in 
the oriental languages. Thefe accompliftimeuts pro¬ 
cured him the profefiorfhip of geometry in (rrefham- 
collcge London, in 1650 ; and at the fame time-he held 
his fcllowfliip of Merlon-college. 

In a journey to the Continent, in 1635, he vifited the 
celebrated Golius, profeflor of Arabic at Leyden, and 
Claud Hardy at Paris, to convcrfe about the Perfian 
language. Hence he palled through Italy, and accu¬ 
rately furveyed the venerable remains of antiquity at 
Rome, vifiting and correfponding everywhere with the 
moil learned men of every nation. After vifiting Pa¬ 
dua, Florence, and Leghorn, he lienee embarked for 
Conflantinople, where lie arrived in 1638. From thence 
he palTed over to Rhodes, and Alexandria in Egypt, 
where he (laid four or five months, and made a great 
juunber of curious* oblervalions. He next went to 


Grand Cairo, meafured the pyramids; and while there 
he adjulled the meafure of the foot, obferved by all na¬ 
tions. From hence he returned again through Italy, 
and arrived in England in the year 16+0, after ltoring 
his mind with a variety of curious knowledge, and 
coUc&ing many valuable oriental manulcripts and an¬ 
cient curiofities; and while at, Rome he made a parti¬ 
cular inquiry into tiie true ilatc of the ancient weights 
and mcafurcs. 

On the death of Dr. John Bainhridgc, in 1643, 
he was cliofcn Savilian profefior of allnraomy at Ox¬ 
ford, and principal reader of 1,inacre’s lecture in Me-- 
ton college ; an appointment for which he was eminent¬ 
ly qualified, from his critical acquaintance with the 
works of the ancient and modern ailronomers. In 1645 
he propos'd a method of reforming the calendar, by 
omitting the intercalary day for 40 years to come : 
the paper relating to which, was published by Dr. 
Thomas Smith, in the Philuf. Tranf. lor lG ,ij. In 
1646, lie publifiled his Pyramidographia, 01 a De- 
feription of the Pyramids of Egypt ; and, in 1»>47, 

. his Difcourfe on the Roman Foot and Denarius ; from 
which, as from two principles, the mcafure3 and 
weights ufed by the Ancients may be deduct’d. He 
alfo publilhed fevcral other curious works concerning 
antiquities, See. 

Soon after publifiiing the lall mentioned book, he 
was ejedled, by the parliament vilitors, from the pro- 
felforih’p of aftronomy and fcllowlhip of Mcrton-col- 
lege; and the foldiers committed 1 any outrages, 
breaking open his drfts, and dcitroying many of his 
manuferipts ; which greatly affcdled him. On this oc- 
cafion he retired to London, where he afterwards mar¬ 
ried, and profecuted his ftudies with great vigour, as ap¬ 
pears from fevcral 01 his philofophical and theological 
writings. This- however proved hut a tranficiit happi- 
nefs to him ; for he died at London, the 8th of Octo¬ 
ber 1652, before he was quite 50 years of age ; and 
left his aftronomical iiiftruments to the Savilian library 
in Oxford, where they are drnotited. 

GREEK Orders, in ArchitnSture, arc thc.Doric, 
Ionic and Corinthian , in contradiftindtion to the two 
Latin orders, viz the Tufcan and Coinpolite. 

GREEN, One of the original colours of the rays of 
light, or of the prifmatic colours exhibited by the re¬ 
fraction of the rays of liglrt. 

Green is the plcafanteft of all the colours to the fight. 
And licifte it has been inferred as a proof of the wif- 
dom and goodnefs of the Deity, that almotl all vege¬ 
tables, cloathing the ftirface of the earth, are green ; 
which they are when growing in the open air; though 
thofe in fubterraneous places, or places inaccefiiblc to 
frelh air, are white or yellow’. See Chromatics, and 
Colours. 

GREGORIAN Calendar, fo called from Pope 
Gregory the 13th, is the new or reformed Calendar, 
(hewing the new and full moons, with the time of Eaftcr, 
and the other moveable fcafts depending upon it, by 
means of epadls difpofed through the fevcral months of 
the Gregorian year. 

Gregorian Epochs is the epoch or time, from which 
the Gregorian calendar, or computation, took place. 
This began in the year 1582 ; io that the year 1800 
is the 218th of this epoch* 

Greco- 
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. Gregorian Telefcope , a particular fort of telefcope, 
invented by Mr. James Gregory. See Telescope. 

.. Gregorian Tear, the new account, or new ftyle, in¬ 
troduced upon the reformation of the calendar, by 
Pope Gregory the 13th, in the year 1582, and from 
whom it took its name. This was introduced to re¬ 
form the old, or Julian year, eJlahlifhcd by Julius Cse- 
iar, which confifted of 365 days 6 hours, or 365 days 
and a quarter, that is three years of 365 days each, 
and the fourth year of 366 days. But as the mean 
tropical year coniills only of 36yds jhrs 48m 57fee. the 
former loll 11 min. 3fec. every year, which in the time of 
Pope Gregory had amounted to 10 days, and who, 
by adding thefe 10 days, brought the account of time 
t > its proper day again, and at the fame time appoints 
cd that every century after, a day more fliould be add¬ 
ed, thereby making the years of the complete centu- 
1 ice, \>V. 1600, 1700, ;8oo, fee, to be common years 
of days each, inltead of leap years of 366 da vs, 
which makes the mean Gregorian year equal to 36yds 
5 hrs 45m. 76 lee. 

Tiii.i computation was not introduced into the ac¬ 
count of time in England, till the year 1752, when the 
1 ulian •iccm-iit had loll 11 days, and therefore the 3d 
of .;.'.it'mbrr was in that year, by adt of parliament, 
m counted the 14th, thereby reltoring the ii days 
which had I bus been omitted. See Year. 

GREGORY ( Jam fs), profefl'or of mathematics, 
hr ft. hi the univerfity of St. Andrews, and afterwards 
in that of Edinburgh, was one of the moil eminent 
mathematicians of the 17th century. He was a fon of 
the Rev Mr. John Gregory' miniftcr of Drumoak in 
the county of Aberdeen, and was horn at Aberdeen 
in N .cumber 1638. His mother war a daughter of 
Mr. Daiid Auderfon of I'inzaugh, 01 Finlliaugl), a 
gen leman who poflefled a lingular turn for mathema- 
ijeal and mechanical knowledge. This mathematical 
genius was hereditary in the family of.the Anderfons, 
and from them it feems to have been tranfmitted to 
their defeendants of the names of Gregory, Reid, &c. 
Alexander Andcrfon, coufin-gcnnan of the faid David, 
was profefl'or of mathematics at Paris in the beginning of 
the 1 7 th century, and publilhed there fevcralvaluable and 
ingenious works ; as may he feen in the memoirs of his, 
Kfe and writings, under the article Anderson. The 
mother of James Gregory inherited the genius of her 
family; and obfcrviiig in her fon, while yet a child, a 
Prone; pronuitity to mathematics, flie inllrudtcd him 
Urnell in the elements of that fcience. His education 
in the languages, he received at the grammar fchool ol 
Aberdeen, and went through the ui'ual courfc of aca¬ 
demical Undies in the Marifchal college ; hut he was 
chiefly delighted with philofophical rcfearches, into 
which a new door had lately been opened by the key 
of the mathematics. Galileo, Kepler, Des Cartes, 
See, were the great mailers of this new method : their 
works therefore became the principal lludy of young 
Gregory, who foon began to make improvements upon 
their difeoveries in Optics. The lirft of thefe improve¬ 
ments was the invention of the reflecting telefcope ; the 
conllrudtion of which inllrument he publilhed in his 
Optica Promota, in 1663, at 24 years of age. Thisdif- 
covery foon attracted the attention of the mathemati¬ 
cians, both of our own and of foreign countries, who 
• Vol. 1. 


immediately perceived its great importance to the 
fcienccs of optics and altronomy. But the manner of 
placing the two fpecula upon the fame axis appearing 
to Newton to he attended with the diladvautage si* 
lofing the central rays of the larger fpeculum, hepro- 
pofed an improvement on the inllrument, by giving, 
an oblique polition to the fmallcr fpeculum, and placing 
the eye-glals in the lide of the tube. It is obfervable 
however, that the Newtonian conftrudlion of that in-, 
11 rument was long abandoned for the original or Grego¬ 
rian, which is now always ufed when the inllrument 
is of a moderate lize; though Heri'chel has preferred 
the Newtonian form for the cdnllruction of tliofe im- 
menfe telefcopes, which he has of late fo fucctfafully 
employed in obfening the heavens. 

About the year 1664 or 1665, coining to London,' 
lie became acquainted with Mr. John Collins, whore- 
commended him to the bell optic glafs-griiulers there, 
to have his telefcope executed. But as this could not 
be done for want of Ikill in the artifts to grind a plate 
of metal lor the object fpeculum into a true parabo¬ 
lic concave, which the ilcfign required, he was much 
dilcouragcd with the difappointment; and after a few 
imperfect trials made with an ill-polilhed fphericul one, 
which did not fucceed to his wilh, he dropped the pur- 
luit, and relblv.d to make the tour of Italy, then the 
mart of mathematical learning, that he might profecute 
his favourite lludy with greater advantage. And the 
univerfity of Padua being at that time in high reputa¬ 
tion for mathematical lludies, Mr. Gregory fixed his re- 
lidence there for fume years. Here it. was that he pub- 
lifted, in 1667, Vera liircuU cl hyperbole .fuu/i ,il uni ; 
in which he propounded another difeovery i f hi., own, 
the invention of an infinitely converging (cries for i.he 
areas of the circle and hyperbola. He fent home a 
copy of tin’s work to his friend Mr. Collins, who com¬ 
municated it to the Royal Society, where it met with 
the commendations of lord Brounker and Dr. Wallis. 
He reprinted it at Venice the year following, to which 
he added a new work, entitled Geometric Pars l/nivrr • 
fills , wferviens Quaniilalttm Curvarum Tran ft n ut a It uni et 
Menfur.r ; in which he is allowed to have fliewn, for 
the firll time, a method foi the tranfmulation of curves. 
Thefe tvorks engaged the notice, and procured the au¬ 
thor the eorrefpondencc of the greatcll mathematicians 
of the age, Newton, Huygens, Wallis, and others. 
An account of this piece was alfo read by Mr. Collins 
before the Royal Society, of which Mr. Gregory, being 
returned from his travels, was chofcn a member the 
fame year, and communicated to them an account of a 
controverfy in Italy about the motion of the earth, 
which was denied by Riccioii and his followers.— 
Through this channel, in particular, he carried on a 
difputc with Mr. Huygens on the occalion of his treatife 
on the quadrature of the circle and hyperbola, to which 
that great man had llarted fomc objedtiona ; in the 
courfe of which our author produced fome improve¬ 
ments of his furies. But in this dilputc it happened, 
as it generally does on fuch occaiions, that the anta- . 
gonifts, though fetting out with temper enough, yet 
grew too warm in the combat. This was the cafe here, 
efpecially on the lide of Gregory, whofe defence was, 
at his own requeft, inferted in the Philofophical Tranf. 
udtiona. It is unnecoffary to enter into particulars ; 

4 B fufficc 



G ft £ [ 554 } GR K 


fuffice it therefore to fay that, in the opinion of Leibnitz, 
who allows Mr. Gregory the higheft merit for his ge¬ 
nius and difeoveries, M. Huygens has pointed out, 
though not errors, fome confiaerable deficiencies in 
the treatife above mentioned, and (hewn a much fimpler 
-method of attaining the fame end. 

Itt 1668, our author publifhed at London another 
work, entitled, Exercitationes Geometric*, which contri¬ 
buted (kill much farther to extend his reputation. About 
this time he w?3 eledted profeffor of mathematics in the 
univerfity of St. Andrew's, an office which he held for 
lix years. During his refidence there, he married, in 
1669, Mary, the daughter of George Jamefon, the ce¬ 
lebrated painter, whom Mr. Walpole has termed the 
Vandyke of Scotland, and who was fellow difciple with 
that great artiit in the fchool of Rubens at Ant¬ 
werp. 

In 1672, he published “ The Great and New Art 
of Weighing Vanity: or a Difcovery of the Ignorance 
and Arrogance of the Great and New Art i ft, in his 
Pfeudo-philofophical Writings. By M. Patrick Ma¬ 
thers, Arch-bcdal to the Univerfity of St. Andrews. 
To which are annexed fome Tentamina de Motu Pen- 
duli & Proje&oruni.” Under this afttmed name, our 
author wrote this little piece to expofe tlic ignorance 
of Mr. Sinclare, profdfor at Glafgow, in his hydrofla- 
tical writings, and in return for fome ill ufage of that 
author to a colleague of Mr. Gregory’s. The fame 
year, Newton, on his wonderful difeoveries in the na¬ 
ture of light, having contrived a new reflecting tele¬ 
fcope, and made fevcral objedlions to Mr. Gregory’s, 
this gave birth to a difpule between thofe two philofo- 
pliers, which was carried on during this and the fol¬ 
lowing year, in the moft amicable manner on both fides; 
Mr. Gregory defending his own conftru&ion, fo far, as 
to give his ant agon i ft the whole honour of having 
made the catoptric telefeopes preferable to the dioptric; 
and (hewing, that the imperfections in thefe inftrumerlta 
were not fo much owing to a defedl in the objeft fpccu- 
lum, as to the different refrangibility of the rays of light. 
In the courfc of this difputc, our author deferibed a 
burning coneave mirror, which was approved by New¬ 
ton, and is (till in good efteem. Several letters that 
paffed in tins difputc, are printed by Dr. l>efagnlicrs, 
in an Appendix to the Englifh edition of Dr. David 
Gregory’s Elements of Catoptrics and Dioptrics. 

Tn 1674, Mr. Gregory was called to Edinburgh, to 
fill the chair of mathematics in thtl univerfity*. This 
place he had held but little more than a year, when, 
in October 1675, being employed in flu wing lire fatel- 
litcs of Jupiter through_a telefcope to fome of his pu¬ 
pils, he was fuddeuly (truck with total blindnefs, and 
died a few days after, to the great lots of the mathe¬ 
matical world, at only 37 years of age. 

As to his charadter, Mr. James Gregory was a man 
of a very acute and penetrating genius. His temper 
teems to have been warm, as appears from his conduit 
in the difpute with Huygens 5 and, confcious perhaps 
.of his own merits as a ducoverer, lie feems to have been 
Jealous of- loftag any portion of his reputation by the 
improvements of others upon his inventions. He pof- 
fifffed one of the moft amiable charadter* of a true phi- 
lofopher, that of being content with his fortune in his 
fituattoa. But the moft brilliant part of k liia cliaradler 
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is that of his mathematical genius as an inventor, which., 
was of the firft order ( as will appear by the following 
lift of his inventions and difeoveries. Among many 
others may be rcckpned, his Rcfiedting Telefcope 
Burning Concave Mirror (Quadrat un: of the Circle 

and Hyperbola, by an infinii e converging feries;— 
his method for the Transformation of Curves ;—a Geo¬ 
metrical Dcmonftration of lord Brounkcr’s feries for 
Squaring the Hyperbola—his Dcmonitration that the 
Meridian Line is analogous to a fcalc of Logarithmic 
Tangents of the Half Complements of the Latitude;— 
he alfo invented and demonftrated geometrically, by 
help of the hyperbola, a very iimplc converging feries 
for making the logarithms ;■—he fent to Mr. Collins the 
folution of the famous Keplerian problem by an infinite 
feries;—he difeovered a method of drawing Tangents 
to Curves geometrically, without any previous calcu¬ 
lations -a rule for the Diredc and luverfe method 
of Tangents, which (lands upon the lame principle 
(of exhauftions) with that of fluxions, and differs not 
much from it in the manner of application; a Scries 
for the length of the Arc of a Citcle from the Tan¬ 
gent, and vice verfa ; 'as alfo for the Secant and Lo¬ 
garithmic Tangent and Secant, and vice verfa: — 
Thefe, with others, for mcaiurh’g the length of the 
elliptic and hyperbolic curves, were (cut to Mr. Collins, 
in return for fome received from him of Newton’s, in 
which he followed the elegant example of this author, 
in delivering his feries in Iimplc terms, independent of 
each other. Thefe and other writings of our author arc 
moilly contained in the following work'., viz, 

1. Optica Promotes ; 4to, London 1663, 

2. Vera Circuit et Hyperbola ^uadsatura ; 4to, Padua 
1667 and 1668. 

3. Gcometri* Pars Univerfalis ; 40 s Padua 1668. 

4. Exrrcitationes Geometric* ; 4to, Ijondon 1668. 

5. The Great and New slrt of Weighing Vanity, See. 

8vo, Glafgow 1672. 

The reft of his inventions make the fubjedt of ftvr- 
ral letters and papers, printed either in the Pbilof. 
Trttnf. vol. 3 ; the Commerc. EpifioL 'Job. Collins et 
jlliorttm, 8vo, 1715; in the Appendix to the Englilh 
edition of Dr. David Gregory's Elements of Optics, 8vo, 
1735, by Dr. Defagulit rs; and - fome feries in the E.xtr- 
ertatio Geomrtrica of the fame author, 410, 1684, Edin¬ 
burgh ; as well as in his little piece on Pradtieal Geo¬ 
metry. 

Gregory (Dr. David), Savilian profeffor of af- 
tronomy at Oxford, was nephew of the above-men¬ 
tioned Mr. James Gregory, being the eldcil fon of his 
brother Mr. David Gregory of Kinardic, a gentleman- 
who had the lingular fortune to fee three or his fons 
all profeffors of mathematics, at the fame time, in three 
of the Britifh Univcrfitiea, viz, our author David at 
Oxford, the fecond fon James at Edinburgh, and the 
third fon Charles at St. Andrews. Our author David, 
the eldeft fon, was bom at Aberdfcen in 1661, where Iw 
received the early- parts of his education, but completed 
his (Indies at Edinburgh; and, being poffeffe'd of the 
mathematical papers of his uncle, loon diftinguilhed 
liimfelf likewife as the heir of his genius. In the 23d 
year of his age, he was elc&ed profeffor of mathema¬ 
tics in the univerfity of Edinburgh} and,.in the fame 
year, he publiflied. Exercitatio Geometries de Dimenjtone 
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Tigurarutn, five specimen Methodi generjdu Dimfticndi 
yuafvis Figuras, Edinb. 1684,410. He very foon per¬ 
ceived the excellence of the Newtonian philofophy; 
and had the merit of being the fivft that introduced 
it into the fchoola, by his public lc&ures at Edinburgh. 

“ He had (fays Mr. Wiilon, in the Memoirs of his 
own Life, i. 32 ) already caufed feveral of his fcholars to 
keep a£ts, as we call them, upon feveral branches of the 
Newtonian philofophy ; while we at Cambridge, poor 
wretches, were iguominioufly iludying the fictitious hy • 
pothefis of the Cartcfian.” 

In 1691, on the report of Dr. Bernard's intention of 
refigning the Savilian profefibrfhip of aftronomy at Ox¬ 
ford, our author went to London ; and being patronifed 
hy Newton, and warmly befriended by Mr. Flamftccd 
the aftronomer royal, he obtained the vacant profcflbr- 
ffiip,though Dr. Ilalley was a competitor. This ri- 
valfliip, however, in (lead of animofity,laid the foundation 
of friendflu’p between thefe eminent men; and Halley 
foon after became the colleague of Gregory, by obtain¬ 
ing the profeflorfhip of geometry in the fame univcrlitv. 
Soon after his arrival in London, Mr. Gregory had 
been cleflcd a fellow of the Royal Society ; and, pre- 
vioully to his eleClion into the Savilian profefforfhip, 
had the degree of doctor of plryiic conferred on him by 
the univcrlitv of Oxford. 

In 1693, he publilhed in the Philof. Tranf. a refo- 
lution of the Florentine problem de Tejiudinc veliformi 
quadralili; and he continued to communicate to the 
public, from time to time, many ingenious mathematical 
papers by the fame channel. 

In 1 <195, he printed at Oxford, Catoptric* ft Diop¬ 
tric* Spheric* Elemcvta ; a work which, we are inform¬ 
ed in the preface, contains the fubftance of fomc of his 
uhlic ledurcs read at Edinburgh, eleven years before, 
’his valuable treatife was republifhed in Fnglifh, firit 
with additions by Dr. William Brown, with the re¬ 
commendation of Mr. Jones and Dr. Defaguliers ; and 
afterwards by the latter of thefe gentlemen, with an 
appendix containing an account of the Gregorian and 
Newtonian telefcopes, together with Mr. Hadley’s 
tables for the cuntlrufh'on of both thofe inftruments. 

It is not unworthy of remark, that, in the concluf.011 
of this treatife, there is an obfervation which fhews, 
that the conftruCtion of achromatic telefcoucs, which 
Mr. Dollond has carried to fuch great perfection, 
had occurred to the mind of David Gregory, from rc- 
fletfting on the admirable contrivance of nature in com- 
bining" the different humours of the eye. The paf- 
fage is as follows; “ Perhaps it would be of fcrvice to 
make the objedb lens of a different medium, as we fee 
done in the fabric of the eye ; where the cryftalline 
humour (whofe power of rcfra&ing the rays of light 
differs very little from that of glafs) is by nature, who 
never does any thing in vain, joined with the aqueous 
and vitreous humours (not differing from water as to 
their power of refraction) in order that the image may 
be painted as dillimfl as poffiblc upon the bottom of 
the eye.” 

In 1702 cur author publifiied at Oxford, iu folio, 
Afirononti* Phyftc* el Geometric* Element a; a work 
which is accounted his maftcv-picce. It is founded 
■on the Newtonian do&tints, and was eflccmed by New- 
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ton himfclf as a mod excell eat' explanation and defence 
of his philofophy. In the following year he gave tip 
the world an edition, in folio, of the works of Euclid, 
in Greek and Latin; being done in prosecution of a 
defign of his predeceffor Dr. Bernard, of printing the 
works of all the ancient mathematicians. In this work, 
which contains all the treadles that have been attri¬ 
buted to Euclid, Dr. Gregory has been careful to 
point out fuch as he found reafon, from internal evi¬ 
dence, to believe to be the productions of fomc infe¬ 
rior geometrician. In profecution of the fame plan. 
Dr. Gregory engaged foon after, with his colleague 
Dr. Ilalley, in the publication of the Conics of Apol¬ 
lonius ; but he had proceeded only a Httle way in this 
undertaking, when he died at Maidenhead in Berkfiiiif, 
in 1710, being the 49th year of his age only. 

Bcfides thofe works publiflied in our author’s life 
time, as mentioned above, he had feveral papers infert- 
cd in the Philof. Tranf. vol. 18, 19, 21, 24, and 25, 
particularly a paper 011 the catenarian curve, firit con- 
iidcred by our a^ffior. He left alfo in manufeript, 
A Short 'Treatife of the Nature and Arithmetic of lo¬ 
garithms, which is printed at the end of Keill’s tranflu- 
tion of Cornmandine’s Euclid ; and a Treatife of Profit- 
nil Geometry , which was afterwards tranflated, and pub- 
liihed in J745, by Mr. Maclaurin. 

Dr. David Gregory married, in 1695, Elizabeth, the 
daughter of Mr. Ohphant of Langtown in Scotland. 
By this lady lit had four fons, of whom, the cldcfi, 
David, was appointed regius profeffor of modem hif- 
tory at Oxford hy king George the ift, and died at an 
advanced age in 1767, after enjoying for many years 
the dignity^ of dean of Chriilchurch m that university. 

When David Gregory quitted Edinburgh, he was 
fucceeded in the profcfforftiip at that univerfity by r his 
brother fames, likcwife an eminent mathematician ; 
who held that office for 33 years, and, retiring in 
1725, was fucceedcd by the celebrated Maclaurin. A 
daughter of this profeffor James Gregory, a young 
lady of great beauty and accompli fitments, was the 
viftim of an unfortunate attachment, that furniHied the 
lubjeft of Mallet’s well known ballad of William and 
Pfl.trga ret. 

Another brother, Charles, was created profeffor of 
mathematics at St. Andrews by Queen Anne, in 1707. 
This office he held with reputation and ability for 32 
years; and, refigning in 1739, was fucceeded by his 
ion, who eminently inherited the talents of his family, 
and died in 1763. 

Some farther Particulars of the Family of the Gregorys and 
Anclerfons, communicated by Dr. Thomas Reid, Profrf- • 
for of Moral Philofophy in the Univetfi/y of Glafgow, 
a Nephew of the late Dr. David Gregory Savilian Pro- 
fejfor at Oxford. 

Some account of the family of the Gregorys at 
Aberdeen, if given in the Lite of the late Dr. John 
Gregory prefixed to his works, printed at Edinburgh 
for A. Strahan and T. Cadrll, London, and W. Creech, 
Edinburgh, 1788, in four fmall 8vo volumes. 

Who was the author of that Life, or whence lie had 
his information, I do not know. I have heard it aferibed 
to Mr. Tytler the vounger, whofe father was appointed 
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one of the guardians of Dr. John Gregory’s children. 
Some additions to what is contained in it, and remarks 
upon it, is all I can furnifh upon tins fuhjcft. 

Page 3. I know nothing of the education of David 
Anderfon of Finzaugh. He feems to have been a fclf* 
taught Engineer. Every public work which furpafl’ed 
the /kill of common avtifts, was committed to the 
management of David. Such a reputation he acquired 
by his fuccefs in wojks of this kind, that with the vul¬ 
gar he got the by-name of Davie do a ’ thing, that is in 
the Scottifh dioleff, David who rould do every thing. 
By this appellation he is better known than by his 
proper name. He ruffed the great bells into the* 
ftecplc of the principal church : he cut a paffage for 
/hips of burden through a ridge of rock under water, 
which eroded the entrance into the harbour of Aber¬ 
deen. In a long pif.hiie gallery at Cullen Houfe, the 
feat of the earl of Findlatcr, the wooden ceiling is 
painted with fcveral of the fables of Ovid’s Mctainor- 
]>liolis. The colour;, are ftill bright, and the repre- 
fentation live!/. The* prefent earl’s grandfather told 
me that this painting was the work of David Anderfon 
jnv anccAor, whom he* acknowledged as a friend and 
relation of hu, family. 

Such works, while they gave reputation to David, 
fuited ill with Lis proper bufiiicfs, which was that of a 
merchant in Aberdeen. In that he fucceeded ill; aud 
having given up mercantile* bulincfs, from a ftnnll re¬ 
mainder of his fortune began a trade* of making malt; 
and having inilrutted hi.*, wife in the management of it, 
left it to her care*, and went into England to try his for¬ 
tune as an engineer; an employment which in his own 
country he had practice! gratuitoufly. Having in that 
wav made a fortune which fat is Red him, lie returned 
to Aberdeen, where his wife had ulfo made money by 
her malting bulincfs. 

After making fuch provinon for their children ns 
they thought rcafonablc, they agreed that the longcft 
liver of the two /Iiould enjoy the* remainder, and at 
death fhould bequeath it to certain purpofes in the ma¬ 
nagement of the mngiflrates of Aberdee n. 

The wife happened to live longcft, and fulfilled what 
had been concerted with her hit/band. Her legacies, 
well known in Aberdeen, arc called after her name 
Jane Gu Id's Mortifications, a mortification in Scots law 
fignifying a Inqueathmcnl for feme charitable* purpofe. 
They coiifill of fums for different purposes, For or¬ 
phans, fen* the education of boys and girls, for unmar¬ 
ried gentlewomen, and fi r widows ; and they ftiil con¬ 
tinue to be uleful to many in indigent circumflances. 
She was . the daughter of l)r. Guild a miniftcr of 
Aberdeen. Bcfides her money, file bequeathed a piece 
of tapefliy, w rought by her own hand, and rcprcjfciit- 
ing the hiftory of queen Efther, from a drawing made 
l>y he*r hufband. The tapeflry continues to ornament 
the wall of the principal church. 

In the fame page it is hid that Alexander Andcr- 
£011, profeffor of mathematics at Paris, was the coufin- 
gernvan of David above-mentioned. I know not the 
writer’s authority for this: 1 have always heard that they 
were brothers j but for this I have only family tradition. 

P. 4. It is here laid that James Gregory was in- 


ftrufted in the Elements of Euclid by his mother, 
the daughter of David Anderfon. 

The account I have heard differs from this. It 
is, that his brother David, being ten or eleven yerrs 
older, had the dircdlion of his education after their 
father’s death, and, when James had finifhed his eourfe 
of philofophy, was at a lofs to what literary profcffioti 
he fhould direct him. After foinc tinfuccefsfu! trials, 
he put Euclid’s Elements into his hand, and fu di'ig 
that he applied to Euclid with great avidity and f".r- 
cefs, he* encouraged and affilled him in his mutlicm 1! i- 
cal iludics. 

Tin’s tradition agrees with what James Gregory f iy.i 
in the preface to lus Optica Promuia ; where after men¬ 
tioning his advance* to the 26th propolition, he adds, 
Ul’i dtu hsjl btane J 4 >: prngrediendi orlalus, fid eontinnis 
hortaiihus et au <iliis Jratris mei Davidis Gregorii, in Ma- 
thcmaticis non pa rum verfati (cui Ji quid hi life Scientiii 
pntjli/ero, me Hint! dibcre non injicias ibo) animatus, tan¬ 
dem incidi isfe. Whether David had been inftru&cd in 
mathematics by his mother, or had any living inflruc- 
tor, I know not, 

P. 5, 6. lu theft: tw'o pages I think the merit of 
Gregory compared with that of Newton in the inven¬ 
tion of the catoptric telefcope, is put in a light mote 
unfavourable to Newton than is juft. Gregory be¬ 
lieving that the imperfc&ion of the dioptric telefcope 
arofe lolely from the fphcrical figure of the glaffcs, in¬ 
vented his telefcope to remedy* that imperfection. Being 
lefs convcrfaut in the* practice* of mechanics, lie did not 
attempt to make any model. The fpecula of his te¬ 
lefcope required a degree of polifli and a figure which 
the belt opticians of that age were unable to execute. 
Newton demonftrated that the imperfection of the 
dioptric telefcope arofe chiefly from the different re- 
frangibility of the* rays of light; he (lemoiiftrated alfti 
that the catopric telefcope required a degree* of polifli 
far beyond what was neceffary for the dioptric. He 
made a model of his telefcope j and finding that the* 
heft polifli which the opticians could give, was infnfii- 
cient, he improved the polifli with his own hand, ft> 
as to make it anfwer the* purpofe, and has dcicribrd 
molt aecmately the manner in which lu* did this. And, 
had he net given this example of the pratlic.'.hihiy of 
making a reflecting telefcope*, it is probable that it 
would have puffed as an impraihicuhh* idea to this ilav. 

P. 11. To what is faid of this James Gregory might 
have been added, that lie was led by analogy to the true 
law of Refraction, not knowing that il was difeovered 
by Des Cartes before (fee I'ruaec to Opiit.t Promote!) ; 
and that in ifiyo having received in a letter from Col¬ 
lins, a Series for the Area of the Zone of a Circle, and 
as Newton had invented an univerfal method by which 
he could fquarc all Curves Geometrical and Mechanical 
by Infinite* Series of that kind ; Gregory after much 
thought difeovered this univerfal method, or an equiva¬ 
lent one. Of this lie perfectly faiidied Newton and the 
other mathematicians of that time, by a letter to Collins 
in Ftb. 1671. He was llrougly foliated by his brother 
David to publifh bis Univerfal Method of Series without 
delay, but excufed himfelf upon a point of honour; 
that as Newton was the Gift inventor, and as he had 
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Been led to it by an account of Newton’s having fuch 
a method, lie thought himfelf bound to wait till Newton 
fhould publifh his method. I have feen the letters that 
pafled between the brothers on this fubjedft. 

With regard to the controveriy between James 
Gregory and Huygens, I take the fnbjcf.l of that con- 
troverfy to have been, not whether J. Gregor} ’s Qua¬ 
drature of the Circle by a converging ferics was juft, 
but whether he had demonftrated, as in one of liis 
proportions he pretended to do, That it is impoffi- 
hle to exprefs perfectly the A1 ea of a Circle in any 
known Algebraical form, bolides that of an infinite 
converging ferics. Huygens excepted to the demon* 
ftration of this proportion, and Gregory defended it ; 
neither of them convinced his anlagonift, nor do 1 
know that Leibnitz improved upon what Gregory had 
done. 

P, T2. David Gregory of Kinardie deferved a nir re 
particular account than is here given. 

It is true that he ferved an appn-nticefhip to a mer¬ 
cantile houfe in Holland, but lie followed that pmfrffion 
no longer than he was under authorit y, liaving a Wronger 
paflion for knowledge than for money. He returned 
to his own country in ifify, being about 28 years of 
age, and from that time led the life of a philofopher. 
Having fucceeded to the eftate of Kinardie by the 
death of an elder brother, he lived there to the end of 
that century. There all his children were born, of 
whom he had thirty-two by two wives. 

Kinardie is above 40 Englifli miles north from Aber¬ 
deen, and a few miles from Bamf, upon the river Di- 
veron. lie was a jell among the neighbouring gentle¬ 
men for his ignorance of what was doing about his own 
farm, but an oracle in matters of learning and philofo- 
phy, and particularly in medicine, which he had Au¬ 
dit'd for his atmifement, and begun to pradtife among 
his poor neighbours. He accjuired fuch a reputation 
in that fcicnce, that he was employed by the nobility 
and gentlemen of that county, but took no fees. His 
hours of ftudy were fingular. Being much occupied 
through the day with tliofe who applied to him as a 
phyfician, he went early to bed, rofe about two or 
three in the morning, and, after applying to his ft tidies 
for fomc hotirs, went to bed again anil flept an hour or 
two before breakfaft. 

He was the firft man in that country who had a 
barometer; and by fume old letters which I have 
hen, it appeared, that be bad correfponded with fome 
philofophers on the continent about the changes in the 
barometer mid in the weather, particularly with Ma- 
riotte the French philofopher. He was once in danger 
of being profeeuted as a conjurer by the Prefbytery on 
account of his barometer. A deputation of that body 
having waited upon him to enquire into the ground of 
certain reports that had come to their ears, he iutisfied 
them fo far as to prevent the profccution of a man 
known to be fo extenfively ufeful by his knowledge of 

medicine_About the beginning of this century he 

removed with his family to Aberdeen, and in the time 
of queen Anne's war employed his thoughts upon an 
improvement in artillery, in order to make the fhot of 
great guns more deftruftive to the enemy, and executed 
a model of the engine he had conceived. I have con- 
verfed with a dock-maker in Aberdeen who was cm- 


& ed in making this model; but having made many 
rent pieces by direction without knowing their in¬ 
tention, or how they were ‘ to be put together, he 
could give no account o&the whole. After making 
fome experiments with this model, which fatisfied him, 
the old gentleman was fo fanguine in the hope of being 
ufeful to the allies in the war againft prance, that he 
fet about preparing a field equipage with a view to 
make a campaign in Flanders, and in the mean time 
font his model to his fon the Saviiian profeflbr, that he 
might have his and Sir ] faac Newton’s opinion of it. 
His fon (hewed it to Newton, without letting him know 
that his own father war. (he inventor. Sir Ifaac vras 
much difplcafcd with it, faying,thnt if it tended as much 
to the prefervatiem of mankind nr <0 their dcftmdtion, 
the inventor would have deferved a great reward ; but 
as it was contrived folely for deft ruction, and would 
foon be known hy the enemy, he rather deferved to be 
puuifhcd, and urged the profeflbr very ftrongly to dc- 
ilioy it, and if pofliblc to fepprefs the invention. It 
is probable the profeflbr followed this advice, tie died 
foon after, and llie model was never found. 

When the rebellion broke out in 17 jy, the old gen¬ 
tleman went a fecond time to Holland, and returned 
when it was over to Aberdeen, where he died about 
1720, aged 93. 

He left an hillorical manufeript of the Tranfaflions 
of his own Time and Country, which my father told 
me he had read. ’ 

I was well acquainted with two of this gentleman’s 
fons, and with feveral of his daughters, Infides my own 
mother. The facts aBovemcntioncd are taken from 
what I have occafionaliy heard from them, and from 
other perfons of his acquaintance. 

P. 14. In confirmation of what is fin’d in this page, 
rfliat the two brothers Davit! and James were the firft 
who taught tile Newtonian philofiiphy in the Scotch 
Univcrfitics ; I have by me a Thefs, printed at Edin¬ 
burgh in 1690, by James Gregory, who was at that 
time a profeflbr of philofophy at St. Andrews, and 
fucceeded his brother David in the profeflion of mathe¬ 
matics at Edinburgh. In this T/.'rfis, after a dedi ation 
toVifcount Tarbet, follow the names of twenty-one of 
his fcholars who were candidates for the degree of A. 
M. then twenty-five politions or 7 ‘b.f-s. The firft 
three relate to logic, and the alnifc of it in the Arifto- 
telian and Cartefian philofophy. He defines logic to 
be the art of making a proper wfe of things granted, in 
order to find what is fought, and theiefore admits only 
two Ca/rgt/rii’s in logic, viz, IXht and The 

remaining twenty-two petitions are a coir.pend of New¬ 
ton’s Prmcipia. This 'Thefts, as was the cuftoni at 
that time in the Scotch miivi rtities, was to be defended 
in a public deputation, by the candidates, previous to 
their taking their degree. 

The famous Dr. Pitcairn was a fellow fiudent and 
intimate companion of thefc two Giegoriis, and du¬ 
ring the vacation of tiie college was wont to go north 
with them to Kinardie, their father's houfe. 

David Gregory was appointed a preceptor to the duke 
of Glouceller, queen Anne’s fon; but his enteiing upon 
that office was prevented by the death of that prince in 
the eleventh year of his age. 

P. 19. D. Gregory’s Euclid is fin'd to have been wrote 

in. 
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in profecution of a defignpfhis predecefforDr. Bernard, 
of printing the works of all the antieat mathematicians. 
This defign ought to have been afcribed to Savilc, who 
left in charge to the two pjpfeffors of lays foundation, 
to print the mathematical works of the antients, and I 
think left a fund for defraying the expence. Wallis 
did fomething in confequence of this charge; Gregory 
■and Halley did a great deal; but I think nothing has 
been done in this defign by the Savilian profeflbrs fiuce 
their time. 

1 \ 20. Befidcs what is mentioned, Dr. Gregory left 
in mannfeript a Commentary' tin Newton’s Principia, 
which Newton valued, and kept by him for many years 
after the author’s death. It is probable that in what 
relates to aftronomy, this commentary may coincide in 
a great meafurc with the author’s aftronomy, which 
indeed is an excellent Commentary upon that part of 
the Principia. 

P. 24. This David Gregory publiflied in Latin, a 
very good compcnd of arithmetic and algebra, with the r 
title Arithmetics et Algebra Compendium, in Ufum fuven- 
tutix sir a demies. I'.dinh. 1736. He bad a defign of 
publishing his uncle’s Commentary on the Principia, 
with extracts from the papers left by James Gregory 
his grand unde ; but the expence being too great for 
his fortune, and he too gentle a folicitor of the afiift- 
ance of others, the ddign was dropped. His fun Duv id, 
yet alive, was mailer of an Haft India (hip. 

P. 40. To the projectors of the focietv at Aberdeen, 
ought to have been added John Stewart profcflbr or 
mathematics in the Mariichal college at Aberdeen. He 
publiflied an explanation of two treat ills of Sir lfaac 
Newton, viz, his Quadrature of Curves, and his Ana. 

1 yds by Equations of an infinite number of terms. He 
was an*fatimatc friend of Dr. Reid’s. 

Another of the firfl members of that focietv .was 
Dr. David Skene, who, bcfidcs his eminence in the 
praftice of medicine, had applied much to all parts of 
natural lriftory, particularly' to botany, and was a oor- 
refpondent of the celebrated Linmeus. 

Dr. John Gregory and Dr. David Skene were the 
firft who attempted a college of medicine at Aberdeen. 
"The fir ft gave le&ures to his pupils in the theory and 
practice of medicine, and in chemiitry ; the laft, in ana¬ 
tomy, materia medica,and midwifery', in order to prepare 
them for attending the medical college at Edinburgh. 

T. R. 

The following additional lines by Mr. fames Millar, Pro- 
feffor of Mathematics , Glafgoiv. 

Another inftance of the prevalence of mathematical 
genius in the'Tamily of Gregory or Anderfon, whether 
produced by an original and inexplicable determination 
of the mind, or communicated by the force of exam¬ 
ple, and the confcioufntfs of an intimate connexion 
with a reputation already acquired in a particular line, 
is the celebrated Dr. Reid, profcflbr of moral philofo- 
phy in the univerfity of Glafgow ; a nephew, by his 
mother, of the late Pr. David Gregory, Savilian pro- 
feffor at Oxford. 

This gentleman, well known to the public by his 
moral and metaphyfical writings, and remarkable for 
■that liberality, and that ardent Spirit of enquiry, which 
neither overlooksnor undervalues any branch of Science, is 


peculiarly diftinguiftied by his abilities and proficiency In 
mathematical learning. The obje&s of literary purfuit 
are often dire&cd by accidental occurrences. And ap- 

f irchcnfton of the bad confcqucnces which might rcfult 
rom the philofophy of the late Mr. Hume, induced 
Dr. Reid to combat the doftriner. of that eminent au¬ 
thor ; and produced a work, which has excited univer- 
fal attention, and feems to have given a new turn to 
(■peculations upon that fuhjcft. But it is well known to 
Dr. Reid’s literary acquaint sue.*, that thefe exertions 
have not diminiihed the original bent of his genius, nor 
blunted the edge of his inclination for mathematical re- 
fearchcs ; which, at a very advaiv.’il age, lie iliil con¬ 
tinues to profeoute with a youthful attachment, and 
with unremitting afiiduity. 

It may Farther be ohferwd, of the ev'raorJ'nary family 
above mentioned, that Dr. Jair.es Gregory, the prefent 
learned profrffor of phytic and medicine in the univer- 
fity of Edinburgh, 1,. the (on of the late Dr. John 
Gregory, upon the inemok of whole life the above re¬ 
marks have been written by Dr. Reid ; the fuid James 
has lately publiflied a molt ingenious woik, intitled, 
Ph'dofnphical and J.iter ary f/Jay >, in 2 volumes 8vo, 
Edinb. 1 ”92 ; and lie feems to be another worthy in- 
heritsut of the lingular genius of his family. 

tip: 'Tory (St. I’inrent), a very t elprctubk Flemifli 
geometrician, was burn at Bruges in 1584, and became 
a jefuit at Rome at zo years of age. He tludied ma- 
tliematies under the learned jefuit Clavius. He after¬ 
ward became a reputable profcflbr of thofc fciencis 
himielf, and his inftru&ions were folicited by fcveral 
princes: be was called to Prague by the emperor Fer¬ 
dinand the 2d; and Philip the 4th, king of Spain, 
was dciirous of having him to tench mathematics to his 
(on the young prince John of Anftria. He was not 
Ids eilimablc for his virtues than his (kill in the fcicnces. 
His well-meant endeavours were vtiy commendable, 
when his holy zeal, though for a falfe religion, led lum 
to follow the army in Flanders one campaign, to con- 
fefs the wounded and dying foldicrs, in which he re¬ 
ceived feveral wounds himfelf. He died of an apoplexy 
at Ghent, in 1667, at 83 years of age. 

As a writer, Gregory St. Vincent was very diffufe 
and voluminous, but he was an excellent geometrician. 
He publiflied, in Latin, three mathematical works, the 
principal of which was his Opus Geometrician i$ttadrr- 
tura Circuit, rt Sctiinnum Coni, Antwerp," 1647, 2 
vol. folio. Although he has not demonftrated, in 
this work, the Quadrature of the circle, as he pretends 
to have done, the book neverthelefs contains a great 
number of truths and important difeoveries 5 one of 
which is this, viz, that if one afymptote of an hyper¬ 
bola be divided into ports in geometrical progrtflion, 
and from the points of divifion ordinates be drawn pa¬ 
rallel to the other afymptote, they will divide the 
fpaec between the afymptote and curve into equal por¬ 
tions ; from whence it was (hewn by Merfenne, ttiat, 
by taking the continual fum* of thofe parts, there 
would be obtained areas in arithmetical progreifion, 
adapted to abfeiffes in geometrical progreifion, and 
which therefore were analogous to a fyftem of loga¬ 
rithms. 

GRENADE, or Grenado. See Gr anahe. 
CRUS, the Crane, cue pfthe new constellations, in 

the. 
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thf foiitiiflrn ticmifpherc; containing, according to Mr. 
Sharp's catalogue, 13 liars. 

Gfti/s is alfo one of the Arabian cnnllellations, and 
aniwcRi to our Ophiucua, to which they changed this 
conftellation, their religion prohibiting them from draw¬ 
ing any human figures. 

GR Y, a raeaturc containing one-tenth of a line. A 
line i» one-tenth of a digit, and a digit ia one-tenth of 
a foot, and a philofcphical foot, one-third of a pendu¬ 
lum, whofc diadronies, or vibrations, in the latitude of 
45 degrees, arc each equal to one fecond of time, or 
one-fixticth of a minute. 

GUARDS, a name that has been fometimes ap¬ 
plied to the two liars uearcll the north pole ; being in 
the hind part of the chariot, at the tail of Urfa Minor 
or little bear ; one of them being ulfo called the pole 
liar. 

GUERICKK (Otto or Otho), couilfellor to the 
elector of Brandenbouig and burgomaller of Magde- 
bourg, was born in if.02, and died in 1686 at liam- 
bourg. He was one of the greatell philof.iphcrs of his 
time. It was Guericke that invented the air-pump ; 
the two brafs himifpherts, which being applied to each 
other, and the air exhaufted, 16 hnrfes were not able 
to draw them afund.r; the marmoufet of glafs which 
defeendtd in a tube in rainy weather, and rofe again on 
the return of feienc weather. This lull machine fell 
into difufe on the invention of the barometer, efpecially 
after Huygens and Avnnntons gave theirs to the world. 
Guericke made ufc of his marmoufet to foretell florins ; 
from whence he was looked upon as & force n r by the 
people ; fo that the thunder having one day fallen upon 
hishoufe, and flmered to pieces fcvcral machines which 
he had employed in his experiments, they failed not to 
fay it was a punilhmcnt from heaven that was angry 

with him.-Guericke was author of fevcral works in 

natural philofophy, the principal of which was his Ax- 
frrlmenta Ma&dtlurg!ca % in folio, which contains his 
experiments on a vacuum. 

CUE RITE, in Fortification, a ccntry-hox ; being 
a final! tower of \vt od, or ftonc, ufually placed on the 
point of a bullion, or on the angles of the ftiouldcr, to 
he ld a centinel, who is to take care of the ditch, and 
watch again,! a furprife. 

GUF.DLE, in Architcflarc. RccGula. 

GUINEA, r. gold coin (truck in England.-The 

value or rate of the guinea has varied. It was at firlt 
equal to 20 (hillings ; but by the fcarcity of gold it 
was afterwards advanced to 21 s. Cut. ; though it is now 
funk to 21/. 

The pound weight troy of gold is cut into 44 parts 
and a half, and each part makes a guinea, which is 
therefore equal to ^ 0 lb, or f$oz, or 5ihvts 9^ gr. 

This coin took its name, Guinea, from thccivcum- 
ftance of the gold of which it was firft (truck being 
brought from that part of Africa called Guinea, for 
which rcafon alfo it bore the imprefiion of an ele¬ 
phant. 

GULA, Gueulf, or Gola, in Architecture, a 
wavy member whofe contour reicmbles the letter S, 
commonly called an Ogee. 

GULBE, in Architecture, the fame as Gorge. 

GULF, or Gui.rii, in Geography, apart of the 


ocean running up into the land through a narrow paf- 
fage, or ilrait, and forming a bay within. As, the' 
Gulf of Venice, or Adriatic fea; the Gulf of Arabia, 
or of Perfia, which is the Red "Sea ; the Gulf of Con- 
(lantinople, Or the Black Sea; the Gulf of Mexico; 
ftc. 

GUN, a fire-arm, or weapon of offence, which forci¬ 
bly difeharges a ball or other matter through a cylindri¬ 
cal tube, by mean 3 of inflamed gun-powder. 

The word Gun now includes mod of the fpecie3 of 
fire-arms; mortars and piflola being almoit the only 
ones excepted from this denomination. They are di¬ 
vided into great and fmall guns: the former including 
all that arc ufually called cannon, ordnance, or artil¬ 
lery ; and the latter includes mufquets, firelocks, cara¬ 
bines, mufquctoons, Bluuderbuffes, fowling-pieces, See. 

It is not certainly known at what time thefe weapons 
were firft invented. And though the introduClion of 
guns into the wefiern part of the world is but of mo¬ 
dern date, comparatively fpeaking; yet it is certain 
that in fome paits of Alia they have been ufed for 
many ages, though in a very rude and impcrfeCl man¬ 
ner. Philoftratus fpeaks of a city near the river Hy- 
phafis in the Indies, which was faid to be impregnable, 
and that its inhabitants were relations of the gods, be- 
canfc they threw thunder and lightning upon their ene¬ 
mies ; and other Greek authors, as alio Quintus Cur- 
tius, fpcak of the fame thing having happened to Alex¬ 
ander the Great. Hence fome have imagined that 
guns were ufed by the eallern nations in his time, while 
others fuppofc the thunder and lightning alluded to by 
thofe authors, were only certain artificial fire-works, 
or rockets, fuch as we know are ufed in the wars by the 
Indians even in the prefen: day agitinft the Europeans. 
Be this however as it may, it is afferted by many mo¬ 
dern traveller, that Guns were ufed in China as far 
back as the year of Chrill 85, and have continued in ufe 
everfince. 

The firft hint of the invention of Guns in Europe, is 
in the works of Roger Bacon, who flourilhed in the 
13th century. In a treatife written by him about the 
year 1280, ne propofes to apply the violent explofive 
force of gun-powder for the ddtruftion of armies# And 
though it is certainly known that the composition of 
gun-powder is dtferibed by Bacon in the faid work, yet 
the invention has ufually, though improperly, been af- 
cribed to Bartholdus Schwartz, a German monk, who 
it is faid difeovered it only in the year 1320; and the 
invention is related in the following manner. Schwartz 
having, for fome purpofe, pounded nitre, fulphur, and 
charcoal together, in a mortar, which he afterwards 
covered impcrfedtly with a Hone, a (park of fire acci¬ 
dentally fell into the mortar, which fetting the mixture 
on fire, the cxplofioti blew the Hone to a cotifiderable 
dillance. Hence it is probable that Schwartz might 
be taught the fimplctl method of applying it in war; 
for it rather feems that Bacon conceived the manner of 
ufing it to be by the violent effort of the flame uncon¬ 
fined, and which is indeed capable of producing aflu- 
niihing ciFeils. (See Gunpowder.) And the figure 
and name of mortars given to a fpecies of old artillery, 
and their employment, in throwing large done bullets 
at an elevation, very much favour this conjecture. 

Soon 
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'Soon after the time of Schwartz, we find Guns com¬ 
monly ufed as initruments of war. Great guns were 
firft ufed. Thefe were originally' made of iron-bars fol- 
dered together, and fortified with ftrong iron hoops or 
rings; fevcral of which are {bill to be feen in the Tower 
of London, and in the Warren at Woolwich. Others 
were made of thid {beets of iron rolled up together and 
hooped: and on particular emergencies i’onie have been 
made of leather, and oflead, with plates of iron or cop¬ 
per. Tlicfc fiHI pieces were executed in a lude and 
imperfect manner, like tlie firft eflays of mo ft new in¬ 
ventions. Stone balls were thrown out of them, and a 
finall quantity of powder ufed on account of their 
weukncfs. They were of a cylindrical form, with¬ 
out ornament.-., and were placed on their carriages by 
imgs. 

When, or by whom they were firfl made, is uncer¬ 
tain. ll is knowu however tha* the Venetians ufed 
cannon at the iiege of Claudia Jcfiii, now called Chiog- 
gia, in 1366, which were btought thither by two Ger-' 
mans, wilii feme powder and leaden balls ; as likenife 
in their wan. with tiie Gcnoelt- in 1379. But before 
that, king Edward the 3d made ufc of cannon at the 
battle of Crefl"y in 134/), and at the fiege of Calais in 
1347. Cannon were employed by the Turks at the 
liege of Conilautinople, then in pofleflion of the Chrif- 
tians, in 1394, and in that of 1452, which threw a 
weight of t colb; but they commonly burft at the 1 ft, 
2d, or 3d firing. J.euis the 12th had one cait at 
Tours, of the fame fize, which threw a ball from the 
Bailile to Charcnton : one of tlicfc extraordinary 
•annon was taken at the fiege of Dieu in 1546, 
by Don John dc Caftro, and is now in the caftle 
of St. Julian da Barra, 10 miles from Lifbon: the 
length of is 20 feet 7 inches, its diameter at the mid* 
die 6 feet 3 inches, and it threw a ball of ioolb 
weight. It has neither dolphins, rings, nor button ; 
is of an unufual kind of metal; and it has a large 
Indoftan inscription upon it, which fays it was call m 
1400. 

Formerly, cannon were dignified with uncommon 
names. Thus, Lewis the 12th, in 1503, had 12 brafs 
cannon call, of an extraordinary fize, called after the 
names* of the 12 peers of France. The Spanifti and 
Portuguefe called them after their faints. The empe¬ 
ror Charles the 5th, when he marched againft Tunis, 
founded the 12 apo files. At Milan there is a 70 poun¬ 
der, called the Pimonlelle ; and one at Bois-le-duc, 
called the Devil. A 60 pounder at Dover-caftle, called 
Queen Elizabeth’s pocket-pifiol. An 80 pounder in 
the Tower of London, brought there from Edinburgh- 
caftle, celled Mounts-meg. An 80 pounder in the 
royal arfinal at Berlin, called the Thunderer. An 80 
pounder at M.laga, called the Terrible. Two curious 
€0 pounders in the arfenal at Bremen, called the Mef- 
fenger of bad news. And laftly an uncommon 70 
pounder in the caftle of St. Angelo at Rome, made of 
the nails that fattened the copper-plates which covered 
the ancient Pantheon, with this inscription upon it, 
Ex clavis trabalibus porticus Agriypae. 

In the beginning of the 15th century thefe uncom¬ 
mon names were generally abolished, and the following 
more universal ones took place, viz. 


W4. of .fiect 

Wt. of hall, in e tuts , about 
Names . Pounders. Cut. 


Cannon royal, or carthoun, 

48 

m 

90 

Ballard cannon, or J carthoun, 


m 

79 

Denii-carllioun, 

H 


60 

Whole culverins. 

18 

m 

5 ° 

Demi-culvcrins, 

9 

m 

30 

Falcon, 

6 


25 

f larged lize 

8 


18 

Sucker -i ordinary 

6 


*5 

(lowed f°'‘t 

5 



Bafililk 

48 


85 

Serpentine 

4 


8 

Afpic 

2 

- 

7 

Dragon 

6 

- 

12 

Syren 

Co 

- 

8r 

Falconet ' - 

3 » 

2, and 1 

J 5 »*o»S 


Rabinet - 1 

Moyens - - - ic oruoz. 


Thefe curious names of beads and birds of prey 
were adopted on account of their fwiftnefs in motion, 
or of their cruelty ; as the falconet, falcon, fucker, and 
culverin, See, for their fw iftnefs in flying ; the bafi- 
lilk, ferpentine, ai’pic, dragon, fyren, &c, foi their 
cruelty. 

But, at prefent, cannon take their names from the 
weight of their proper ball. Thus, a piece that dil- 
charges a caft-iion ball of 24 pounds, is called a 24 
pounder ; one that carries a ball of 12 pounds, is called 
a 12 pounder ; and fo of the reft, divided into the fol¬ 
lowing forts, viz. 

Ship-guns, confifting in 42, 36, 32, 24, 18, 12, 
9, 6, and 3 pounders. 

Garrifon-guns, in 42, 32, 24, 18, 12, 9, and C 
pounders. 

Battering-guns, in 24, 18, and 12 pounders. 

Field-pieces, in 12, 9, 6, 3,2, i.J, x, and * pounders. 

Mortars , it is thought, have been atleaft as ancient 
as cannon. They were employed in the wars of Italy, 
to throw balls of red-hot iron, Hones, &c, long before 
the invention of (hells, Thefe laft, it is fnppofed, were 
of German invention, and the ufc of them in war (hewn 
by the following accident ; viz, a citizen of Venlo, at 
a feftival celebrated in honour of the duke of Clcves, 
throwing a number of ftiells, one of them fell on a 
houfe and fet it on fire, by which misfortune the greateft 
part of the town was reduced to attics. The firft ac¬ 
count of (hells ufed for military purpofes, is in 143 5, 
when Naples was befieged by Charles the 8th. Hif- 
tory informs us, with more certainty, that (hells were 
thrown out of mortars at the fiege of Wachtendonk, in 
Guclderland, in i$88, by the earl of Mansfield; and 
Cyprian Lucar wrote upon the method of filling and 
throwing fuch (hells in his Appendix to the Colloquies 
of Tartaglia, printed at London in 1588 ; where alfo 
the compounding and throwing of carcadesand various 
forts of fire-works are (hewn. 

Mr. Malter, an Englifh engineer, firft taught the 
French the art of throwing (hells, which they pra&ifed 
at the fiege of Motte in 1634. The method of throw¬ 
ing red-hot balls out of mortars was firft certainly put 

in 
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In pra&ice at tlic fiege of Stralfund in 1675 by the 
cleAor of Brandenburgh : though fomc fay in 1653 at 
the fiege of Bremen. 

Another fpecics of ordnance has been, long in ufe, by 
the name of Howitzer, which is a kind of medium as 
to its length, between the cannon and the mortar, and 
is a very ufeful piece, for difeharging either (hells or 
large balls, which is done cither at point-Llanc, or at a 
final! elevation. > 

A new fpecics of ordnance has lately been introduced 
by thcCarron company, and thence called a Carronade, 
which is only a very fliort howitzer, and which poflefits 
the advantage of being very light and enfy to work. 

Tl:-e fpecics of trims before mentioned, are now 
made cliitfiy of call iron ; except the howitzer, which, 
is of birds, as well as fomc cannon and mortars. 

Mu/krts were firll tiled at the liege of Rhcge in the 
year 1521. The Spaniards were the fir 11 who aimed 
part of their {dot with thefe weapons. At firll they 
were vuy heavy, and could not be tiled without a red. 
They had match-locks, and did execution at a great 
dillance. On 1 heir nnrcli the foldiers carried only the 
rells and ammunition, hating boys to bear their tnufkets 
after them. Tliev were very (low in loading, not only 
by rcufon of the mmicldinel’s of their piercs, and be- 
caule they carried the powder and hall feparate, but 
from tin: lime it took to prepare and adjult the match ; 
lb that llicir fire was not near fo brilk as ours is now. 
Afterwaids a lighter match-lock muiket came in ufe: 
and they earned their ammunition in bandclicrs, to 
which were hung fevetal little cafts of wood covered 
with leather, each containing a charge of powder. The 
mulkets w ith rells were (tied as late as the beginning of 
the civil wars in the time of Clunk's the id. The 
lighter kind fucceedcd them, and continued till the 
beginning of the prefent century, when they alfo were 
diliifvd, and the troops throughout Europe armed with 
firelocks. Thefe are uftinlly made of hammered iron. 
Tortile dimeidions, coidlruAion, and praflieeofeveiy 
fpecics of Gun, &c, fie the fcveral articles Cannon, 
Mortar, See. Seeallb Gunniry. 

GUNNERY, the ait of charging, dire fling, and 
exploding fire-arms, as camion, mortars, mulkets, &c, 
to the hi A advantage. 

Gunnery is fomc times confidered as a part of the 
military ait, anil iometimis as a part of pyrotechny. 
To the ait of Gunnery' too belongs the knowledge of 
the force and effefl of gunpowder, the dimenfions of 
the pieces, and the proportions of the powder anil ball 
they carry, with the methods of irannpfntr, ckaigiug, 
pointing, fpunging, &:c. Alfo fotne parts of Gunnery 
are brought under mathematical emdidi ration, w hich 
among mathematicians are called absolutely Ly t he name 
Gunnery, viz, the rules and method of computing the 
range, elevation, quantity of powder, &c, fo as to hit 
a mark or ohjcfl propofid, ami is more particularly 
called Proji-1'th.ks g which fee. 

History «/ Gunvvry. 

l.ong before the invention of gunpowder, and of 
Gunnery, properly fo called, the art of su tillery, or pro- 
jefl.iles, was nflually in jiraflice. For, not to mention 
the ufe of fpcars, javelins, or Acmes thrown with the 
hand, or of bows and arrows, all which arc found 
«mong the moll barbarous and ignorant people, ac- 
• VO*. I. 


counts of the larger machines for throwing ft ones, 
darts, &c, are recorded by the moll ancient writers. 
Thus, one of the kings of Judah, 800 years before the 
chriftian acra, erected engines of war on the towers and 
bulwarks of Jerufalem, for (hooting arrows and great 
Hones for the defence of that city. 2 Chron.xxvi. 15. 
Such machines were afterwards known among the 
Greeks and Romans by the names of Bnlliila, Catapul- 
tn, Ccr, which produced elfefls hy r the action of a fpring 
of a Arongly twilled cordage, formed of tough and 
elailic animal fubltanccs, no lei’s terrible than the artil¬ 
lery of the moderns. Such warlike inllrunrents conti¬ 
nued in ufe down to the 12th and 13th centuries, and 
the ufe of bows Hill longer ; nor is it probable that 
they were totally laid alidc till they w r ere fuperfeded by 
gunpowder and the modern ordnance. 

The firll application of gunpowder to military af¬ 
fairs, it feun.., was made foon after the year 1300, for 
which the propofid of friar Bacon, about the year 
1280, for applying its enormous explolion to the dc- 
11 rue;ion of armies, might give the firll hint; and 
.Schwartz, to whom the invention of gunpowder has 
been rrroncoufly aferibed, on account of the accident 
abovementioned under the article Gun, might have 
been the firll ivho a Anally applied it in this way, that 
is in Europe; for as to Alia, it is probable that the 
Chiuefe and Indians had fomething of the kind many 
ages before. Tims, only to mention the prohibition 
of fire-arms in the code of Gentoo laws, printed by the 
Eall India Company in 177<3, which feems to confirm 
the fid’picion fuggefied by a palfage in Quintus Cur¬ 
tins, that Alexander the Great found fume weapons of 
that kind in India : Cannon in the Slianfcrit idiom is 
called Ihet-aghnee, or the weapon that kills a hundred 
men at once. 

However, the firfi pieces of artillery, which were 
charged with gunpowder and fionc bullets of a prodigious 
lize, were of very clumfy and inconvenient Arutture 
and weight. Thus, when Mahomet the 2d befieged 
ConAantinople in 1453, he battered the walls with 
Hones of this kind, and with pieces of the calibre of 
1200 pounds ; which could not be fired more than four 
times a day. It was however foon difeovered that iron 
bullets, of much lefs weight than Hone ones, would be 
more efficacious if impelled by greater quantities of 
llronger powder. This oceafioned an alteration in the 
matter and form of the cannon, which were now call of 
brafs. Thcl'e wtie light it and more manageable than 
the former, at tin- fame time that they were llronger in 
pioportiou to their !.ore. Tin’s change took place about 
the elofi cf the ijtheuitmy. 

By this means came lit it into life f'lrh powder as is 
now employed over a!! Kmupe, by varying tlit propor¬ 
tion of the materials. But this change of the propor¬ 
tion was not the only improvement it received. The 
piafliet of graining it is doubt lefs of conlulerablc ad¬ 
vantage. At fi; A the powder had b«en always ufed in 
the form of line meal, fitch as it was reduced to hy 
grinding the materials together. And it is doubtful 
whether the firll graining of powder was intended to 
iucreafc its llrength, or only to render it more conve¬ 
nient for filliug into final! charges and the charging of 
fmall arms, to which alone it was applied for many 
year*, wliillt me«d*powder was Hill tlfed for camion. 

.4 C But 
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But at lad the additional ftrength which the grained 
powder was found to poffefs, doubtlefs from the free 
paffage of the air between the grains, occafioned the 
meal-powder to be entirely laid alide. 

For the laft 200 years, the formation of cannon haa 
been very little improved ; the bcft pieces of modern 
artillery differing little in their proportions from thofe 
tiled in the time of Charles the 5th. Indeed lighter 
and (hotter pieces have been often propofed and tried ; 
but though they have their advantages in particular 
cafes, it is agreed they are not fuffteient for general 
J’erviec. Yet the lizc of the pieces has been much de- 
< realed ; the fame purpofes being now aceomplilhed, 
bv fmaller pieces than what were formerly thought ne- 
eeffary. Thus the battering cannon now approved, are 
thofe that formerly were called demi cannon, cairying 
a ball of 24 pounds weight ; this weight having been 
found fully fufficient. The method alfo of making a 
breach, by hrII cutting off the whole wall as low as 
poffible before ils upper part is attempted to be beaten 
down, feems to be a coniiderable modern improvement 
iii the practical part of gunnery. But the moll conii¬ 
derable improvement in the practice, is tile method of 
firing with finall quantities of powder, and elevating the 
piece but a little, fo that the bullet may juft go clear of 
the parapet of the enemy, and drop into their works, 
called ricochet firing: for by this means the ball, com¬ 
ing to the ground at a finall angle, and with a fmall 
velocity, does not bury itfelf, but bounds or rolls along 
a great way, deftroying all before it. This method was 
firft prattiled by M. Vauban at the fiege of Aeth, in 
the year 1692. A pra&iee of this kind was fuccefs- 
fully ufed by the king of Pruftia at the battle of Rof- 
bach in 1757. He had feveral fix-inch mortars, made 
with trunnions, and mounted on travelling carriages, 
which were fired obliquely on the enemy’s lines, and 
among their horfe. Thefe being charged with only 
8 ounces of powder, and elevated at one degree and a 
quarter, did great execution : for the (hells rolling along 
the lines with burning fufes made the (touted of the 
enemy not wait for their burfting. 

The ufe of (ire-arms was however long known before 
any theory of projectiles was formed. The Italians 
were the firft people tliat made any attempts at the theory, 
which they did about the beginning of the ifith cen¬ 
tury, and amongll them it feems the firft who wrote- 
profeffedly on the flight of cannon (hot, was Nicholas 
Tartalia, of Brcfcia, the fame author who had fo great 
a (hare in the invention of the rules for cubic equations. 
In 1^37 he publilhed, at Venice, his Nova Scientia, 
and in 1546 his Que/iti & Inventions diverf , in both 
which he treats profeffedly on thefe motions, as well as 
in another work, tranflated into l^nglilh with additions 
by Cyprian Lucar, under the title of Colloquies con¬ 
cerning the Art of Shooting in great and fmall Pieces of 
Artillery, and publilhed at London in 1588. He de¬ 
termined, that the great eft range of a (hot was when, 
difeharged at an elevation of 45“: and he afferted, con¬ 
trary to the opinion of his contemporaries, that no purt 
of the path deferibed by a ball is a right line ; although 
the curvature in the firft part of it is fo fmall, that it 
need not be attended to. He compared it to the fur- 
face.of the fea; which, though it appears to be a 
plane, is yet. doubtlefs incurvatcd round the centre u£ 


the earth. He fays he invented the gunner’s quadrant, 
for laying a piece of ordnance at any point or degree of 
elevation ; and though he had but little opportunity of 
acquiring any pra&ical knowledge by experiments, he 
yet gave (hrewd gueffes at the event of fbmc untried 
methods. 

The philofophers of thofe times alfo took part in the 
queilions aiding upon this fubjeft; and many difputes 
on motion were held, efpecially in Italy* which conti¬ 
nued till the time of Galileo, and probably gave rife to 
his celebrated Dialogues on Motion. Thele were not 
publilhed till the year 1638 ; and in the interval there 
were ptiblillicd many theories of the motion of military 
projectiles, as well as many tables of their comparative 
ranges; though for the moll pait very fallacious, and 
iiicoiilifteiit with the motions of thefe bodies. 

It is remarkable however that, during thefe contcfts, 
fo few of thofe who were intruded with the care of ar¬ 
tillery, thought it worth while to bring their theories to 
the tell ol experiment. Mr. Robins informs us, ill 
the preface to his New Principles of Gunnery, that lie 
had met with no more than four authors who had treat¬ 
ed experimentally on this fubjcCt. The fu ll of tlu fe is 
Collado, in 1642, who has given the ranges of a fal¬ 
conet, cairying a three-pound Ihot, to every point of 
the gunner’s quadrant, each point being the 12th part, 
or 7 0 and a half. ■ But from his numbers it is inanifelt 
that the piece was not charged with its ufual allotment 
of powder. The refult of his trials (hews the ranges at 
the point blanc, and the fevejal points of elevation, as 
below. 

Collado's Experiments. 
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Tbe next was by Wm. Bourne, in 1643, in his slrt of 
Shooting in Great Ordnance . His elevations were not re¬ 
gulated by the points of the Gunner’s quadrant, but by 
clegrees ; and he gives the proportions between the 
ranges at different elevations and the extent of the point- 
blauc ihot, thus : if the extent of the puiut-blanc (hot 
be represented by 1, then the proportions of the range* 
at feveral elevations will be <is below, viz. 


Bourne's Proportion of Ranges. 
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which greateft random, he fays, in a calm day Is at 42 0 
elevation j but according to the ftrength of the wind, 
and as it favours or oppofes the flight of the ihot, the 

elevation may be from 45 0 to 36*_He does not fay 

with what piece he made his trials ; though from his 
proportions it feems to have been a fmall one. This 
however ought to have been mentioned, as the relation 
between the extent of different ranges Varies extremely 
according tq the velocity and denfity of the bullet. 

After him, Eldred and Andcrfon, both Engliflitnen, 
alfo publifhed treatifes on this fubjett. The former of 
tlicfe was many years gunner of Dover C a file, where 
tnofl of his experiments were made, the earlielt of 
which are dated in i6it, though his book was not 
publifhed till 1646, and was tntitled The CunncAt 
Glufs. His principles were fufficicntly fimple, and 
within certain limits very near the truth, though they 
were not rigoroufly fo. He has given the attual 
ranges of different pieces of artillery at fmall eleva¬ 
tions, all under 10 degrees. His experiments are nu¬ 
merous, and appear to he made with great care and 
caution ; and lie has houeftly fet down fotne, which 
were not reconcilable to his method : upon the whole 
he feems to have taken more pains, and to have had a 
jufter knowledge of his hufinefa, than is to be found in 
moll of his practical brethren. 

Galileo printed his Dialogues on Motion in the year 
1646. In tlicfe lie pointed out the general laws ob- 
ferved by nature in the production and compofition of 
motion, and was the firlt who deferibed the action and 
effects of gravity on falling bodies : on tlicfe principles 
he determined, that the night of a cannon-fhot, or of 
any other projectile, would he ill the curve of a para¬ 
bola, tinlcfs fo far as it fhould he diverted from that 
track by the refinance of the air. He alfo propofed 
the means of examining the inequalities which arife 
from thence, and of duoovcring what fenliblc effects 
that rciiflancc would produce in the motion of a bullet 
at fome given dilinnet from the piece. 

Notwithstanding tlicfe determinations and hints of 
Galileo, it feems that thofe who came after him never 
imagined that it was neceffary to conlider how far the 
operations of Gunnery were affected by this rcfillancc. 

1 ahead of this, they boldly aflerted, without making 
the experiment, that no great variation could arife 
from the refill mice of the air in the flight of (hells or 
cannon (hot. In this petfuafum they fupported them- 
Alves chiefly hv roufidcring the extreme rarity of the 
air, compared with thole denfe and ponderous bodies ; 
and at kill it became an alinoft generally eflabliflied 
maxim, that the flight of tlicfe bodies was nearly in the 
curve of a parabola. 

Thus, Robert Andcrfon, in his Genuine l r fe ami 
I'.tjtcis of the Gunne , publifhed ill 1 674, a11 d again ill his 
hook, 'To hit a Marl, in ifiyO, relates a great many 
experiments; hut proceeding on the principles of Gali¬ 
leo, he ftrenuoufly aflerlsthat the flight of all bullets is 
in the curve of a parabola ; undertaking to anfwer all 
objections that could he brought to the contrary. The 
fame thing was alio undertaken by Blonde!, in his Art 
tie jrt/rr lex Bowles , publifhed ill 1683; where, after 
long difeuflinn, lie concludes, that the variations from 
the air’s refillance are fo flight as not to deferve any no¬ 
tice. The fame fubjett is treated of in the Philof. 


Tranf. N° 216, p. 68, by Dr. Halley; wh© alfd, 
fwayed by the very great disproportion between the 
denfity of the air and that of iron or lead, thought k 
rcafonable to believe that the oppofition of the air to 
large metal-fhot is feared y difcernible; although in 
fmall and light {hot he owns that it mult be accounted 
for. 

But though this liypothefis went on fmoothly in {pe¬ 
culation ; yet Andcrfon, who made a great number of 
trials, found it impoffible to fupport it without fome 
new modification. For though it does not appear tha't 
lie ever examined the comparative ranges of either can¬ 
non or mufket (hot when fired with their ufual veloci¬ 
ties, yet his experiments on the ranges of (hells thrown 
with velocities that were but fmall, in comparifon of 
thofe above mentioned, convinced him that their whole 
track was not parabolical. But inftcad of making the 
proper inferences from lienee, and concluding that the 
rcfiitance of the air was of confiderahle efficacy, he 
framed a new liypothefis ; which was, that the (hell or 
bullet at its firlt difeharge flew to a certain diitance in 
a right line, from the end of which line only it began 
to deferibe a parabola: and this right line, which he 
calls the line of the impuife of the fire, he fuppofes is 
the fame for all elevations. So that, by alfiguiiig a 

f jropcr length to this line of impuife, it was always in 
11's power to reconcile any two (hots made at any two 
different angles ; though the lame method could riot 
fucceed with three fhots ; nor indeed does he ever in¬ 
form us of the event of his experiments when three 
ranges were tried at one time. 

But after the publication of Newton’s Principia, it 
might have been ex petted, that the defetts of the theory 
would he aferibed to their true caufc, which is the great 
refifiance of the air to fitch fwift motions; as in that work 
he particularly ronfidered the fiibjett of fucli motions, 
and related the refult of experiments, made on flow mo¬ 
tions at lead; by which it appeared, that in fucli mo¬ 
tions the refiflance increafes aR the fquare of the veloci¬ 
ties, and he even hints a fufpicion that it will increafe 
above that law in fwifter motions, as is now known to 
be the cafe. So far however were thofe who treated 
this fubjett fcicntificallv, from making a proper allow¬ 
ance for the reliftance of the atmofpliere, that they flill 
negletted it, or rather oppofed it, and thtir theories 
flill differed molt egrcgioully from the truth. Huy¬ 
gens alone feems to have attended to this principle : for 
in the year 1690 he publifhed a treatife on gravity, in 
which he gave an account of fome experiments tending 
to prove that the track of all projectiles, moving with 
very fwift motions, was widely different from that of a 
parabola. The reft of the learned generally aetjiiicfeed 
m the juflnefs ahd fufliciency of Galileo’* dottrine, and 
accordingly very erroneous calculations concerning the 
ranges of cannon were given. Nor was any farther 
notice taken of tlicfe errors till the year 1716, at 
which time Mr. Redons, a French officer of artillery, 
of great merit and experience, gave in a memoir to the 
Royal Academy, importing that, “ although it was 
agreed that theory joined with prattice did conllitute 
the perfeftion of every art; yet experience had taught 
him that theory was of very little fervicc in the ufe of 
mortars: That the works of M. Blondel had juftiy 
enough deferibed the fevvral parabolic lines, according 
4 C z to 
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to the different degrees of the elevation of the piece ; 
but that pru&ice had convinced him there was no 
theory in the effect of gunpowder ; for having endea¬ 
voured, with the greateft precifion, to point a mor¬ 
tar according to thefe calculations, he had never been 

able to eftabiiih any folid foundation upon them.”- .— 

One inftance only occurs in which D. Bernoulli ap¬ 
plies the doctrine of Newton to the motions of pro¬ 
jectiles, in the Com. Acad. Pctrop. tom. 2, pa. 338 
&c. Beiides which nothing faithcr was done in this 
buiinefg till the time of Mr. Benjamin Robins, who 
publifhed a treatife in 1742, intitled New Principles of 
Gunnery, in which he treated particularly, not only of 
the relillanee of the atmofphere, but alfo of the force 
of gunpowder, the nature and effects of different guns, 
and almoft every thing elfe relating to the flight or mi¬ 
litary projectiles; and indeed he carn'ed the theory of 
gunnery nearly to its turnoff.perfection. 

The firft thing eonfidered by Mr. Robins, and which 
is indeed the foundation of all other particulars relating 
to Gunnery, is the explofive force of gunpowder. M. 13 e 
la Hire, in the Hift. of the Acad, of Sciences for the year 
1702, fuppofed that this force may be owing to the 
iucreafed elaflicity of the air contained in, and between 
the grains, in confequence of the heat and fire pro¬ 
duced at the time of the explofion : a caufe not ade¬ 
quate to the 200th part of the effect. On the other 
hand, Mr. Robins determined, by irrefragable experi¬ 
ments, that this force was owing to an elaffic fluid, 
fimilar to our atmofphere, exiffing in the powder in an 
extremely condenfcd ftate, which being fuddenly freed 
from the powder by the combuffion, expanded with an 
amazing force, and violently impelled the bullet, or 
whatever may oppofe its expanfion. 

The inteniity of this force of exploded gunpowder 
Mr. Robins ascertained in different ways, after the ex¬ 
ample of Mr. Hawkfbec, related in the Philof. Tranf. 
N° 295, and bis Phyfico-Mcchan. Expcr. pa. 81. One 
of thefe is by firing the powder in the air thus: A 
iinall quantity of the powder is placed in the upper part 
of it giafs tube, and the lower part of the tube is im- 
merged in water, the water being made to rife fo near 
the top, that only a fmall portion of air is left in that 
part where the powder is placed : then in this fituutiou 
the communication between the upper part of the tube 
and the external air being elofed, the powder is fired 
by means of a burning giafs, or otherwife; the water 
defeends upon the explofion, and Hands lower in the 
lube than before, by a fpace proportioned to the quan¬ 
tity of powder filed. 

Anotfler way was by filing the powder in vacuo, viz, 
in an exhaufted receiver, by dropping the grains of 
powder upon a hot iron included in the receiver. By 
this means a permanent elaffic fluid was generated from 
the fired gunpowder, and the quantity of it was always 
in proportion to the quantity of powder that was ufed, 
as was found by the proportional finking of the mercu¬ 
rial gage annexed to the air pump. The refult of thefe 
t experiments was, that the weight of the elaffic air thus 
generated, was equal to of the compound mafs of 
the gunpowder which yielded it; and that its bulk, 
when cold and expanded to the rarity of common at- 
mofpheric air, was about 240 times the bulk of the 
powder} and coufcqucutiy in the fame proportion 


would fuch fluid at firft, if it were cold, exceed th# 
force or elaflicity of the atmofphere. But as Mr. 
Robins found, by another ingenious experiment, that 
air heated to the extreme degree of the white heat of 
iron, has its elatticity quadrupled, or is 4 times aa 
ilrong; he thence inferred that the force of the elaffic 
air generated as above, at the moment of the explofion, 
is at leaf! 4 times 240, or 960, or in round numbers 
about 1000 times as ilrong as the elaflicity or preffure 
of the atmofphere, on the fame fpacc. 

Having thus determined the force of the gunpowder,- 
or inlinfity of the agent by which the projectile is to 
be urged, Mr. Robins next proceeds to determine the 
cffcCtr. it will produce, or the velocity with which it 
will impel a (hot of a given weight from a piece of 01 fi¬ 
nance of given dimenfions; which is a problem Hi icily 
limited, and perfectly foluble by mathematical 1 tiles., 
and is in general this ; Given the firft force, and the 
law of its variation, to determine the velocity with 
which it will impel a given body in palling through a 
given fpace, which is the length of the bore of the gun. 

In the filiation of this problem, Mr. Robins aHunics 
thefe two poftulatcs, viz, t. That the action of the 
powder on the bullet ceafes as foon as the bullet is out 
of the piece ; and 2d, That all the powder of the 
charge is fired and converted into elaitic fluid before 
the bullet is fenfibly moved from its place : aflumptions 
which for good reafons are fouud to be in many cafes 
very near the truth. It is to be noted alfo, that the 
law by which the force of the elaffic fluid varies, is 
this, viz, that its inteniity is directly as its deufity, or 
reciprocally proportional to the fpace it occupies, being 
fo much the ilrongcr as the fpace is lets : a principle 
well known, and common to all elaffic fluids. Upon 
thefe principles then Mr. Robins refolvcs this problem, 
by means of the 39th prop, of Newton’s Principia in a 
direct way, and the refult is equivalent to this theorem, 
when the quantities arc exprefled by algebraic fyinbolsj, 
viz, the velocity of the ball 



where v is the velocity of the ball, 

a the length of the charge of powder, 
b the whole length of the bore, 

1 the fpec. grav. of the ball, or wt. of a cubic foot 
of the fume matter in ounces, 
el the diam. of the bore, 
w the wt. of the ball in ounces. 


For example, Suppofc a = 2\ inc., I —45 inclu*, 
e — 11345 oz, for a ball of lead, and tl — j inches; 


then v =. 27130 


v/ 


, 120 , - 

, X log.- — 1074 feet 

2269 5 7 


per fecond, the velocity of the balk 

Or, if the wt. of the bullet be w — ox — ^ oz. 


Thai v = 100 
feet, as before. 


115 x 180 . 120 , 

*/ ---- X log.-= 167+ 

v 29 X 32 0 “ 


“ Having in this propofition, favs Mr. Robins, 
fliewn how the velocity, which any bullet acquires from 

the 
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the force of powder, may be computed upon the prin¬ 
ciples of the theory laid down in the preceding propo- 
fitions ; we (hall next fhew, that the a&ual velocities, 
with which bullets of different magnitudes are impelled 
from different pieces, with different quantities of pow¬ 
der, are really the fame with the velocities affigned by 
thefe computations ; and confequcutly that this theory 
vf the force of powder, here delivered, does unqueftion- 
ably afaertain the true adlion and modification of this 
enormous power. 

“ But in order to compare the velocities communi¬ 
cated to bullets by the cxplofion with the velocities re- 
fulting from the theory by computation; it is necef- 
fary that the actual velocities with which bullets move, 
fhould be capable of being difeovered, which yet is im- 
roffible to be done by any methods hitherto made pub¬ 
ic. The only means hitherto praCtifcd by others for 
that p'irpofe, have been either by obferving the time of 
the flight of the fhot through a given fpacc, or by 
meafunng the range of the (hot at a given elevation $ 
and t hence computing, on the parabolic hypothefis, 
what velocity would produce this range. The firft 
method labours under this infurmountable difficulty, 
that the velocities of thefe bodies are often fo fwift, 
and confequently the time obferved is fo ihort, that an 
imperceptible error ifl that time may occafion an error 
in the velocity thus found, of 2, 3, 4, 5, or 600 feet in 
a fecond. The other method is fo fallacious, by reafon 
of the refiftance of the air (to which inequality the firft 
is alfo liable), that the velocities thus affigned may not 
be perhaps the 10th part of the aCtual velocities 
fought. 

“ To remedy then thefe inconveniences, I have in¬ 
vented a new method of finding the real velocities of 
bullets of all kinds; and this to fuch a degree of ex- 
aCtuefs (which may be augmented too at pleafure), 
that in a bullet moving with a velocity of 1700 feet in 
l", the error in the eflimation of it need never amount 
to its 300th part; and this without any extraordinary 
nicety in the conftru&ion of the machine.” 

Mr. Robins then gives an pccount of the machine 
by which he meafures the velocities of the balls, which 
machine is Amply this, vi/., a pendulous block of wood 
fufpended freely by a horizontal axis, againft which 
block are to be fired the balls whofc velocities arc to be 
determined. 

“ This inftrument thus fitted, if the weight of the 
pendulum he known, and likevvife the rcfpeCtivc diilau- 
ecs of its centre of gravity, and of its centre of ofcilla- 
tion, from its axis of fufpenJion, it will thence be known 
what motion will be communicated to this pendulum 
by the percuffion of a body of a known weight moving 
with a known degree of celerity, and ftriking it in a 
given point; that is, if the pendulum be fuppofed at 
reft before the percuffion, it will be known what vibra¬ 
tion it ought to make in confequcnce of fuch a deter¬ 
mined blow; and, on the contrary, if the pendulum, 
being at reft, is ftruck by a body of a known weight, 
and the vibration, which the pendulum makes after the 
blow, is known, the velocity of tbo ftriking body may 
from thence be determined. 

“ Hence then, if a bullet of a known weight ftrikes 
the pendulum, and the vibration, which the pendulum 
makes in confequcnce of the ftrokc, be afeertained; 


the velocity with which the ball moved, is thence to bo* 
known.” 

Mr. Robins tben explains liis method of computing 
velocities from experiments with this machine; which 
method is rather troublefome and perplexed, as well as 
the rules of Euler and Antoni, who followed him in 
this bufinefs, but a much funnier rule is given in my 
Tra&s, vol. 1, p. 119, where fuch experiments are ex¬ 
plained at full length, and this rule is exprefled by 
either of the two following formulas, 

<0 = 5*6727 eg X 614*58;? X ~ t -- t the 

vir 4 bmi 

velocity; where v denotes the velocity of the ball when' 
it ftrikes the pendulum, p the weight of the pendulum; 
b the weight of the ball, c the chord of the arc defcribcd ; 
by the vibration to the radius r, g the diftance below 
the axis of motion to the centre of gravity, o the dif¬ 
tance to the centre of ofcillation, i the diftance to the 
point of impaCt, and n the number of ofcillations the 
pendulum will perform in one minute, when made to 
ofcillate in fmall arcs. The latter of thefe two theorems 
is much the eufieft, both becaufc it is free of radicals, 
and becaufe the value of the radical ^/o, in the former, 
is to be firft computed from the number «, or number 
of ofcillations the pendulum is obferved to make. 

With fucli machines Mr. Robins made a great num¬ 
ber of experiments, with mufket barrels of different! 
lengths, with balls of various weights, and with diffe¬ 
rent charges or quantities of powder. He has fet> 
down the refults of 61 of thefe experiments, which- 
ncarly agree with the ciyrrefponding velocities as com¬ 
puted by his theory of the force of powder, and which* 
therefore eftnhlifti that theory on a Jure foundation. 

From thefe experiments, as well as from the preceding- 
thcoiy, many important concluiions were deduced by 
Mr. Kobins; and indeed by means of thefe it is ob¬ 
vious that every thing may be determined relative both' 
to the true theory of projectiles, and to the pra&ice of 
artillery. For, by firing a piece of ordnance, charged 
in a fimilar manner, againft fuch a balliitrc pendulunf 
from different diftances, the velocity loft by palling- 
through fuch fpaces of air will be found, and confe- 
quently the refinance of the air, the only circumftance 
that was wanting to complete the theory of Gunnery,, 
or military projectiles; and of this kind I have fince 
made a great number of experiments with cannon balls, 
and have thereby obtained the whole feries of refin¬ 
ances to fuch a ball when moving with every degree of 
velocity, from o up to 2000 feet per fecond of time. 
In the ftru&ure of artillery, they may likevvife be of 
the greateft ufc: For hence may be determined the 
bell lengths of guns ; the proportions of the fhot ami- 
powder to the fcveral lengths; the thickncfs of a piece, 
fo as it may be able to confine, without buriling, any 
given charge of powder; as alfo the effect of wads, 
chambers, placing of the vent, ramming the powder,. 
&c. For the many other curious circumftances relat¬ 
ing to this fubjeCt, and the various other improvements 
in the theory and practice of Gunnery, made by 
Mr. Robins, confult the firft vol. of his TraCis, collect- 
•cd and publiflied by Dr. Wilfon, in the year 1761, 
where ample information may be found. 

Soon after the firft publication of Robins’s New. 
Principles of Gunnery, in 1 742, the learned in feversi* 

•Uur. 
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other nations, treading in his fteps, repeated and farther 
extended the fame lubjeCt, fometimes varying and en¬ 
larging the machinery; particularly Euler m Germany, 
D’Antoni in Italy, and Meffrs. D’Arcy and Le Roy 
in France. But molt of thefe, like Mr, Robins, with 
fmall fire-arms, fuch as mufkets, and fufils. 

But in the year 1775, in conjunction with feveral 
able officers of the Royal Artillery, and other ingenious 
gentlemen, 1 undertook a courfe of experiments with 
the balliilic pendulum, in which we ventured to extend 
the machinery to cannon fhot of 1, 2, and 3 pounds 
weight. An account of thefe experiments was pub- 
li(bed in the Philof. Tranf. for 1778, and for which the 
Royal Society honoured me with the prize of the gold 
medal. “ Thefe were the only experiments that I 
know of which had been made with cannon balls for 
this purpofe, although the conclufions to he deduced 
from fuch, are of the greatefl importance to thofc parts 
of natural philofophy which are dependent on the ef¬ 
fects of fired gunpowder; nor do 1 know of any other 
practical method of afeertaining the initial velocities 
within any tolerable degree of the truth. The know¬ 
ledge of this velocity is of the utmofl confequence in 
Ghnnery: by means of it, together with the law of the 
refiitance of the medium, every thing is determinable 
relative to that buiinefs ; for, bcfidcs its being an ex¬ 
cellent method of trying the ftrength of different forts 
of powder, it gives us the law relative to the different 
quantities of powder, to the different weights of (hot, 
and to the different lengths and fixes of guns. Be- 
fides thefe, there does not feem to be any thing want¬ 
ing to anfwer any inquiry that can be made .concerning 
the flight and ranges of (hot, except the effeCts arifing 
from the reiiflance of the medium. In thefe experi¬ 
ments the weights of the pendulums employed were 
from 300 to near 600 pounds. In that paper is de- 
feribed the method of conftruCting the machinery, of 
finding the centres of gravity and ofcillation of the pen¬ 
dulum, and of making the experiments, which are all 
fet down in the form of a journal, with all the minute 
and concomitant circumftances ; as alfo the inveltiga- 
tion of the new and eafy rule, fet down jull above, ior 
computing the velocity of the ball from the experi¬ 
ments. The charges of powder were varied from 2 to 
8 ounces, and the (hot from 1 to near 3 pounds. And 
from the whole were clearly deduced thefe principal in¬ 


ferences, viz, 

“ 1. Firlt, That gunpowder fires almoft inftantaneouf- 
Jy.—2. That the velocities communicated to balls or 
(hot, of the fame weight, by different quantities of 
powder, are nearly in the fubduplicate ratio of, thofc 
quantities: a fmall variation, in defeat, taking place 
when the quantities of powder became great.—3. And 
when (hot of different weights are employed, with the 
fame quantity of powder, the velocities communicated 
to them, are nearly in the reciprocal fubduplicate ratio 
of their weights.—4. So that, univcrfally, (hot which 
are of different weights, and impelled by the firing of 
different quantities of powder, acquire velocities which 
are direCtiy as the fquare roots of the quantities of 
powder, and inverlely as the fquare roots of the 
weights of the (hot, nearly.—5. It would therefore be 
a great improvement in artillery, to make ufe of (hot of 
a long form, or of heavier matter j for thus the mo¬ 


mentum of a (hot, when fired with the fame Weight of 
powder, would be increafcd in the ratio of the ujuare 

root of the weight of the (hot_6. It would alio be 

an improvement to diminifh the windage > for by fo 
doing, one-third or more of the quantity of powder 
might be faved.—7, When the Improvements men¬ 
tioned in the laft two articles are confidered as both 
taking place, it is evident that about half the quantity 
of powder might be faved, which is a very confitlcrable 
ohjedt. But important as this faring may be, it feems 
to be ftill exceeded by that of the article of the guns; 
for tlui6 a fmall gun may he made to have the effeCfc 
and execution of another of two or three times its fize 
in the prefent mode, by difeharging a (hot of two or 
three times the weight of its natural hall or round (lvot. 
And thus a fmall (hip might difeharge (hot as heavy aa 
thofe of the greatefl now made ufe of. 

“ Finally, as the above experiments exhibit the re- 

f filiations with regard to the weights of powder and 
tails, when fired from the fame piece of ordnance, &c ; 
fo by making fimilar experiments with a gun, varied in 
its length, by cutting off from it a certain part before 
each courfe of experiments, the effects and general 
rules for the different lengths of guns may be certainly 
determined by them. In (liort, tly.' principles on whieit 
thefe experiment* were made, are fo fruitful in eonfe- 
quences, that, in conjunction with the effects refulting 
from the refinance of the medium, they feem to be fuf- 
ficicnt for anfwering all the enquiries of the fpeculative 
philofopher, as well as thofe of the practical artille- 
rift. 

In the year 1786 w'as publilhed the firfl volume of 
my TraCts, in which is detailed, at great length, an¬ 
other very extenfive courfe of experiments which were 
carried on at Woolwich in the years 1783, 1784, and 
178s, by order of the Duke of Richmond, Matter Ge¬ 
neral of the Ordnance. The objects of this courfe 
were very numerous, but the principal of them were 
the following 1 

“ 1. The velocities with which balls are projected 
by equal charges of powder, from pieces of the fame 
weight and calibre, but of different lengths. 

“ 2. The'velocities with different charges of pow¬ 
der, the weight and length of the-gun being the fame. 

“ 3. The greatefl velocity due to the different 
lengths of guns, to be obtained by increafmg the charge 
as far as the reiiflance of the piece is capable of fuflam- 
ing. 

“ 4. The effeCt of varying the weight of the piece; 
every thing elfe being the fame. 

** y. The penetration of balls into blocks of wood. 

‘‘ 6. The ranges and times of flight of balls; to 
compare them with their initial velocities for determin¬ 
ing the reiiflance of the medium. 

“ 7. The effeCt of wads ; 

of different degrees of ramming; 
of different degrees of windage ; 
of different poiitions of the vent; 
of chambers, and trunnions, and every other 
circumflaiice neceffary to be known for the 
improvement of artillery.” 

All thole objeCts were obtained 111 a very perfeCl and 
accurate manner j excepting only the article of ranges, 
which were not quite fo regular and uniform at might 
6 be 
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l* lifted. The balls too were mod of them of one 
pound weight; but the powder was increafed from 1 
ounce, up till the bore was quite full; and the pendu¬ 
lum was from 600 to 8oolb. weight. The conclufions 
from the whole were as follow: 

“ 1. That the former law, between the charge and 
velocity of ball, is again confirmed, viz, that the velo¬ 
city is direftly as the fquare root of the weight of 
powder, as far as to about the charge of 8 ounces: 
and fo it would continue for all charges, were the guns 
of an indefinite length. But as the length of the 
charge is increafed, and bears a more confiderable pro¬ 
portion to the length of the bore, the velocity falls the 
more fliort of that proportion. 

“ 2. That the velocity of the ball increafes with the 
charge to a certain point, which is peculiar to each 
gun, where it is greateft ; and that by farther increaf- 
mg the charge, the velocity gradually diminifhes, till 
the bore is quite full of powder. That this charge for 
the greateil velocity is greater as the gun is longer, but 
not greater however in fo high a proportion as the 
length of the gun is, fo that the part of the bore filled 
with powder bears a lefs proportion to the whole in the 
long guns, than it does 111 the fiiort ones ; the part of 
the whole which is filled being i.idced nearly in the re¬ 
ciprocal fubduplicate*ratio of the length of the empty 
part. A'nd the other circumltances are as in this 
tabic. 



“ 3. It appears that the velocity continually in¬ 
creafes as the gun is longer, though the increafc 111 ve¬ 
locity is but very fmall in refpeft of the increafe in 
length, the velocities being in a ratio fomewhat lefs 
than that of the fquare roots of the length of the bore, 
but fomewhat greater than that of the cube roots of 
the length, and is indeed nearly iu the middle ratio be¬ 
tween the two. 

" 4. The range increafes in a much lefs ratio tlmn 
the velocity, and indeed is nearly as the fquare root of 
the velocity, the gun and elevation being the fame. 
And when this is compared with the property of the 
velocity and length of gun in the foregoing paragraph, 
we perceive that very little is gained in the range by 
a great increafe in the length of the gun, the charge 
bang tire fame. And indeed the range is nearly as the 
5th root of the lciigth of the bore; which is fo fmall 
ail increafe, as to amount only to about {th part more 
sange for a double length of gun. 

“ j. It alfo appears that the time of the ball’s Bight 


is nearly as the range j the gun and elevation being th« 
fame. 

** 6 . It appears that there is no fenfible difference ' 
caufed in the velocity or range, by varying the weight 
of the gun, nor by the ufe ofwads, nor by different de¬ 
grees of ramming, nor by firing the charge of powder 
in different parts of it. 

“ 7. But a great difference iu the velocity arifea 
from a fmall degree of windage. Indeed with the 
tifual eftablifhed windage only, namely, about ^gth of 
the caliber, no lefs than between \ and J of the powder 
efcapes and is loll. And as the balls are often fmaller 
than that fize, it frequently happens that half the 
powder is loll by unneceilary windage. 

“ 8. It appears that the refilling force of wood, to* 
balls fired into it, is not couftant. And that the 
depths penetrated by different velocities or charges, 
arc nearly as the logarithms of the charges, infteao of’ 
being as the charges themfelves, or, which is the fame 
thing, as the fquare of the velocity. 

“ 9. Thefe, and moil other experiments, (hew that 
balls are greatly deflected from the direction they are 
projected in ; and that fo much as 300 or 400 yards in 
a range of a mile, or almofl £th of the range, which is 
nearly a deflexion of an angle of 15 degrees. 

“ 1 o. Finally, thefe experiments fumifh us with the fol¬ 
lowing concomitant data, to a tolerable degree of accura¬ 
cy, namely, the dimenfions and elevation of the gun, the 
weight and dimenfions of the powder and (hot, with 
the range and time of flight, and the firft velocity of 
the ball. From which it is to be hoped that the 
mcafure of the refiftance of the air to proje&iles, may 
be determined, and thereby lay the foundation for *• 
true and pra&ical fyftem of Gunnery, which may be 
as well ufcful in fervice as in theory.” 

Since the publication of thole Trafts, we have proie- 
cuted the experiments ftill farther, from year to year,, 
gradually extending our aim to more objc&s, and en- 
targing the guns and machinery, till we have arrived at 
experiments with the 6 pounder guns, and pendulums 
of 1800 pounds weight. One of the new objefts of. 
enquiry, was the refiftance the atmofphere makes to 
military proje£tiles $ to obtain which, the guns have 
been placed at many different distances from the pen¬ 
dulum, agaihft which they are fired, to get the velocity 
loft in palling through thofe fpaces of air ; by which, 
and the ufe of the whirling machine, deferibed near 
the end of the ill vol. of Robins’s Trails, for the 
flower motions, I have inveiltgatcd the refiftance of the 
air to given balls moving with all degrees of velocity,, 
from o up to 2000 feet per fccond; as well as the re¬ 
fiftance for many degrees of velocity, to planes and 
figures of other fhapes, and inclined to their path in 
aQ varieties of angles; from which I have deduced ge¬ 
neral laws and formulas for all fuch motions. 

Mr. Robins made alfo fimilar experiments on the re¬ 
fiftance of the air; but being only with imifket bullets, 
on account of their fmallnefs, and of their change of 
figure by die explofion of the powder, I find they are 
very inaccurate, and confiderably different from thofe 
above mentioned, which were accurately' made with 
pretty confiderable cannon balls, of iron. For which 
reafon we may omit here the rules and theory deduced 
from them by Mr. Robins,. tiQ'others more currefl ihall! 

have 
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have been c-ft ablilhed. All thefe experiments indeed 
agree in evincing the very enormous refinance the air 
makes to the fwift motions of military projectiles, 
amounting in fome cafes to 10 or 30 times the weight 
of the ball itfelf; on which account the common rules 
for projectiles, deduced from the parabolic theory, are 
of little or no ufe in real practice ; for, from thefe ex¬ 
periments it is clearly proved, that the track deferibed 
hv the flight even of the hcavieft (hot, is neither a pa¬ 
rabola, nor yet approaching any thing near it, except 
when they arc projected with very fmall velocities ; in 
fo much that fome balls, which in the air range only 
to the dillancc of one mile, would in vacuo, when 
projected with the fame velocity, range above 10 or 20 
times as far. For the common rules of the parabolic 
theory, fee Projectiles. And for a_fmall fpccimen 
of my experiments on refinances, fee the 2d vol. of the 
Edinburgh Pliilof. Tranf. ; as alio my Conic Sections 
and Select Exereifes, at the end, allb the articles 
Force, and Resistance, in this Dictionary. 

Mr. Benjamin Thompfon inllituted a very conlider- 
able courfc of experiments of the fame kind as tliofe of 
Mr. Robins, with mu fleet barrels, which was publifhed 
hi the Pliilof. Tranf. vol. 71, for the year 1781. In 
thefe; experiments, the conclnfions of Mr. Robins are 
generally confirmed, and feveral other curious circum- 
ftantes in this lrufinefs arc remarked by Mr. Thomp¬ 
fon. This gentleman alfo purfues a hint thrown out 
bv Mr. Robins relative to the determining the velocity 
tif a ball from the recoil of the pendulous gun itfelf. 
Mr. Robins, in prop. 11, remarks that the effefl of the 
exploded powder upon the recoil of the gun, is the 
fume, whether the gun is charged with a ball, or with¬ 
out one ; and that the chord, or velocity, of recoil with 
the powder alone, being fubtraefed from that of the re¬ 
coil when charged with both powder and ball, leaves the 
velocity which is due to the ball alone. From whence 
Mr. Thompfon obferves, that the inference is obvious, 
viz, that the momentum thus communicated to the 
gun by the ball alone, being equal to the momentum 
of the ball, this becomes known ; and therefore being 
divided by the known weight of the ball, the quotient 
will be its velocity. Mr. Thompfon fets a great va¬ 
lue on this new nile, the velocities by means of which. 
Ire found to agree nearly with feveral of thofe deduced 
from the motion of the pendulum; and in the other cafes 
in which they differed greatly from thefe, he very incon- 
iiftently fuppofes that thefe latter ones are erroneous. 
In the experiments however" contained in my Trafts, a 
great multitude of thofe cafes are compared together, 
and the inaccuracy of that new rule is fully proved. 

Having in the 9th prop, compared together a num¬ 
ber of computed and experimented velocities of balls, to 
verify his theory : in the IOth prop. Mr. Robins aifigns 
the changes in the force of powder, which arife from 
the different Rate of the atmofphcre, as to heat and 
Rioifture, both which he finds have fome effect on it, 
but efpecially the latter. In prop. 11 he invelligates 
the velocity which the flame of gunpowder acquires 
by expanding itfelf, fuppofing it fired in a given piece 
of artillery, without either a bullet or any other body 
before it. This velocity he finds is upwards of 7000 feet 
per fecond. But the celebrated Euler, in his commen¬ 
tary on this part of Mr. Robins's book, thinks it may be 
5 


ftill much greater. And in this prop, too it is that 
Mr. Robins declares his opinion, above alluded to, viz, 
that the effeft of the powder upon the recoil of the gun 
is the fame, in all call's, whether fired with .a ball, or 
without one.—In prop. 12- he ascertains the manner in 
which the flame of powder impels a ball which is laid 
at a confidcrable dillancc from the charge; Ihewing 
here that the fudden accumulation and denfity of the 
fluid againft the ball, is the reafon that the barrel is 
fo often burft in thofe cafes.-—In prop. 13 he enume¬ 
rates the various kinds of powdery and deferibes the 
ropcrefl methods of examining its goodnefs. He 
ere fiiews that the bcil proportion of the ingredients, 
is when the faltpetrc is j of the whole compound ftiafs 
. of the powder, and the ftilphur and charcoal the other 
4 between them, in equal quantities. In this prop. 
Mr. Robins takes occaiion to remark upon the ufe of 
eprouvettes, or methods of trying pmvdcr ; condemning 
the practice of the Englifh in tiling what is called the 
vertical eprouvette; as Well as that of the French, in 
ufing a fmall mortar, with a very large ball, and a finall 
charge of powder: and inftcacl of th.'fe, lie lliongly 
recommends the ufe of iiis hnliiilic pendulum, for hs 
great accuracy : Hut for 11 ill nu»rc dlfpateh, lie fays 
he Ihoukl ufe another method, which however he re¬ 
ferees to iiimfilf, without giving any particular de- 
feription of it. From what has hien done by Mr. 
Robins upon this head, feveral pci Tons have introduced 
his method of fufpending the gun as a pendulum, and 
noting the quantity of its ofeillatmg recoil when fired 
with a certain quantity of powder ; and of this kind 1 
have contrived a machine, which poll'cll'cs feveral ad¬ 
vantages over all others, being extremely fiinplc, ac¬ 
curate, and expeditious; fo much fo indeed, that the 
weighing out of the powder is the chief part of the 
trouble, flee Gunpowder, and Eprouvette. 

The other or 2d chapter of Mr. Robins’s work, in 
8 propofitions, treats “ of the refiftance of the air, 
and of the track deferibed by the flight of (hot and 
fln*lls.” And of thefe, prop, j deferibes the general 
principles of the refiftance of fluids to folid bodies 
moving in them. Here Mr. Robins diferiminates be¬ 
tween continued and comprefl'ed fluids, which imme¬ 
diately ru(h into the fpacc quitted by a body moving in 
them, and whofe parts yield to the impulfc of the body 
without condenfing and accumulating before it; and 
fueli fluids as are imperfcdlly compreffed, ruffling into 
a void fpace with a limited velocity, as in the cafe of 
our atmofphere, which condenfes more ami more be¬ 
fore the ball as this moves quicker, and alfo prefles 
the lefs behind it, by following it always with only a 
given velocity: hence it happens that the former fluid 
will redd moving bodies in proportion to the fqtiare 
of the velocity, while the latter refills in a higher 
proportion.—Propofition 2 is “ to determine the re- 
fi (lance of the air to projedtiles by experiments.” One 
of the methods for this purpole, is by the balliltic 
pendulum, placing the gun at different diilances from 
it, by which he finds the velocity loft in palling through 
certain fpaces of air, and consequently the force of re¬ 
fiftance to fuch velocities as the body moves with in the 
feveral parts of its path. And another way was by 
firing balls, with a known given velocity, over a large 
piece of water, in which the fall and plunge of the ball 

could 
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could beieeiyand confequently the fbaceit palled wtr 
Epa given time. By thefe meant Mr. .Robins deter' 
mined the rcfiftancet of the air to federal different ve¬ 
locities; , h 11 which /hewed that there was « gradual 
increase ©f^the refiftance, over the law of the fquare 
of the velocity, m the body moved quicker.^—In the 
remaining proportions of this chapter, he . proceed* 
a little farther in• this fubjeft of the refi fiance of the 
air} in which he lay* down a rule for the proportion 
of the refiftance between two affigned velocities; and 
lie /hews that when a 24 pound ball, fired with its 
full charge of powocr, firft iffues from the piece, the 
refifiance it meets with from the air is more than 20 times 
its weight. He farther ihews that ** the track deferibed 
by the fiight of (hot or /hells is neither a parabola, nor 
nearly a parabola, unlefs they are projected with (mall 
velocitiesand that “ bullets in their fiight are not 
only deprefied beneath their original direction by the* 
a£uon of gravity, but are alfo frequently driven to the 
right or left of that direction by the aCUon of fome 
other force: and in the 8th or lan propofitton, he - 
pretends to /hew that the depths of penetration of balls 
into firm fubftancea, are as the fquares-of the velocities. 
But this is a miltake $ for neither does it appear that 
his trials were fufficiently numerous or various, nor 
were Us fmall leaden ‘balls fit for this purpofe j and I 
have found, from a number of trials with iron cannon 
balls, that the penetrations are in a much lower pro* 
portion, and that the refilling force of wood is not 
uniform. See my Tracts. 

In the following fmall traCts, added to the principles, 
in this volume, Mr. Robins profecutes’ the fubjeCt of 
the rcfiftance of the air much farther, and lays down 
rules for computing ranges made in the air. But thefe 
muft be far from accurate, as they are founded on the 
two following principles, which I know, from nume¬ 
rous experiments, are erroneous: via, ift, “ That till 
the velocity of the projedrile furpafies that of 1100 feet 
in a fecund, the refiftance may be efteemed to be in 
the duplicate proportion of the velocity. 2d, That if 
the velocity be greater than that of ti or 1200 feet in 
a fecond, then toe abfolutc quantity of that refiftance 
in thefe greater velocities will be near 3 times as great, 
as it fhould be by a comparifon with the fmaller velo¬ 
cities,” For, infuad of leaping at once from the law 
of the fquare of the velocities, *nd ever after being 
about 3 times as much, my experiments prove that the 
increafe of the refiftance above the law of the fquare of 
the velocity, takes place at fir/l in the fmalleft mo¬ 
tions, and increafes gradually more and more, to a cer¬ 
tain point, but never rifes fo high as to be 3 rinses that 
quantity, after which it decreafes again. To render 
this evident, I have inferted the following table of the 
adriud quantities of rdiftances, whichme deduced 
from accurate experiments, and which /hew alfo the 
P ; 'tv re of the law of the variations, by means of the 
columns of differences annexed} referving the detail 
«f the experiments themfelvcs to another occafion. 
Thefe refiitances are, upon a ball of 1*965 iuc. dia- 
mete r t in avoirdupois ouncei, and arc for all velocities, 
from o, up to that of 2000 fact per fccond of time. 
Vot- I. 


Tie quantity tit refiftmee vf tie mr to « hB 
' 1 * 96 $ tnc. diameter . 


Veloc. in 
fc«t 

Refift. in 
ounce* 

0 

0*000 , 

5 

0*006 

xo 

0:025 

*5 

0*054 

20 

0*100 

*5 

0*155 

30 

0*23 

¥> 

0*42 

5 ° 

. 0*67 

100 

*1 

200 

11 

300 

*5 

400 

45 

500 

7 * 

600 

107 

700 

* 5 * 

800 

205 

900 

271 

1000 

35 ° 

1100 

44 * 

1200 

546 

1300 

661 

1400 

785 

1500 
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The additional trails of Mr. Robins, in the latter 
part of this volume, which contain many ufeful and 
important matters, are numbered and titled as follows, 
viz, Number 1, “ Ofthe refiftance of the air. Number 
2, Of die refiftance of the air} together with the me¬ 
thod of computing the motions or bpdies projected m 
that medium. Number 3, An account of the experi¬ 
ments, relating to the refiftance of the air, exhibited at 
different rimes before the Royal Society, in the year 
1746. Number 4, Of the force of fired gunpowder, 
together with the computation of the velocities there¬ 
by communicated to military projectiles. Number 5, 
A comparifon of the experimental ranges of cannon 
and mortars with the theory contained in the preceding 
papers.-—Pra&icaTMaxims relating to the effects and 
management of artillery, and the flight of /hCHs and 
/hot.—A propofal for increafing the ftrength of the 
Briri/h navy, by changing all the guns, from the 18 
pounders downwards,'into others of equal weight, but 
of a greater bore.” ' With feveral * letters, and other 
papers, “ On pointing or the directing of cannon to 
ftnke diftaht obje&s; Of the nature and advantage of 
rifled barrel pieces,” &c. • , 
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I have dwelt thus long on Mr. Robing’* New prin¬ 
ciples of Gunnery, bccaufe it is the firft work that can 
be confidered as attempting to efUblifi) m practical fyf- 
tem of gunnery, and projeftiles, on good-experiments, 
on the force of gunpowder, on the refinance of the 
air, and on the effefts of diffeaent pieces of artillery. 
Thofe experiments are however not fufficiently perfeft, 
both on account of the fmallnefs of the bullets, and 
for want of good ranges, to form a proper theory 
upon. I have Supplied fome of the neceflary defiderata 
for this purpofe, via, the refinance of the.air to can¬ 
non balls moving with all degrees of velocity, and the 
velocities communicated by given charges of powder to 
different 'balls, and from different pieces of artillery. 
But there are ftill wanting good experiments with dif¬ 
ferent pieces of ordnance, giving the ranges and times 
of flight, with all varieties of charges, and at all dif¬ 
ferent angles of elevation. A few however of thofe I 
have obtained, as in the following fmall tabic, which 
are derived from experiments made with a medium one- 
pounder gun, the iron ball being nearly 2 inches in 
diameter. 
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The celebrated Mr. Euler added many excellent dif- 
feitations on the fubjeft of Gunnery, in his tranilation 
of Robins’s Gunnery into the German language; which 
were again farther improved in Brown’s tranilation of 
the fame into Engliih m the year 1777. See alfo An. 
toni’s Examen de fa Poudre } the experiments of MM. 
D’Arey and Le Roy, in the Memoirs of the Acade¬ 
my in 1751 ; and D’Arcy’s EJfai Pune tbeorie Part 'd- 
Icrie in 1760: my Tracts; and paper on the force of 
fired gunpowder in the Philof. Tranf. for 1778; and 
Thompfon’s paper on the feme fubjeft in 1781. Of 
the common or parabolic theory of Gunnery, Mr. 
Simpfon gave a very neat and concife treatife in his 
Kcleft Exercifcs. And other authors on this part, are 
Sferrat, Gray, Williams, Glenie, See. 

GUNPOWDER, a compofition of nitre, fulphur, 
and charcoal, mixed together, and ufually granulated. 
This eaiily takes Are; and when fired, it rarefies or ex¬ 
pands with great vehemence, by means of its elaftic 
force..—It is to this powder that we owe all the effeft 
and aftion of guns, and ordnance of all forts. So that 
fortification, with the modern military art, &c, in a 
great megfure depends upon it. The above definition 
however is not general, for inftcad of the nitre, it has 
lately been diu-overed that the marine add anfwers 
much better. 

The .invention of Gunpowder is aferibed, by Poly- 
dore Virgil, to a chemift; who having accidentally put 


fome of this compofition in a mortar, and' covered Hr 
with a ftone, it happened tp take fire, and blew up the 
ftone. Thevet fays that the perfon here fpoken of 
was a monk of Fribourg, named Conftantine Anclzen ; 
but Beheforet and other authors, with more probabi¬ 
lity, hold it to be Bartholdu* Schwartz, or 1 the black, 
who difcovered it, as fqmc fey, about die year 1320 j 
and the firft ufe of it is aferibed to the Venetians, in 
the year 1380, during the war with the Genoefe. But' 
there are earlier accounts of its ufe, after the accident 
of Schwartz, as well as before it. For Peter Mexia,, 
in his Various Readings, mentions that the Moors 
being befieged in 1343, by Alphonfus the 11th, king 
of Caftile, ddchaed a kind of iron mortars upon them,, 
which made a none like thunder; and this is feconded*' 
by what is related by Don Pedro, biihop of Leon, in 
his chronicle of king Alphonfus, who reduced Toledo, 
viz, that in a fea-combat between the king of Tunis 
and the Mooriih king of Seville, about that time, thofe 
of Tunis had certain iron tubs or barrels, with which- 
they threw thunderbolts of fire. 

Du-Cange adds, that there is mention made of gun¬ 
powder in the regifters of the chambers of accounts in 
France as early as the year 1338. 

But it appears that Roger Bacon knew of Gun¬ 
powder near iooycsrs before Schwartz was bom. He 
tells us, in his Treatife De Secretis Operibus Artis 
& Natures, & de Nullitate Magix, cap. 6, (which is 
fuppofed by fome to have been publifhed at Oxford in 
1216, and which was undoubtedly written before his 
Opus Majus, in 1267), “ that from faltpetre, and 
other ingredients, we are able to make a fire that (hall ’ 
bum at what diftance we pleafe.” And Dr. Plott, in 
his Hiftory of Oxfordfhire, pa. 236, allures us that- 
thefe “ other ingredients were explained in a MS. copy 
of the feme treatife, in the hands of Dr. G. Langbam, 
and feen by Dr. Wallis, to be fulphur and wood coal.” 
Farther, in the life of Friar Bacon in Biographia Bri- 
tannica, vol. 1, we are told that Bacon himfelf has di¬ 
vulged the fecret of this compofition in a cypher, by - 
tranfpofing the letters of the two words in chap. xi. 
of the faid treatife; where it is thus exprefled: fed 
tauten falis petra Linet mope can ubkk (i. e. carbonum 
fodwre) et fvipbuns ; et ftc facies toniirum & corrufca- 
tionem, Ji feiat artificium t and from hence the bio¬ 
grapher apprehends the words carbonum fntlvere were' 
transferred to the 6th chapter of Langbain’s MS. In 
this feme chapter Bacon exprefely fays that founds like 
thunder, and corrufcations, may be formed in the air, 
much more horrible than thofe that happen naturally. 
And fidther adds, that there are many ways of doing 
this, by which a city or an army might be deftroyed: 
and he fuppofes that by an artifice of this kind Gideon 
defeated the Midianites with only 300 men: Judges, 
chap. 7. There is alfo another paffkge to the fame 
purpofe, in the treatife De Scientia Experimental?. 
See Dr. Jebb’s edition of the Opus Majus, p. 474. 

Mr. Robins, in the preface to his Gunnery, appre¬ 
hends that Bacon deferibes Gunpowder not as a new 
compofition firft propofed by himfelf, but as the appli¬ 
cation of an old one to military purpofe*, and that it - 
was known long before his time. 

But Mr. Dutens carries the antiquity of Gunpow¬ 
der . 
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« 3 «r ftifl, much higher, and refers to the writings of the 
ancient* themfelveS for the 'proof of it. '** Virgil, fays 
he* and his Commentator Serviua (JEnsid, lib. 6, 
v * 585)» Hyginus (Fabul. 61 and 650),, Euftathius 
(ad Uayff, * 234, .pa. 1682, lib. t), La Cerda (!n 
VirgiL foe. cit.), Valerius Flaccus (Kb. L66z), and 
many other authors (as Raphael Volatarran. in Com- 
mentar. Cornelius Agrijjjsa porter. Open de Vctbo Dei, 
c. 100, p. 237.—-Gruteri Fax Artium Libert.tom. a, p. 
1236), fpeak in fuch a manner of Salmoneus's attempts 
to imitate thunder, as fuggeft to us that this prince 
ufed for that purpofe a compofition of the nature of 
gunpowder. Euftathius in particular fpeaks of him on 
this occarton, as being fo very expert in mechanics, 
that he formed machines, which imitated the noife of 
thunder; and the writers of fable, whofe fuiprife in 
this refpeft may be compared to that of the Mexicans 
when they iirft beheld the fire-arms of the Spaniards, 
give out that Jupiter, incenfed at the audacity of this 
prince, flew him with lightning, as he was Employing 
himfelf in launching his thunder. .But it is much more 
natural to fuppofe that this unfortunate prince, the 
inventor of Gunpowder, gave rife to thefe Abies, by 
having accidentally fallen a vidfcim to his own experi¬ 
ments. Dion (Hill. Rom. in Caligula, p. 662) and 
Joannes Antiochenus (in Chronico, &c. a Valefio edits, 
Paris 1634, p. 804), report the very fame thing of Ca¬ 
ligula, amiring us that this emperor imitated thunder 
and lightning by means of certain machines, which at 
the fame time emitted Hones. Thcmiftius informs us 
that the. Brachmans encountered om; another with 
thunder and lightning, which they had the art of 
launching from on high at a considerable diftaricc; 
(Themift. Oratio 27, p. 337). And in another place 
he relates, that Hercules and Bacchus, attempting to 
affail them in a fort where they were entrenched, were 
fo roughly received by reiterated ftrokes of thunder 
and lightning, launched upon them from on high by 
the beueged, that they were obliged to retire, leaving 
behind them an everlalling monument of tKe raflincis 
of their cnterpvifc. Agathias the hiftorian reports of 
Anthemius TtaKenfis, that having fallen out with his 
neighbour Zeno the rhetorician, he fet fire to his 
houfe with thunder and lightning. It appears from 
all thefe pafiages, that the effefts aferibed to thefe en¬ 
gines of war, efpccially thofe of Caligula, Anthemius, 
and the Indians, could be only brought about by Gun¬ 
powder. And what is dill more, we find in Julius 
Africanua a receipt for an ingenious compofition to be 
thrown upon an enemy, which very nearly rcfcmbles 
fl'ai- powder. But wlmt places this beyond all doubt, 
is a clear and pofitive paflage of an author called Mar¬ 
cus Greens, whofe work in manufeript is in the royal 
library at Paris, intitlcd Liber Iguium. Dr. Mead 
bad the fame alio ia manufeript, and a copy of that is 
now in my hands. (See above). The author de¬ 
scribes fevcral ways of encountering an enemy, by 
launching fire upon him ; and among others gives the 
following. Mix together one pound of live fulphur, 
two of charcoal of willow, and 6 of faltpctrej reducing 
them to a very fine powder in a marble mortar. He 
adds, that a certain quantity of this is to be put into 
a long, narrow, and well compacted cover, and fo dif- 
•charged into the air. Here wc have the description 


of a rocket. • The cover with which thunder if fcbi* 
tated, he repfefents as-fhort, thick, but half-fiKd, and 
itrongly pound with packthread; which is exa&ly the 
form tof a cracker. He then treats of different method* 
°f preparing the match, and how one fquib may fet' 
fire to another in the dir, by having it inaofed within 
it. In fhort, he fpeaks as clearly of the compofition 
and effe&s of Gunpowder, as any perfon in our times 
could do. I own I have not yet been able precifcly to 
determine when this author lived, but probably it was 
before the time of the Arabian phyfician Mefue, who 
fpeaks of him, and who rtourirtied in the beginning 
of the 9th century. Nay, there is rcafon to believe 
that he is the fame of whom Galen fpeakf; in which 
cafe he will be of antiquity fufficient to fupport what 
I advance.” It appears too, from many authors, and 
many circumftances, that this compofition lias been 
known to the Chinefe and Indians forthoufands of years. 
See what is faid on this head under the article Gun. 

To this hiftory of Gunpowder it may be added,'that 
it has lately been difeovered that faltpctre or nitre is 
noteflential to this compofition, but that its place may be 
fupplied by other fubftances; for new Gunpowder, of 
double the ftrenglh of the old, has lately been made 
in France, by thechemifts in that country, without any 
nitre at all; and in the year 1790 I tried fome of this 
new powder, that was made at Woolwich, with roy 
cprouvette, when I found it about double the ftrenglh 
of the ordinary fort. This is eflfeCled by fubftituting, 
inllead of the nitre, the like quantity of the marine acid. 

But peihaps this new compofition may not come 
into common and general ufc; both bccaufe of the 
great expence in procuring or making the acid, 
and of the trouble and danger of preventing it from 
taking fire by the heat of making it; for it is found to 
catch fire and explode from a very fmali degree of heat, 
and without the aid of a fpark. 

As to the Preparation of Gun powder ; there are di¬ 
vers compofitions of it, with rcfpe& to the proportions 
of the three ingredients, to be met with in pyrotechni- 
cal writings ; but the procefs of making it lip is much 
the fame in all. 

For fome time after the invention of artillery. Gun¬ 
powder was of a much weaker compofition than that 
now in ufe, or that defcribed by Marcus Greens;* 
which was chiefly owing to the wcaknefs of their firft 
pieces. See Gun and Cannon. Of 23 different com¬ 
pofitions, ufed at different times, and mentioned by 
Xartaglia in his Quef. and Inv. lib. 3, qnef. 5, the firft, 
which was the oldeft, Contained equal parts of the three 
ingredients. But when guns of modern ftmfture were 
introduced, Gunpowder of the fame compofition as the 
prefent came alfo into ufe. In the time ofTartaglia 
the cannon powder was made of 4 parts of nitre, one 
of fulphur, and one of charcoal; aiid the mufleet pow ■ 
der of 48 parts of nitre v 7 parts of fulphur, and 8 parts 
of charcoal; or of 18 parts of nitre, 2 parts of fulphur, 
and 3 parts of charcoal. But the modern compofition 
is 6 parts of nitre, to one of each of the other two in- 

f redieuts. Though Mr. Napier fays, he finds the 
rength commonly to be greateft when the proportions 
are, nitre 31b,’charcoal about 90-/, and fulphur about 
302. See his paper on Gunpowder in the Tranfae- 
tions of the Royal Irifh Academy, voL 2,' The cat*- 
4 D 2 non 
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tfe jtawdex «u In meal, aad the muflsal powder grain¬ 
ed. And it it certain that the graining of powder* 
which is a wry confidertble advantage, is a modern im¬ 
provement. See the preface to Robins's Math. Trad* 
pa. 3a. v 

To make Gunpowder duly, regard is to be had to the 
purity or goodneis of the ingredient* as well aB the 
proportions of them ; for the firength of the powder 
depends much on that circumftancc, and alfo on the due 
working or mixing of them together. 

To purify the nitre, by taking away the fixt or com¬ 
mon fait, and earthy part. Diflblve it in a quantity 
of hot water over the fire; then filtrate it through a 
flannel bag, into an open veffel, and fet it a fide to cool, 
and to cryftallize. Thcfe cry ibis may in like manner 
be dlflolved and cryilallized again ; and fo on, till they 
become quite pure and white. Then put the cryftals 
into a dry kettle over a moderate lire, which gradually 
increafe till it begins to fmoke, evaporate, lofe its hu¬ 
midity, and grow very white : it mutt be kept con¬ 
tinually ftirring with a ladle, led it Ihould return to its 
former figure, by which its greafinefs would be taken 
away: after that, fo much water is to be poured into 
the kettle as will cover the nitre ; and when, it is dif- 
folved, and reduced to the confiftency of a thick liquor, 
it muft be continually ftirred with a ladle till all the 
moifture is again evaporated, and it be reduced to a dry 
and white tneal. 

The like regard is to be had to the fulphur 5 choofing 
that which is in large lumps, clear and perfectly yellowy 
not Very bard, nor compact, but porous; nor yet too 
much mining; and if, when fet on fire, it freely burns 
all away, it is a fign of its goodnefs : fo likewife, if it 
be prefled between two iron plates Jliat are hot enough 
to make it run, and in the running appear yellow, and 
that which remains of a reddifh colour, it is then fit 
for the purpofe. But in cafe it be foul, it may be pu¬ 
rified in this manner: melt the fulphur in a large iron 
ladle, or pot, over a very gentle coal fire, well kindled, 
but not flaming; then feum off all that rifes on the top, 
and fwims upon the fulphur; take it prefently after from 
the fire, and flrain it through a double linen doth, let¬ 
ting it pafs leifurcly ; fo will it be pure, the grofs matter 
remaining behind m the cloth. 

For the charcoal, the third ingredient, fuch fhould 
be chofen as is large, dear, and free from knots, well 
burnt, and cleaving. The charcoal of light woods is 
moftly preferred, as of willow, and that of the brandies 
or twigs of a moderate thickncfs, as of an inch or two 
iq diameter. Dogwood is now much eficemed for 
this purpofe. Ana a method of charring the wood in 
a large iron cylinder has lately been recommended, and 
indeed proved, as yielding better charcoal than for- 
aierly. 

The charcoal not only concurs with the fulphur in 
fupplying the inflammable matter, which caufes the de¬ 
tonation of the nitre, but alfo greatly adds to the ex* 
plofive power of it by the quantity of elaftic vapour ex¬ 
pelled during its combuftion. 

Theft three ingredients, in their pureft ftate, being 
procured, long experience has (hewn that they are then 
to be mixed together in the proportion before men¬ 
tioned, to have the beft effeft, viz, three-quarters of the 
compofition to be nitre, and the other quarter made up 
'4 


of equal parts of the ether two ingredients 1 or, which 
is,'the fame thing, 6 part mitre, 1 part fulphur, and * 
part charcoal. 

But it-is not the due proportion of the material* 
only* which is neceflary to the making of good powder; 
another circumftancc, not left eflential, is the mixing 
them 'well together: if this be not efie&oaily done, 
fome parts of the compofition will have too much nitre 
in them, and others too little j and in either cafe there 
will be a defeat of ftrength in the powder. Robins, pa, 
119. 

After the materials have been reduced to fine duft* 
they are mixed together, and moiftened with water, oar 
vinegar, or mine, or fpirit of wine, Itc, and then beaten 
together with wooden pefilet for 24 hours, either by 
hand, or by mills, and afterwards prefled into a hard, 
firm, and fulid cake. When dry, it is grained or 
corned ; which is done by breaking the cake of powder 
into ftnall pieces, and fo running it through a fieve; by 
which means the grains may have any fizc given them, 
according to the nature of the fieve employed, either 
finer or coarfer; and thus alfo the duft is feparated from 
the grains, and again mixed with other manufacturing 
powder, or w.irked up into cakes again. 

Powder is fmoothed, or glazed, as it is called, for 
finall arms, by the following operation ; a hollow cylin¬ 
der or calk is mounted on an axis, turned by a wheel} 
this cafk is half filled with powder, and turned for 6 
hours; and thus by the mutual friction of the grains 
of powder it is fmoothed, or glazed. The fine mealy 
part, thus feparated or worn off from the reft, is again 
granulated. ' 

Tie Nature , EffcRt , £i tc, of Powder. —When the 
powder is prepared as above, if the leaft fpark be ftruck 
upon it from a iteel and flint, the whole will immediately 
inflame, and burft out with extreme violence.'—The ef¬ 
fect is not hard to account for: the charcoal part of the 
rain upon which the fpark falls, catching fire like tin- 
er, the fulphur and nitre are readily melted, and the 
former alfa breaks into flame ; the contiguous grains at 
the fame time undergoing the fame fate. 

Sir Ifaac Newton reafons thus upon the point: The 
charcoal and fulphnr in Gunpowder eafily take fire, and 
kindle the nitre; and the fpint of the nitTe, being there¬ 
by rarefied into vapour, nifties out with an explofion 
much after the manner that the vapour of water cutties 
out of an eolipile; the fulphur alio, being volatile, is 
converted into vapour, and augments the explofion: 
add, that the acid vapour of the fulphur, namely that 
which diftils under a bell into oil of fulphur, entering 
violently into the fixt body of the nitre, lets loofe the 
fpirit of the nitre, and excites a greater fermentation, 
by which the heat is farther augmented, and the fixt 
body of the nitre is alfo rarefied into fume; and the 
explofion is thereby made more vehement and quick. 

For if fait of tartar be mixed with Gunpowder, and 
that mixture be warmed till it takes fire, tne explofion 
will be far more violent and quick than that of Gun¬ 
powder done 1 which cannot proceed from any other 
caufe, than the sftion of the vapour of the Gunpow¬ 
der upon the fait of tartar, by which that fait is rare¬ 
fied. 

The explofion of Gunpowder therefore arifes from 
the violent a&ion, by which all the mixture tcing quickly 

and * 



e U H i $73 1 GUN 


wid vehemently heated, i» rarefied-and converted into 
fume and vapour ; which vapour, by the violence of 
that aft ion becoming fo hot as to fhinc, appears in the 
form of a flame. 

M. De la Hire, in the Hiftory of the French Aca- 
demy for 1702, afcribes all the force and effeft of 
Gunpowder to the fpring or elasticity of the air in- 
clofed in the feveral grains of it, and. in the intervals 
or fpacesbetween the grains: the powder being kindled, 
lets the fpringa of fo many little parcels of air a-play- 
ing, and dilates them all at once, whence the cffeft 1 
the powder itfelf only ferving to light a Are which 
may put the air in a&ioa | after which the whole is 
done by the air alone. 

£nt it appears from the experiments and obfervations 
of Mr. Robins, that if this air be in its natural date 
at the time when the powder is Bred, the greateft ad¬ 
dition its elailicity could acquire from the flame of the 
cxplofion, would not amount to five times its ufual 
quantity, and therefore could not -fuffice for the 200th 
part of the effort which is exerted by fired powder. 

To underftand the force of Gunpowder, it mull be 
confidcrcd that, whether it be fireu in a vacuum or in 
air, it produces by its cxplofion a permanent elaftic 
fluid. Sec Philof. Tranf. number 295 } alfo Haukf- 
bee's Pliyf. Meehan. Exp. p. bt. It alfa appears 
fiom experiment, that the elailicity or preffure of the 
fluid produced by the firing of Gunpowder, is, caterig 
paribus, dire&ly as its denfity. 

To determine the elailicity and quantity of this elaf¬ 
tic fluid, produced from the cxplofion of a given quan¬ 
tity of Gunpowder, Mr. Robins premifes, that the 
elailicity of this fluid increafts by heat, and diminifhes 
by cold, in the fame manner as that of the air ; and 
that the denfity of this fluid, and consequently its 
weight, is the fame with the weight of atv-equal bulk 
of air, having the fame elailicity and the fame tempera¬ 
ture. From thefe principles, and from' the experiments 
by which they are dtabhihed (for a detail of which we 
rauil refer to the book itfelf, fo often cited in thefe ar¬ 
ticles), he concludes that the fluid produced by the fir¬ 
ing of Gunpowder is nearly of the weight of the 
generating powder itfelf; and that the volume or bulk 
of this air or fluid, when expanded to the rarity of 
common atmofphcric air, is about 244 times the bulk 
of the faid generating powder.—-Count Saluce, in his 
MifceL Phil. Mathem. Soc. Priv. Taurin. p. 125, 
makes the proportion as aaa to 1 ; which he fays 
agrees with the computation of Meff. Haukfbee, Amon- 
tons, and Belidor. 

Hence it appears, that any quantity of powder fired 
in any confined fpace, which it adequately fills, exerts 
at the inftant of its cxplofion againft the fides of the 
veffel containing it, and die bodies it impels before it, a 
force at lead 244 times greater than the elailicity of 
common air, or, which is the feme thing, than the 
preffure of the atmofphere; and this without confider- 
fng the great addition arifing from the violent degree 
of heat with which it is endued at that time; the 

Q uantity of which augmentation is the next head of 
1 r . Robins’s enquiry. He determines that the elafti- 
city of the air is augmented in a proportion fomewhat 
greater than that of 4 to l, when heated to the ex- 

tremeft heat of red hot iron; and fuppofiog that the 
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flame of fired Gunpowder it not of • left degree 
heat, increafiug the former number a little more than 
4 times, makes nearly 1000 j which fiiews that the 
elailicity of the flame, at the moment of esplofion, is 
about xooo times ilronger than the elailicity of com¬ 
mon air, or than the preffure of the atmofphere. But, 
from the height of the barometer, it is known that the 
preffure of the atmofphete upon every fquare inch, is 
on a medium 14! lb ; and therefore 1000 times this, or 
147501b, is the force or preffure-of the flame of Gun- 
powder, at the moment of explofion, upon a fquare 
inch, which is very nearly equivalent to 6 tons and » 
half. 

This great force however diminifhes as the fluid di¬ 
lates itfelf, and in that proportion, viz, in proportion* 
to the fpace it occupies, it being only half the (frength. 
when it occupies a double fpace, one third the urength 
when triple the fpace, and fb on. 

Mr. Robins farther fuppofes the degree of heat above- 
mentioned to be a kind of medium heat; but that itv 
the cafe of large quantities of powder the heat will be 
higher, and in very fmall quantities lower; and that 
therefore in the former cafe the force will he fomewhat 
more, aud in the latter fomewhat lefs, than 1000 times 
the force of the atmofphere. 

He farther found that the flrength of powder is 
the fame in all variations in the denfity of the' atmo¬ 
fphere, But that the moifture of the air has a great 
effect upon it; for the fame quantity which in a dry 
fcafoii would difeharge a bullet with a velocity of 1700 
feet in one fecond, will not in damp weather give it 
a velocity of more than 12 or 1300 feet in a fecond, or 
even lefs, if the powder be bad, and negligently kept*. 
Robins’s Trails, voL >, p. 101, &c. Farther, as there 
is a certain quantity of water which, when- mixed with, 
owder, will prevent its firing at all, it cannot be doubted 
ut every degree of moiilure mull abate the violence 
of the explofion ; and hence the eifc&s of damp pow¬ 
der are not difficult to account for. 

It is to be obferved,. that the moiilure imbibed by 
powder does not render it lefs a&ive when dried again. 
Indeed, if powder be expofed to vciy great damps with¬ 
out any caution, or when common fait abounds in it, as 
often happens through negligence in refining the nitre, 
in fuch cafes the moiilure it imbibes may perhaps be ’ 
fufficient to diffolve fume part of the nitre : which is a 
permanent damage that no drying can retrieve. But 
when tolerable care-is taken in prefeTving powder, and 
the nitre it is compofed of lias been well purged from 
common fait, it will retain its force for a long time ; 
and it is fat’d that powder has been known to have been 
preferved for 50 years without any apparent damage 
from its age. 

The velocity of expanfion of the flame of Gunpow¬ 
der, when fired in a piece of artillery, without either 
bullet or other body before it, is prodigioufly great, 
viz, 7000 feet per fecond. or upwards, as appears from, 
the experiments of Mr. Robins. But Mr. Bernoulli 
and Mr. Euler fufpeft it is iliil much greater. And 
I fufpeft it may not be lefs, at the moment of explofion, 
than 4 times as much. 

'It is this prodigious celerity of expanfion of the 
flame of fired Guupowdcr, which is its peculiar excel¬ 
lence, and the eircumftance in which it fo eminently 

{urpaffes- 
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furpafles all other inventions, eitherancient or modern : 
for as to the momentum of thefe projectiles only, many 
of the warlike machines of the ancients produced this in 
a degree far furpafling that of our hcavieft cannon (hot 
or (hells; but the great celerity given to thefe bodies 
cannot be in the leaf! approached by any other means 
but the flame ef powder. 

To prove Gunpowder. There are feveral ways of 
ddfog this. ( I, By light; thus, if it be too black, ft 
is a fign that it is moift, or elfe’ that it has too mitelt 
charcoal in it; fo alfo, if rubbed upon white paper, it 
blackens it more than good powder does : but if it be 
of a kind of azure colour, fomewhat inclining to red, it 
-is a fign of good powder. 2, By touching : for if in 
cru flung it with the fingers ends, the grains break eafilv, 
and turn into duft, without feeling hard, it has too 
much coal in it; or if, in preffing it under the fingers 
upon a fmooth hard board, tome grains feel harder than 
the reft, it is a fign the fnljphur is not well mixed with 
.the nitre. Alfo ov thrufting thfc hand into the par¬ 
cel of powder, and grafping it, as if to take out a 
handful, you will feci if it is dry and equal grained, by 
its evading the grafp, and running moflly out of the 
Jiand. 3, By burning; and here the method mod 
commonly followed for this purpofe with us, fays Mr. 
Robins, is to fire a fmall heap Of it on a clean board, 
and to attend nicely to the flame and fmoke it produces, 
and to the marks it leaves behind on the board : hut 
befldes this uncertain method, there arc other contriv¬ 
ances made ufe of, fuch as powder-triers acting by a 
faring, commonly fold at the (bops, and others again 
<1131 move a great weight, throwing it upwards, which 
is a very bad fort of cprouvette. But thefe machines, 
fays Mr. Robins, though more perfeft than the 
common powder-triers, are yet liable to great irre¬ 
gularities ; for as they are all moved by the inftanta- 
ncous ftroke of the flame, and not by its continued 
prefiure, they do not determine the force of the fired 
powder with fufficicnt certainty and uniformity. Ano¬ 
ther method is to judge from the range given to a 
large folid ball, tin own from a very fhort mortar, charg¬ 
ed with a fmall quantity of powder; which is alfo an 
uncertain way, both on account of the great difpropor- 
tion between tbe weight of the ball and powder, and 
the unequal rcfiftance of the air; not to mention that 
it is too tedious to prove large quantities of powder 
ip this way; for, “ if each barrel of powder was to 
be proved in this manner, the trouble of charging the 
mortar, and bringing back the ball each time, would be 
intolerable, and the delay fo great, that no bulncfs of 
this kind could ever be finHhed; and if a number of 
bairels are received on the merit of a few, it is great 
odds, but fomc bad ones would be amongil them, which 
may prove a great difappointment in time of fervice.” 
Thefe exceptions do “ noways hold, continues Mt. 
Robins, againft the method by which 1 have tried'the 
comparative ftrength of different kinds of powder, which 
has been by the aftual velocity given, to a bullet, 
by fuch a .quantity of powder an is ufually efteemed 
a proper charge for the piece: and as this velocity, 
howevergreat, is eafily difeovered by the motion which 
tbe pendulum acquires from the ftroke of the bullet, it 
might feem a good amendment to the method ufed 
by tUc French (viz, that «f the fmall mortar above 


mentioned),to introduce this trial bf the pendulum in* 
Read of it. But though I atn fatisfied, that this would 
be much more accurate, lefs laborious, and readier than 
the other, yet, as there is fome little attention and cap* 
tion required in this prafticc, which might render it 
of lefs difpatcb than might be convenient, when a great 
number of barrels were to be Separately tried, 1 ftrould 
mvfelf choofe to pra&ife another method not lefs cer¬ 
tain, but prodtgioufly more expeditious; fo that I 
could engage, that the weighing out of a fmall parcel 
of powder from each barrel ihould be the greateft part 
of the labour; and, doubtiefs, threcor four hands could, 
by this means, examine coo barrels in a morning: be* 
lldcs, the machines for this purpofe, as they might be 
made of call iron, would be, fo very cheap, that they 
might be multiplied at pleafure.” Robins, page 123. 
It is not certainly known what might be the particular 
confti uftion of the cprouvette here hinted at, but it 
was probably a piece of ordnance fufpended like a pen¬ 
dulum, as he had made feveral experiments with a bar¬ 
rel in that manner. Be this however as it may, feve¬ 
ral perfons, from thofe ideas and experiments of Mr. 
Robins, have made eprouvettes on this principle, which 
feema to be the belt of any; and on this idea alfo ( 
have lately made a machine for this purpofe, which has 
feveral peculiar contrivances, and advantages over all 
others, both in the nature of its motion, and the divi¬ 
sions on its arc, &c. It is a fmall cannon, the bore 
of which is about one inch in diameter, and is ufually 
charged with 2 ounces of powder, and with powder 
only, aB a ball is not neceflary, and tiie fticngth of the 
powder is accurately fhewn by the arc of the gun's re¬ 
coil. The whole machine is fo Ample, eafy, and expe¬ 
ditious, that, as Mr. Robins obferved above, the weigh¬ 
ing of the powder is the chief part of the trouble; 
and fo acciantc and uniform, that the fucctfiive repe¬ 
titions or firings with the fame quantity of the lame fort 
of powder, hardly ever yield a difference in the recoil 
' of the tooth part of itfelf. 

To recover damaged Powder. The method of the 
powder merchants is this; they put part of the powder 
on a fail-cloth, to which they add an equal weight of 
what is really good; then with a (hovel they mingle it 
well together, dry it in the fun, and barrel it up, keep¬ 
ing it in a dry and proper place. 

Others again, if it be very had, reftore it by moiflen- 
ing it with vinegar, water, urine, or brandy ; then they 
beat it fine, fift it, and to every pound of powder add 
an ounce, or an ounce ando lialf, or two ounces (ac¬ 
cording as it is decayed), of melted nitre; and after¬ 
wards thefe ingredients ate to be moiftened and well 
mixed, fo that nothing may be difeerned in the compo- 
fition ; which may be known by cutting the mafs, and 
then they granulate it as ufcful. 

In cafe the powder be quite fpoiled, the only way is 
to extra ft thefaltpetre with water, in the ufualway, by 
boiling, filtrating, evaporating, and cryftaliizing; and 
then, with frelh fulphur and charcoal, to make it up 
afi-eih. 

On the fubjeft of Gunpowder, fee alfo Euler on Ro¬ 
bins’s Gunnery, Antoni Ex amen de la Poudrc, Baume’s 
Chemiftry, and Thompfon’s Experiments in the Philof. 
Tranf. for 1781. 

GUNTER (Edmund), an excellent Engliflt ma- 

lliematician/ 
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tftematician, was bom in Hertfordfhire in t$St. He 
was educated at Weftminfter fcbool under Dv. Buiby, 
and from thence wa* elcfted to Chrift-church College, 
©xford, in 1599, where he took the degree of inaftcr 
of arts in 1696, and afterwards entered into holy or¬ 
ders; and in 1615 he took the degree of bachelor of 
divinity. . But being particularly diftinguifhed for his- 
niathemattcal talents, when Mr. William* refigned the 
profeflbrfhip of aftronomy in Orefltam College, Lon¬ 
don, Mr. Gunterwa* chofen to fncceed him, the 6th 
of March, 1619; where he greatly diftinguifhed htm- 
fclf by'hi* lectures and writings, and where he died in 
16*6, at only 45 years of age, to the great lofe of the 
mathematical world. 

Mr. Gunter was the author of many ufeful inventions 
and works. About the year 1606, he merited the ti¬ 
tle of an inventor, by the new projection of his Sec¬ 
tor, which he then deferibed in a Latin treatife, not 
rinted however till fome time afterwards.—In 1618 he 
ad invented a (mall portable quadrant, for the mere eafy 
finding the hour andasimuth, and other ufeful purpofes 
ito aftronomy.—And in *6 <0 or 1623, he poblifhed his 
6 anon Triangular urn, or Table of Artificial Sines and 
Tangents, to the radius, io,coo,ooo parts, to every 
minute of the quadrant, being the firft tables of this 
kind publifhed; together with the firft 1000 of Briggs’s 
logarithm* of common numbers, which were in later 
editions extended to 10,000 numbers.—In 1622, he dif- 
covcred, by experiment made at Deptford, the variation 
or changeable declination of the magnetic needle; hiai 
experiment (hewing that the declination had changed 
by 5 degrees in the (pace of 42 years ; and the fame- 
was confirmed and eftablifhed by his fucceffor Mr. Gel- 
librand.—He applied the logarithms of numbers, and of 
fines and tangents, to ftraignt lines drawn on a (calc or 
rale; with which proportions in common numbers and" 
trigonometry were refolvcd by the mere application of a. 
pair of compaffes ; a method founded on this property, 
that the logarithms of the terms of equal, ratios are 
equidifferent. This was called Gunters Proportion, and. 
Gunter’s Line ; and the inftrument, in the-form of a. 
two-foot fcale, is nmv in common ufc for navigation and 
other purpofes, and is commonly called the Gunter. 
He alfo greatly improved'the Seaor and other iiiitru- 
nients for the fame ufes ; the defeription of all which he 

J iublifhcd in 1624.—He introdueed the common mea- 
iiring chain, now conftantly ufed in land-fumying, 
which is thence called Gunter’s Chain.—Mr. Gunter 
drew the lines on the dials in Whitchnll-garden, and 
wrote.thedelcriptiou and ufe of them, by the direction 
of prince Charles, in a fmall traft ; which he afterwards 
printed at the defire of king James, in 1624—He was 
the firft who ufed the word eofme, for the fine of the 
complement of an arc. He alfo introduced the ufe 
of Arithmetical Complements into the logarithmical 
arithmetic, as is witnefled by Briggs, cap. 15, Arith. 
Log. And it has been faid that he firft ftarted the idea 
of the Logarithmic Curve, which was fo called, becaufe 
the fegments of its axis are the logarithms of the cor- 
refponding ordinates. 

Hi* works have been colle&ed, aad various editions of 
them have been publifhed; the 5th is by Mr. William 
Leybonrn, in 1673, containing the Defeription and 
life pf the. Seaor, Crofo-ftaff, Bow, Quadrant, and 


other inftrument*; with feveral pieces added by Samuel 
Fofter, Henry Bond, and WilliamLey bourn. 

Gunter's Chain, the chain in pommon ufe for 
meafuring land, according to true or ftatute meafure; fo 
called from Mr. Gunter its reputed inventor. 

The length of the chain is 66 feet, qr 22 yards, or 
4 poles or 54 yards each ; and if is divided into tow 
links, of 7*92 inches each. . 

This Chain is the moil convenient of any thing for 
meafuring land, becaufe the contents thence computed 
are fo eahly turned into acres. The reafbn of which is, 
that an acre of land is juft equal to 10 fquare chains, or 
10 chains in length abd 1 in breadth, or equal to 
100000 fquare links. Hence, the dhnenfiont being taken 
in chains, and multiplied together, it gives the content in 
fquare chains ; which therefore being divided by 10, or 
a figure cut off for decimals^ brings the content to 
acres; after which thedecimaU are reduced to roods 
and perches, by multiplying by 4and 40. But the bet¬ 
ter way is to fet the. dimcnuoas down in links as integers, 
confidering each chain as xoo links; then,> having 
multiplied the dimenfiohs together, producing fquare 
links, divide thefe by 100000, that is, cut off five places 
for decimals, the reft are acres, and the decimals are re¬ 
duced to roods and perches, as before. 

Ex. Suppofe in meafuring a rectangular piece of 
ground, its length be 79$ links, 
and its breadth 480 links. 

63600 

3 >°o 

Ac. 3*8i6<20 
4 . 

Ro. 3*^64 
_40 

Per. io*jbo 

So the content is 3 ac. 3 roods xo perches. 

Gunter’s Line, a Logarithmic line, ufnally gra¬ 
duated upon (calcs, fedora, 8te; and ib called from its 
inventor Mr. Gunter. 

This is otherwife called the line of liner , or line of 
numbers, and confiftsof the logarithms transferred upon' 
a ruler, &c, from the tables, by means of a fcale of 
equal parts, which therefore ferves to refolve problems 
intlrumentally, in the fame manner as logarithms do 
arithmetically. For, whereas logarithms refolve pro¬ 
portions, or perform multiplication and divifion, bv 
only addition and fubtra&ion, the feme are performed 
on this line by turning a pair of compaffes over this way 
or that, or by Hiding one flip of wood by the fide of 
ano'ther, tec. 

This line has been contrived various ways, for the ad¬ 
vantage of having it as long as poffible. As, firft, on 
the two- feet ruler or fcale, by Gunter. Then, in 162 7 
the logarithms were drawn by Wingate, on two feparatc 
rulers, Hiding againft each other, to fave the ufe of 
compaffes in refolving proportions. They were alfo in 
1627 applied to concentric circles by Onghtred. Then 
in a fpiral form by Mr. Milburne of Yorklnire, about the 
year 1650. Alfo, in 1657, on the prefcnt common 
Hiding role, by Seth Partridge. 

Laitlv, Mr. William Nicholfon has propofed another 
difpofitton of them, on concentric circles, in the Fhilof. 
Tranf.an.1787, pa. 251, His inftrument is equivalent. 

to 
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'to a Anight rule of a8£ inches Ipng. It eon lifts of 
three concentric circles, engraved and graduated on a 
•plate of about t £ inch, in diameter. From the centre 
proceed two legs, having right-lined edges in the direc¬ 
tion of radii; which arc moveable, either fingly, or toge¬ 
ther. To ufe this inftmment t place the edge of one 
leg at the antecedent of any proportion and the other 
at the confequent. and fix them to that angle : the two 
legs being then moved together, and the antecedent leg 
placed at any other number, the other leg gives its con¬ 
sequent In the like pofition or fituation on tpe lines. 

The whole length of the* line is divided into two 
•equal intervals, or radii, of a. larger divisions iu each 
radius, wbich.are numbered from i to io, the i Hand¬ 
ing at the beginning of the line, becaufe the logarithm 
of t is o, aim the 10 at the end of each radius | alio 
each of thefe 9 fpaces is. Subdivided into 10 other parts, 
unequal according to the logarithms of numbers j the 
fmaller divifions being always lothe of the larger j thus, 
if the large divifions be units or ones, the rnwller are 
tenth-parts ; if the larger be tens, the ftaaDer are opes; 
«nd if the larger be ioo’s, the fmaller are 10’s ; flee. 

Ufe of Gunter's Line. 1. To find the prrduS of two 
number v. Extend the compafles from 1 to either of the 
numbers, and that extent will reach the fame way from 
the other number to the produft. Thus, to multiply 7 
and 5 together ; extend thecompaflea from 1 to $, and. 
that fcxtent will reach from 7 to 3$, which is the pro- 
dud. 

3. To divide one number by /mother . Extend the 
comrades from the divifor to 1, and that extent will 
reach the fame way from she dividend to the quotient. 
Thus, to divide 35 by 5 ; extend the compares from r 
to 1, and that extent wUl reach from 35 to 7, which 
is the quotient. 

3. To find a 4th Proportional to three given Numbert / 
as fuppofc to 6, 9, and 10. Extend from 6 to 9, and 
that extent will reach from 10 to 15, which is the 
4U1 ptoportional fought. And the fame way a 3d 
proportional is found to two given terms, extend¬ 
ing from die lft to the ad, and then from the ad 
to the 3d. 

4. To find a Mean proportional between two riven 
Humbert, as fuppofc between 7 and 28. Extend from 

? ' to 28, and bile A that extent; then its half will reach 
rom 7 forward, or from 28 backward, to 14, the mean' 
proportional between them.—Alfo, to extrad the 
Square root, as of 35, which is only finding a mean 
proportional between 1 and the given fquare 25, bifc£t 
fhedt&auce between 1 and 25, and the half wiU reach 
from 1 to $, the root foughu—In like manner the cu¬ 
bic or ad root, or the 4th, 5th, or any higher root, is 
found, by taking the extent between x and the given 
poweri then take fuch part of it as is denoted by the 
index of the root, vie, the 3d part for the cube root, the 
4th part for the xth root, and ip cm, and that part will 
reach from t to the root fought. . 

If the Line on the Scale or Ruler have a Aider, this 
is to be tried inftead of the compafies, 

Ovant’i QoAnaAXT, is a quadrant made of wood, 
brafs, or fame oBicr fubftanee 4 being a kind of fierce* 
graphic prqefiioo on the plant of we equinoftud, the 
eye being fappofrd in one of the-poles t & that the tro¬ 
pic, elliptic* and horizon, form the arches.of circles, 


but the hour circles other curves, drawn by means of fe- 
veral altitudes of the fun, for. fame particular latitude 
every day in the year. 

The ufe of this inftmment, is to find the hour of the 
day, the fun’s azimuth, flee, and other common pro¬ 
blems of the fphere or globe f a alfo to take the altitude 
of an objed in degrees. See Quadxamt. 

Guntse’s Scats, ufually called by feamen the 
Gunter, is a large plain fcale, having various lines upon 
it, of great ufe jp working the cafes or queftionsin Na¬ 
vigation. 

This Scale iaufuaUy 2 feet long, and about an inch 
and a half broad, with various lines upon it, both na¬ 
tural and logarithmic, relating to trigonometry, navi¬ 
gation, flee; 

On the one fide are th<? natural lines, and on the 
other the artificial or logarithmic onea. The former fide ia 
firft divided into inches and tenths, and numbered from 
x to 24 inches, running the whole length near one edge. 
One half the length of this fide confifta of two plane dia¬ 
gonal fcale a, for taking off dimenfions to three places of 
figures. On the other half or foot of this fide, are 
contained various hues relating to trigonometry, in the 
naturaljHunbera, and marked thus, viz, 

Rdmb, die rumbs or points of the eompafs. 

Chord, tiie line of chorda. 

Sine, the line of fines, 

Tang, the tangents, 

5 . T. the fcmitaagents, 
and at the other end of this half ant 
Leog. leagues, or equal parts, 

Rumb. another line or rumbs, 

M. L. miles of longitude, 

Chor. another line of chords. 

Alfo in the middle of this foot are X. and P. two other 
lines of equal parts. And all thefe lines on this fide of 
the fcale fervelor drawing or laying down the figures to 
the cafes in trigonometry and navigation. 

_ On the other fide of the fcale air the following artifi¬ 
cial or logarithmic lines, which ferve for working or re- 
folviag tnofe cafes; via, 

S. R. the fine rumbs, 

T. R. the tangent rumbs. 

Numb, line of numbers, 

Sine, Sines, 

V. S. the verfed fines, 

Tang, the tangents. 

Meed. Meridional parte. 

E. P. Equal parts. 

The late Mr. John Robertfon, librarian to the Royal 
Society, greatly improved this fcale, Loth as to fiae and 
accuracy, for the ufe of mariners. He extended it to 
30 inches long, 2 inches broad, and half an inch thick j 
upon which the feveral lines are very accurately laid 
down by Mcfirs. Nairne and Blunt, ingenious inftru- 
ment makers. Mr. Robertfon died before bis improved - 
feales were publi/hed t but the account and defcriptioa 
of them were fup^Ued and drawn up by biafriend Mr. 
William Mountaine, and puUiftiedia 1778. 

GUTTiE, or Drops, in Architecture, are ornaments 
in form of little bells or coue*, tried in the Gone, order, 
on the architrave, below the tryglyphs. . There are 
ufni^yfixofthem. * 

. HADLRY’a 
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H ADLEY’S Quadrant, Sextant, &c, an excellent 
inllrumcut fo called from its inventor John Had¬ 
ley, Efq. Sec itsdefeription and ufc under the article 
Quadrant. 

HAIL, or Hailstones, an aqueous concretion, 
ufually in form of white or pellucid fpheruies, defeend- . 
ing out of the itmofphere. 

Hailllones affume various (hapes, being fometimes 
round, at other times pyramidal, -crenated, angular, 
thin, and flat, and fometimes llcllated, with fix radii like 
the fmall cryilals of fnow. 

It is very difficult to account for the phenomena of 
hail in a fatisfactory manner $ and there bit various 
opinions upon this head. It is ufually conceived that 
hail is formed of drops of rain, frozen in their pafTage 
through the middle region. Others, as the Carteiians, 
take it for the fragments of a frozen eloud, half melted, 
and thus precipitated and congealed again. Signior 
Seccaria fuppoles, that it is formed in the higher regions 
of the air, where the cold is intenfe, and where the 
cleftric matter is very copious. In thefe circumftances, 
a great number of particles of water are brought near 
together, where they are frozen, and in their defeent 
they colled! other particles; fo that the denfity of the 
fubftance of the Hailltone grows lefs and lefs from the 
centre 5 this being formed firfl in the higher regions, 
and the furface being collected in the lower. Accord¬ 
ingly, in mountains, Hailllones as well as drops of 
ram, are very fmall; and both agree in this circum- 
ftance, that the more intenfe is the electricity that forms 
them, the larger they are. 

It is frequently obferved that Hail attend* thunder 
and lightning} and hence Ecccaria obferves, that as 
motion promotes freezing, fo the rapid motion of the 
electrified clouds may promote that effedt in the air. 

Natural hillories fumiffi us with a great variety of 
curious initances of extraordinary iliowers of Hail* 
See the Philof. Tranf. number 203, 229; and Hid. de 
France, tom. 2, pa. 339. 

HALF-Moon, in Fortification, is an outwork hav¬ 
ing only two faceB, forming together a faliant angle, 
which is flanked by fome part ofthe place, and of the 
other baftions. See Demilune and Kavelin. 

Half-Tangents, are the tangents of the half 
arcs. Sec Scale and Semitan gkn'i s. 

HALLEY (Dr. Edmund), a molt eminent En- 
Miih mathematician, philofopher and altronomer, was 
horn in the parilh of St. Leonard, Shoreditch, near 
Vox. I. 


HAL 

London, Oct. 29, 1656. His father, a wealthy citi¬ 
zen and foap-boik-r, rcfolving to improve the promifing 
difpofition obferved in his fun, put him firfl to St. Paul's- 
fchool, where he loon excelled in all parts of claffical 
learning, and made befidcs a confiderable advance in the 
mathematics 5 fo that, as Wood obferves, he had per- 
fedtly learnt the ufe of the celeftial globe, and could 
make a complete dial; and we are informed by Halley 
himfelf, that he obferved the change of the variation of 
the magnetic needle at London in 1672, one year be¬ 
fore he left fchool. In 1673 he was fent to Oxford, 
where he chiefly applied himfelf to mathematics and 
allronomy, in which he was greatly affilled by a curious 
apparatus of inlliuments, whieh his father, willing to 
encourage his fon’s genius, had purchased for him. At 
19 years of age he began to o\>lige the world with new 
obfervations and difeoveries (which he continued ter 
do to the end of a very long life), by publilhing “ A Di¬ 
reful and Geometrical method of finding the Aphclia and 
Excentricity of the planets.” Befides various particu¬ 
lar obfervations, made from time to time upon tliece- 
leftial phenomena; he had, from his firfl;admiffion into 
college, purfued a general fcheme for afeertaining the 
true places of the fixed ftars, and fo to correct the 
errors of Tycho Brahe. His original view in this was, 
to carry on the defign of that firfl reftorer of allronomy, 
by completing the catalogue of thofe ftars froin bis own 
obfervations; but upon farther enquiry, finding this 
province taken up by Hevelius and Flamfteed, he drop¬ 
ped that purfuit, and formed another ; which was,. to 
perfect the whole fcheme of the heavens, by the addition 
of the ftars which lie fo near the fouth pole, that they 
could not be obferved by thofe allronomcrs, as never 
rifing above the horizon cither at Dantzick ot at Green, 
wich. With this view he left the Univerfity, before 
he had taken any degree, and embarked for the ifland 
of St. Helena in Nov. 1676, when he was only 20 years 
of age, and arrived there after a voyage of three 
nionuis. He immediately fet about his talk with fuch 
diligence, that he completed his catalogue, and, return¬ 
ing home, landed in England in Nov. 1678, after a« 
abfencc of two years only. The univerfity of Oxford 
immediately conferred upon him the degree of A. M. 
and the Royal Society of London cleftcd him one of 
their members. . 

In 1679 he was pitched upon by the Royal Society 
to go to Dantzick, to endeavour to adjult a difpute 
between .Hevelius and Mr. Hooke, concerning the pre- 
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Terence M to plain and glafa fights in aftrofcopical 
inftrumenls. He arrived at Dantzick the 26th of May, 
when he immediately, in conjunction with Hevelius, fet 
about their aftronomical obfervations, which they clofely 
continued till the 18th of July, when Halley left Dant- 
ziek, and returned to England. 

In the year 1680 he undertook what is called the 

f rand tour, accompanied by his friend the celebrated 
Ir. Nelfon. In the way from Calais to Paris, Mr. 
Halley had a fight of a remarkable comet, as it then ap¬ 
peared a fecond time that year, in its return from the 
fun. He had the November before feen it in its defeent; 
and he now haftened to complete his obfervations upon 
it, by viewing it from the royal obfervatory of France. 
His defign in this part of his tour was, to fettle a 
friendly correfpondence between the two royal allrono- 
mers of Greenwich and Paris ; and in the mean time to 
improve himfelf under fo great a mailer as Caflini. From 
thence he went to Italy, where be fpent great part of 
the year 1681; but his affairs calling him home, he 
then returned to England. 

Soon after his return, he married the daughter of Mr. 
Tooke, auditor of the exchequer, and took up his re- 
fidence at Ifiington, where he fet up his tube and fex- 
tant, and eagerly purfued his favourite ftudy: in the 
fociety of this amiable lady he lived happily for five-and- 
fifty years. In 1683 he publilhcd his Theory of the f'a- 
nation of the Magnetical Compafs ; in which he fuppofes 
the whole globe of the earth to be one great magnet, 
having four magnetical poles or points of altra&ion, &c. 
The Tame year alfo he entered upon a new method of 
finding out the longitude, by an accurate ohfervation of 
the moon's motion. His purfuits it feems were now a 
little interrupted by the death of his father, who hav¬ 
ing fuffered greatly by the fire of London, as well as by 
a fecond marriage, into which he had imprudently en¬ 
tered, was found to have walled his fortunes. Our au¬ 
thor foon refumed his purfuits however; for in the be¬ 
ginning of 1684. he turned his thoughts to the fobjeft of 
Kepler’s fefqui-alterate proportion ; when, after feme 
meditation, he concluded from it, that the centripetal 
force mull decreafe in proportion to the fquarc of the 
diftance reciprocally. He found himfelf unable to 
make it out in any geometrical way ; and therefore, af¬ 
ter applying in vain for aflillance to Mr. Hooke and Sir 
ChriUoplier Wren, lie went to Cambridge to Mr. New¬ 
ton, who fully fupplied him with what he fo ardently 
fought. But Halley having now found an immenfe 
treafure in Newton, could not reft, till he had prevailed 
with the owner to enrich the public with it; and to 
this interview the world is in feme mcafure indebted for. 
the Principia Matbematica Philofoph'ue Nat oralis. That 
great work was publilhcd in 1686; and Halley, who 
had the whole care of the imprefiion, prefixed to it a 
difeourfe of his own, giving a general account of the 
aftronomical part of the book; and alfo a very elegant 
copy of verfes in Latin. 

In 1687 he undertook to explain the caufe of a natu¬ 
ral phenomenon, which had till then baffled the re- 
fearchcs of the ableft geographers. It is obferved that 
the Mediterranean fea never wells in the lrall, although 
there is no vifible difeharge of the prodigious quan¬ 
tity of water that ruas into it from nine large ri¬ 
vers, befidcs feveral fmall ones, and the conftant fetting 


in of the current at the mouth of the Sfreights. _ His 
folution of this difficulty gave fo much fatisfaftion to 
the Society, that he was requefted to profecute thefe en¬ 
quiries. He did fo | and having {hewn, by accurate 
experiments, how that vail accciuon of water was ac¬ 
tually carried off in vapours raifed by the aft ion of the 
fun and wind upon its furface, he proceeded with the 
like fucccfs to point out the method ufed by nature to 
return the faid vapours into the fea. This circulation 
he fuppofes to be carried on by the winds driving thefe 
vapours to the mountains; where being collected, they 
form fprings, which uniting become rivulets or brooks, 
and many of thefe again meeting in the valleys, grow 
into large rivers, emptying themfelvcs at iaft into the 
fe.\ : thus demonftrating, in the moll beautiful manner, 
the way in which the equilibrium of receipt and ex- 
pence is continually preferved in the univerfal ocean. 

He next ranged in the field of fpeculative geometry, 
where, observing fome imperfeftions in the methods 
before laid down for conllruftingfolid problems, or equa¬ 
tions of the 3d and 4th powers, he furnilhed new rules, 
which were both more eafy and more elegant than any 
of the former ; together with a new method of finding 
the number of roots of fuch equations, and the limits of 
the fame. 

Mr* Halley next undertook to publilh a more corrcfl 
Ephemeris for the year 1688, there being then great 
want of proper ephemerides of any tolerable exa&nefs, 
the common ones being juftly complained of by Mr. 
Flamllecd.— In 1691 he publilhcd exaft tables of the 
conjunctions of Venus and Mercury ; and he afterwards 
(hewed one extraordinary ufc to be made of thofe ta¬ 
bles, viz, for difeovering the fun's parallax, and thence 
the true diftance of the catth from the fun.—In 1692, 
our author produced his tables for (hewing the value of 
annuities on lives, calculated from bills of mortality ; 
and his univerfal theorem for finding the foci of optic 
glaffes. 

But it would be endlefs to enumerate all his valuable 
difeoveries now communicated to the Royal Society, 
and publilhcd in the Fhilof. Tranf. of which, for many 
years, his pieces were the chief ornament and fupport- 
Their various merit is thrown into one view by the wri¬ 
ter of his eloge in the Paris Memoirs ; who, having 
mentioned his Hiftory of the Trade-winds and Mon- 
foons, proceeds in thefe terms : “ This was immediately, 
followed by his eftimation of the quantity of vapours 
which the fun raifes from the fea; the circulation of 
vapours; the origin of fountains ; queftions on the na¬ 
ture of light and tranfparent bodies; a determination 
of the degrees of mortality, in order to adjuil the va¬ 
luation or annuities on lives; and many other works, 
all the fciences relating to aftronomy, geometry, and 
algebra, optics and dioptrics, baliftics and artillery, fpe* 
culativc and experimental philofophry, natural hiftory, 
antiquities, philology, and criticilm ; being about 
or 30 differtations, which he produced during the 9 or 
10 years of his rcfidence at London ; and all abounding 
with ideas new. Angular, and ufeful.” 

In >691, the Savilian profefforfhip of aftronomy at 
Oxford being vacant, he applied for that office, but 
without fucccfs. Whifton, in the Memoirs of his own 
Life, tells us from Dr. Bentley, that Halley “ being 
thought of for fucceffor to the mathematical, chair at 
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Oxford^ bifhop Stillingfleet was defircd to recommend 
nim at court ; but hearing that he was a fceptic and a 
banterer of religion) the bifhop fcruplcd to be con* 
cerned, till his chaplain Bentley fhould talk with him 
about it, which be did. But Halley waa fo fincere in 
hia infidelity, that he would not fo much aa pretend to 
believe the chriftian religion, though he thereby waa 
likely to lofea profefforfhip; which he did accordingly, 
and it waa then given to Dr. Gregory.” 

Halley had nublifhed hia Theory of the Variation of 
the Maguctical Compafs, aa has been already obferved, 
in 1683 » which, though it waa well received both at 
home and abroad, he found, upon a review, liable to 
great and infuperable objections. Yet the phenomena 
of the variation of the needle, upon which St is raifed, 
being fo many certain and indifputed fads, he fpared 
no pains to poffcfs himfelf of all the obfervations 
relating to it he could poffibly come at. To this end 
he procured an application to be made to king William, 
who appointed him commander of the Paramour pink, 
with orders to fearch out by obfervations the difeovery 
of the rule of variations, and to lay down the longitudes 
and latitudes of the Englifh fettlements in America.— 
He fet out on this attempt on the 24th of November, 
*698: but having crofi'ed the line, his men grew 
iickly ; and his firft lieutenant mutinying, he returned 
home in June 1699. Having got the lieutenant tried 
and cafhieied, he ftt fail a fecund time in September 
following, with the fame (hip, and another of lefs bulk, 
of which he hadalfo the command. He now traverfed 
the vafl Atlantic ocean from onehcmifphere to the other, 
as far as the ice would permit him to go; and having 
made his obfervations at St. Helena, Brazil, Cape Verde, 
Batbadocs, the Madeira®, the Canaries, the coail of 
Barbary, and many other latitudes, he arrived in En¬ 
gland in September 1700 ; and the next year publifhed . 
a general chart, fhewing at one view the variation of the 
compafs in all thofe places. 

Captain Halley, as he was now called, had been at 
home little more than half a year, when he was fentby the 
king, to obferve the courfe of the tides, with the longi¬ 
tude and latitude of the principal head-lands in the 13 ri- 
tilh channel; which having executed with his ufual 
expedition ai.d accuracy, he publifhed a large map of 
the channel. 

Soon after, the emperor of Germany rrfolving to 
make a convenient haibour for/hipping in the Adriatic, 

-captain Halley w'as fent by queen Anne to view the 
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to Utria: but the Dutch oppofing the dclign, it was 
laid afide ; yet the emperor made him a prefent of a 
rich diamond ring from his finger, anti honoured him 
with a letter of recommendation, written with his own 
band, to queen Anne. Prcfently after his return, he 
was fent again on the fame bulinefs; when puffing 
through Hanover, he flipped with the electoral prince, 
who was afterward king George the ifl, and his fitter 
the queen of Pruflia. On his arrival at Vienna, he was 
the fame evening prefented to the emperor, who ft nt 
bis chief engineer to attend him to Ittria, where they 
repaired the fortifications of Triefle, aud added new 
ones. 


Mr. Halley returned to England in Nov. 1703 ; and 
the fame year he waa made profeflbr of geometry in the 
univerfity of Oxford, inftead of Dr. Wallis tlien juft 
dcceafed, and he was at the fame time honoured by the 
univerfity with the degree of do&or of laws. He was 
fcarcely fettled in Oxford, when he began to tranflate 
into Latin, from the Arabic, Apollonius de Settione 
Rutionis j and to reftore the two books Dt SrBione Spa - 
tii of the fame author, which are loll, from the account 
given of them by Pappus; and he publifhed the whole 
work in 1706. He afterwards had a /hare in preparing for 
the pref8 Apollonius’s Conics; and ventured to fnpply 
the whole 8th book, the original of which is alfoloft. 
To this work he added Sercnus on the Se&ion of the 
Cylinder and Cone, printed from .the original Greek, 
with a Latin tranflation, and publifhed the whole in 
folio 1710. Befide theft-, the MiJceUanea Curio/a, in 
3 volumes 8vo, liad come out under his dircdiun in. 
I ^08. 

In 1713, he fucceeded Do&or, afterwards Sir, Hans 
Sloanc, in the office of Secretary to the Royal Society. 
And, upon the death of Mr. rlamlleed rp 1719, he 
was appointed to fucceed him at Greenwich as Aftro- 
notner Royal; upon which occafion, that he might be 
more at lcifure to attend the duties of this office, he 
icfigned that of fecretary to the Royal Society in 
1721. Although he was 63 or 64 years of age when 
be entered upon his office at Greenwich, for the fpace 
of 18 years he watched the heavens with the clofeft 
attention, hardly ever miffing an obfervation during all 
that time, and, without any affillant, performed the 
whole bufinefs of the obfervatoiy himfelf. 

Upon the acceffion of the late king, his con fort queen 
Caroline made a vifit at the Royal Obfervatory; and 
being pleafed with every thing flie faw, took notice that 
Dr. Halley had formerly fcrvtd the crown as a captain 
in the navy: and fbe foon after obtained a grant of his 
half-pay for that commiffion, which he accordingly en¬ 
joyed from that time during his life. An otter was alfo 
made him of being appointed mathematical preceptor 
to the duke of Cumberland ; but lie declined that ho¬ 
nour, on account of his advanced age, and the duties 
of his office. In 1729 he was chofeii a foreign member 
of the Academy of Sciences at Paris. 

About 1737 he was ftir.ed with a paralytic diforder 
in his right hand, which, it is laid, was the firft attack 
he ever felt upon his conilitntion : however, became 
ns ufual once a week, till within a vuy flioit time of 
his death, to meet his friends in town on Thurfdai;, 
before the meeting ofthe Royal Society, at what is-yet 
called Dr. Halley’s club. His paralytic diforder in. 
dialing, his ftrength gradually wore away, till lie cx- 
piitd Jan. 14, 17+2, in the Soth year of hi* age; and 
his corps was internd in the church-yard of Lee near 
Blackhcatl).——Befide the woik* before mentioned, his 
principal publications ate, l. Catalog™ Sullarum Auj- 
tralhim. 2. Tabula Ajlronomha. 3. The Aftronomy 
of Comets. With a gieat multitude of Papers in the 
Piiilof. Tranf. from vol. 11 to vol. 60. 

HALIFAX (John). See Sa-crobosco. 

HALO, or Corona, a coloured circle appearing 
round the body of the fun, moon, or any of the larger 
ftars. 

Naturalfts conceive the Halo to arlfc fro:» a refrac- 
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tion of die rays of light in palling through the fine rare 
veficuke of a thin vapour towards the top of the atrao- 
« fpbere. 

Des Cartes obferve*, that the Halo never appears 
when K rains ; whence he concludes that this phenome¬ 
non is occafioned by the refraction'of light in the round 
particles of ice, which are then floating in the atmu- 
fphere } and to the different protuberance of thefeparti¬ 
cles he aferibes the variation in the diameter of the Halo. 
Gafiendi fuppofes, that a Halo is occafioned in the 
fame manner as the rainbow ; the rays of light being, in 
both cafes, twice refra&ed and once reflected within 
each drop of rain or vapour, and that the difference 
between them is wholly owing to their different fitua- 
tion with rcfpeCt to the obferver. Dcchalcs alfo endea¬ 
vours to (hew that the generation of the Halo is fimilar 
to that of the rainhow ; and that the realon why the 
colours of the Halo arc more dilute than thofe of the 
rainbow, is owing chiefly to their being formed, not 
in large drops of rain, but in very fmall vapour. But 
the moft confiderable and generally received theory, re¬ 
lating to the generation of Halos, is that of Mr. Huy¬ 
gens. This celebrated author fuppofes Halos, or cir. 
des round the fun, to be formed by fmall round grains 
of hail, compofcd of two different parts, the one of 
which is tranfparcnt, inclofing the other, which is 
opaque ; which is the general ftruClure actually obferved 
in kail. He farther fuppofes that the grains or glo¬ 
bules, that form thefe Halos, confided at firft of foft 
fnow, and that they have been rounded by a continual 
agitation in the air, and thawed on their outfide by the 
beat of the fun, &c. And he illult rates his ideas of 
their formation by geometrical figures. 

Mr. Weidler endeavours to refute Huygens’s manner of 
accounting for Halos, by a vaft number of fmall vapours, 
each with a fnowy nucleus, coated round with a tranf- 
parent covering. He fays,that when the fun paints its 
unage in the atmofphere, and by the force of its rays 
puts the vapours in motion, and drives them toward the 
furface, till they are collected in fuch a quantity, and 
at fuch a diftancc from the fun on each fide, that its 
rays are twice refraCted, and twice reflected, when they 
reach the eye they exhibit the appearance of a Halo, 
adorned with the colours of the rainbow ; which may 
happen in globular pellucid vapours without fnowy 
nuclei, as appears by the experiment of hollow glafs 
fpheres filled with water: therefore, whenever thofe 
fpherical vapours are fituated as before mentioned, the 
refraCtions and reflections will happen every where alike, 
and the figure of a circular crowu, with the ufual order 
of colours, will be the confcquencc.. Philof. Tranf. 
number 45 B. 

Newton’s theory of Halos may be feeu in his Optics, 
p. 155. And this curious theory was confirmed by 
aCtual obfcrvation in June 169a, when the author 
faw by reflection, in a veffel of itagnated water, three 
Halos, crowns, or rings of colours, about the fun, 
like three little rainbows concentric to his body. Thefe 
crowns inulofed one another immediately, fo that their 
colours proceeded in this continual order from the fun 
outward: blue, white, red} purple, blue, green, pale 
yellow, and red { pale blue, pale red. The like crowns 
sometime* appear about the moon. The more equal 
the globules of water or ice are to one another, the 


more crowns of colours .will appear, nttd the colours 
will be the more lively. Optics, p. *88. 

There are feveral ways of exhibiting phenomena 
fimilar to thefe. The flame of a candle, placed in the 
midft of a fleam in cold weather, or placed at the dif- 
tancc of fome feet from a glafs window that has been 
breathed upon, while the fpeCtaior is alfo at the dif- 
tance of fome, fact from another part of the window, or 
placed behind a glafs receiver, when air is admitted into 
the vacuum within it to a certain denfity, in each of 
thefe circumftatices will appear to be cncompaffed by a 
coloured Iialo. Alfa, a quantity of water being thrown 
up againft' the fun, as it breaks and difperfes into drops, 
forms a kind of Halo or iris, exhibiting the colours of 
the natural rainbow. Muffchcnbroek obferved, that 
when the glafs windows of his room were covered with 
a thin plate of ice on theinfide, thetnoon feeu through 
it was furrounded with a large and varioufly coloured 
Halo; which, upon opening the window, he found 
arofe entirely from that thin plate of icc, becaufc none 
was feeu except through this plate. Muffchcnbroek 
, concludes his account of coronas with obferving, that 
fomc deniity of vapour, or fume thickncfs of the plates 
of ice, divides the light in its tranfmiflion either through 
the fmall globules or their interfiices, into its fepa- 
rate colours; but what that denfity is, or what the 
fixe of the particles which compote the vapour, he 
does not pretend to determine. Introd. ad Phil. Nat. 
p. 1037. 

It has often been obferved that a Halo about the fun 
or moon, does not appear circular and concentric to the 
luminary, but oval and excenttic, with its longeil dia¬ 
meter perpendicular to the horizon, and extended from 
the moon farther downward than upward. Dr. Smith 
aferibes this phenomenon to the apparent concave of the 
fky being lefs than a hemifphere. When the angle 
which the diameter of a Halo fubtends at the eye is 
45 0 or 4b 0 , and the bottom of the Halo is near the ho¬ 
rizon, and confequcntly its apparent figure is moll oval, 
the apparent vertical diameter is divided by the moon in 
the proportion of about 2 to 3 or 4, and is to the ho- 
rizontal diameter drawn through the moon, as 4 to 3, 
nearly.—See farther on the fubjeCl of this article, 
1 ’riellley’s Hid. of Difcoveries relating to Vilion, p. 
596—^613; and Smith’s Optics, art. 167, 513, 526, 
527, &c. _ 

HAM FI. (John Baptiste dv), a very learned 
French philofopher and writer, in the 17th century, 
was born in lower Normandy in 1614. At 18 years of 
age lie published a treatife, in which he explained, in a 
veryfimple manner, and by one or two figures, Tbeo- 
dofius’s 3 bonks upon Spherics ; to which he added a 
traCt upon trigonometry extremely perfpicuous, and de- 
fiened as an introduction to aflronomy. He ptiblifiled 
afterwards various other works on aflronomy and phi- 
lofophy. Natuial philofuphy, as it was then taught, 
was only a collection of vague, knotty, and barren 
qneftians ; when our author undertook to eftablifh it 
upon right principles, and publiihed his slftronomia 

Pbyfuam 

iu 1 666 M. Colbert propofed 4 o Louis the 14th a 
fcheme, which was approved of, for eftablifhing a royal 
academy of faiences; and appointed our author fccre- 
tary of it. JU> *678, his Ph'tlofaphia Vttuj (if Nova 
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w*» printed at Parif in 4 voij, j2mo j and In 1681 It 
enlarged and printed there in 6 vola. He wrote 
feveral other pieces; and his works in this way were col¬ 
lected and pnbliflted at Nuremberg 168 f, in 4 volumes 
4to, under the title of Optra Pbitofopbica & AJlrtmomi- 
ea. Thefe were highly valued then, though the im- 
provements in philoiophy Cnee that time have rendered 
them of little or no ufe now. . 

In 1697 he rcCgfled his place of fecretary of the 
Royal Academy of Sciences ; in which he. was fuc- 
ceeded by M. Fontenellc. However, he publiihed, in 
1698, Regia Sciertt'wrum Academia WJior'm ,• 4to, in 
four books ; which being much liked, he afterwards 
augmented with two books more. This work contains 
an account of the foundation of the Royal Academy of 
Sciences, and its tranfaftions, from 1666 to 170a, and 
is now the moft ufe fill of all his works. He was Re¬ 
gius Profcflbr of Philofophy, in which office he was 
fiicceeded by M. Varignon, at his death, which hap¬ 
pened Aug. 6, 1706, m the 93d year of his age. 

IIANCES, Hatches, or Hanses, in nrcnitcfture, 
arc certain frnall intermediate parts of arches between 
the key or crown and the fpring at the bottom, being 
perhaps about one-third of the arch, and iiteated nearer 
the bottom than the top or crown ; and are othervvife 
called the fpandrels. 

HANDSPIKE, orHANDSPEC, a lever or piece of 
alh, elm, or other ilrong wood, for railing by the hand 
great weights, &c. It is 5 or 6 feet long, cut thin 
and crooked at the lower end, that it may get the eaficr 
between things that are to be Separated, or under any 
thing that is to be raifed. It is better than a crow of 
iron, becaufe its length allows a better poife. 

HARD JJiidics, are fueh as are abfolutely inflexible 
to any preffure or percuffion whatever: differing from 
foft bodies, whofe parts yield and are eafily moved 
amongil one another, without reftoring themfelves 
again ; and from elaflic bodies, the parts of which alfo 
yield and give way, but prefentlv ref!ore themfelves 
again to their former ftate and fituation. Hence, 
hard bodies do not bend, or indent, but break. It is 
probable however there are no bodies in nature that are 
abfolutely or perfectly either hard, foft, «r rlaftic j but 
all poffeffuig thefe qualities, more or lefs, in fume de¬ 
gree. M. Bernoulli goes fo far as to fay that Hard- 
nefs, in the common fenfe, is abfolutely irnpuffible, 
being contrary to the law of continuity. 

The laws of motion for hard bodies are the fame as 
for foft ones, both being fuppofed to adhere together 
on their impuCi. And thefe two foils of bodies 
might be comprized under the common name of Un¬ 
clad ic. 

HARDENING, the giving a greater degree of 
Jiardnefs to bodies than they had before. 

There are feveral ways of Hardening iron and ft eel; 
as by hammering them, quenching them in cold water, 
&c. 

C^-Harbenino, is a fuperfkial converfion of iron 
into fteel, as if it were cafing it, or covering it with a 
thin coat of harder matter. It is thus performed: 
Take cow horn or hoof, dry it well in an oven, and 
beat it to powder ; put equal quantities of this powder 
and of bay fait into dale urine, or white win* vinegar, 
and nqx them well together; cover the iron or fteel all 
’ 3 


overwith this mixture, and wrap it up in loam, or plate 
irou, fo as the mixture touch every part of the work ; 
then put it in the lire, and blow the coals to it, till the 
whole lump' have a blood red heat, but no higher; 
lallly, take it out, and quench it.—-See Steel, under 
which article ave deferibed other proccffea for this pur- 
pofe. 

HARDNESS, or Rigidity, that quality in bodies 
by which their parts fo cohere as hot to yield inwaid/or 
give way to'an external impulfe, withoutinftanlly going 
beyond the dillance of their mutual attraction; and 
therefore are not fubieCt to any motion in rcfptCl of 
each other, without breaking the body. 

There were many fanciful opinions among the ancients 
concerning the caufe of liardncfs; fucli as, heat, cold, 
drynefs, the hooked figure of the particles of matter. 
The Cartefians make the Hardnefs of bodies to confift 
in reft, as that of foft and fluid ones in the motion of 
tlieir particles. 

Newton fttews that the primary particles of all bo¬ 
dies, whether folid or fluid, are perfectly hard; and 
are not capable of being broken or divided by any power 
in nature. Thefe particles, he maintains, are connected 
together by an attractive power; and according to the 
circuinftances of this attraction, the body is either hard, 
or foft, or even fluid. If the particles be fo difpofed or 
fitted for each other, as to touch in large furfaces, the 
body will be hard ; and the more fo as thofe furfaces arc 
the larger. If, on the contrary, they only touch in 
fmall furfaces, the body, by the weaknefs of the attrac¬ 
tion, will remain foft. 

At prefent, many philofophers think that Hardnefs 
confifls in the abfence or want of the aftion of the uni- 
verfal fluid, or elementary fire, among the particles of 
the body, or a deficiency of what is called latent heat; 
while on the contrary, fluidity, according to them, con- 
fills in the motion of the particles, in confequence of the 
aftion of that elementary fire. 

Hardnefs appears to diminilh the cohefion of bodies, 
in fome degree, tliaugli their frangibility or brittlenefs 
does not by any means keep pace with their hardnefs. 
Thus, though glafs be very hard and very brittle ; 
yet flint is Hill harder, though lefs brittle. Among 
the metals, thefe two properties feem to be more coti- 
neClcd, though even here the connection is by no means 
complete: for though fteel be both the hardeft and 
moll brittle of all the metals ; yet lead, which is the 
fofteft, is not the mofl dudlile. Neither is Hardnefs 
connected with the fpeciiic gravity of bodies; for a 
diamond, the hardeft ftfbflance in nature, is little more 
than half the weight of the lighteft metal. And as 
little is it connected with the coldnefs, or cleftrical 
properties, or any other quality with which wc are ac¬ 
quainted. Some bodies are rendered hard by cold, and 
others by different degrees of heat. 

Mr. Quift and others have conftrufted tables of tip 
Hardnefs of different fubftances. And the manner of 
conllrufting thefe tables, was by obferving the order in 
which they were able to cut or make any impreflion 
upon one another. The following table, extracted from 
Magellan’s edition of Cronftedt’a Mineralogy, was 
taken from Quift, Bergman, and Kirwan. The firft 
column IhewstEc Hardnefs, and thefecond the fpeciiic 
gravity. 

Diamond 
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'Diamond from Ortnui 
'Pink diamond 
Blucifh diamond 
YcUowifli diamond 
Cubic diamond 
Ruby ... 

Psfle blue fapphire 
Pale ruby from Brazil 
.Deep blue fapphire 
Topaz 

Whitiib ditto . 

■Ruby fpinell 
‘Emerald 
‘Garnet 
Agate 
Onyx 
Sardonyx 
Bohemian topaz 
Occid. amcthyft 
Cryftal 
Carnelian 
Green iafper 
Schoerl 
Tourmaline 
Quartz 
Opal • 

Chryfolite • 

Reddifh yellow jafper 
Zeolyte - - 

Fluor 

Calcareous fpar 
Gypfum 
Chalk 

HARMONICA, Harmonics, a branch or divi¬ 
sion of the ancient mufic; being that part which confi- 
ders the differences and proportions of founds, with re- 
fpeA to acute and grave; as diflinguifhed from Rhyth- 
mica, and Metrics. 

Mr, Malcolm has made a very tnduilrious and learn¬ 
ed enquiry into the Harmonica, or harmonic principles, 
of the ancients. 

Harmonica, the name of a mufical inftrument in¬ 
vented by Dr. Franklin, confiding of the glades, called 
mufical glafles. 

It is mid that the firft hint of mufical glades is to be 
found in an old Englifh book, in which a number of va¬ 
rious amufements were described. That author dire As 
his pupil to choofe half a dozen drinking-glades ; to dll 
each of them with water in proportion to the gravity or 
acutenefs of the found which he intended it to give ; and 
having thus adjufted them one to another, he might en¬ 
tertain the company with a church tune. Thelc were 
.perhaps the rude hints which Mr. Puckeridge, an Irifh 

E ntleman, afterwards improved, and after him, Mr. E. 

elaval, an ingenious member of the Royal Society ; 
and dnally brought to perfcAion by the celebrated 
Franklin. See the hiflory and defeription in his Let¬ 
ters, particularly in that to Beccaria. 

HARMONICAL, or Harmonic, fomething re¬ 
lating to Harmony. Thus, 

Harmonic At Arithmetic , it ib much of the theory 
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and doArine of numbers, at relates to making the com¬ 
panions and reductions of mufical intervals, whict) are 
expreded by numbers, for finding their mutual relations, 
compolitions, and refolutions. 

Harmonical Compofition , in its general fenfe, in¬ 
cludes the compofition both of harmony and melody ; 

i. e. of mufic, or fong, both in a Angle part, and in fe- 
vcral parts. . 

Harmonical Interval, the difference between two 
founds, in refpeft of acute and gtave : or that imagi¬ 
nary fpace terminated with two founds differing in 
acutenefs or gravity. 

•Harmonical Proportion, or Mufical Proportion, is 
that in which the firft term is to the third, as the dif¬ 
ference of the firft andfecond is to the difference of the 
2d and 3d ; or when the firft, the third, and the laid 
two differences, are in geometrical proportion. Or, 
four terms are in Harmonical proportion, when the 1 ft 
is to the 4th, as the difference of the lit and 2d is to 
the difference of the 3d and 4th. Thus, 2, 3, 6, arc io 
harmonical proportion, bccaufe i t 6 :: 1 : 3. And the 
four terms 9, 12, 16, 24 are in harmonical proportion, 
bccaufe 9 : 24 :: 3 : 8.—— If the proportional terms be 
continued in the former cafe, they will form an harmo- 
nical progreftion, or feries. 

1. The reciprocals of an arithmetical progreftion are 
in Harmonical progreftion ; and, conversely, the reci¬ 
procals of Hartjnonicals arc arithmetieals. Thus, the 

reciprocals of the Harmonicals 2, 3, 6, arc —» —, 4 * 

’■ 230 

which are arithmetieals; for — — — = -7*, and 

236 

— —• ~ = — alfo : and the reciprocals of the arith- 
306 

meticals 1, a, 3, 4, &c, arc —,—» —»See, which 

I 2 J 4 

are Harmonicals; for —: — ::-—: — — •—; 

1 3 122 3 

and fo on. And, in general, the reciprocals of the 
arithmetieals a, a + </, a + id, a 4- 3 d, &c, viz, 

—, * ■ ' , — 1 &c, arc Harmonicals i 

a * a + d * a + id'* a + 3 / 

et e contra. 

2. If three or four numbers in Harmonical propor¬ 
tion be cither multiplied or divided by fome number, 
the products, or the quotients, will ftill be in Harmo¬ 
nica! proportion. Thus, 

the Harmonicals - 6, 8, 1 2, 

multiplied by 3 give 12, 16, 24, 

or divided by t give 3, 4, 6, 

which are alfo Harmonicals. 

3. To find a Harmonical mean proportional between 
two terms: Divide double their produA by their 
fum. 

4. To find a 3d term in Harmonical proportion 
to two given teims : Divide their produA by the 
difference between double the xft term and the ad 
term. 

5. To find a 4th term in Harmonical proportion 
to three terms given : Divide the produA of the lft 
and 3d by the difference between double the ill and the 
ad term. 

Hence, 
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Hence, of the two term* a and b j 
the Harmonica! mean is 

a + b' 

the 3d Harmonical propor. is — 

2 a —0 

alfo to a, b, e, the 4th Harm, is — ~~y 

6 . If there be taken an arithmetical mean, and a 
Harmonical mean, between any two terms, the four 
terms will be in geometrical proportion. Thus, be* 
tween 2 and 6, 

the arithmetical mean is 4, and 
the Harmonical mean is 3 ; 
and hence 2 : 3 :: 4 : 6. 

Alfo, between a and b, 

the arithmetical mean is and 

2 

the Harmonical mean is 2a ^ 


but a : 


2ab 
a + b 


a H- b 


a -f- b ’ 
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HARMONY, in Mufic, the agreeable refult of an 
union of feveral mufical founds, heard at one and the 
fame time; or the mixture of divers founds, which to* 
gether have an agreeable effect on the ear. 

As a continued fucceflion of mufical founds produces 
melody, fo a continued combination of them produces 
Harmony. 

Among the ancients however, as fometimes alfo among 
the moderns, Harmony is ufed in the drift fenfe of con- 
fonance ; and fo is equivalent to the fymphony. 

The words concord and Harmony do really fignify 
the fame thing; though cudom has made a little dif¬ 
ference between them. Concord is the agreeable effeft 
of two founds in confonance ; and Harmony the effeft 
of any greater number of agreeable founds in coufo- 
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Again, Harmony always implies confonance; but 
concord is alfo applied to founds in fucceflion ; though 
never but where the terms can dand agreeably in con¬ 
fonance. The effeft of an agreeable fucceflion of feve- 
ral founds, is called melody; as that of an agreeable 
confonance is called Harmony. 

Harmony is well defined, the fum or refult of the 
combination of two or more concords; that is, of three 
or more Ample founds driking the ear all together; and 
different compositions of concords make different Har¬ 
mony. 

The ancients feem to have been entirely unacquainted 
with Harmony, the foul of the modern mufic. In all 
their explications of the melopccia, they fay not one word 
of the concert or Harmony of parts. \Ve have inftances* 
indeed, of their joining feveral voices, or indruments, in 
confonance ; but.then thefe were not fo joined, as that 
each, had a didinft and proper melody, fo making a 
fucceflion of various concords; but they were either 
unifona, or oftaves, in every note; and fo all performed 
the fame individual melody, and conffitutcd one fong. 

When the parts differ, not in the tcnfion of the- 
whole, but in the different relations of the fucccflive 
notes, it is this that conflitutcs the modern art of Har¬ 
mony. 


Harmony of the Spheres, or Ctlejlial Harmony, ■' 
kind of mufic much fpoken of by many of the ancient 
philofophers and fathers, fupffoled to be produced by 
the fweetly tuned motions of the ftars and planets. This - 
Harmony they attributed to the various proportionate 
impref&ons of the heavenly bodies upon one another, 
afting at proper intervals. They think it impofiible 
that luch prodigious bodies, moving with fucli rapidity, 
fhould be nlent: on the contrary, the atmofphere, con¬ 
tinually impelled by them, muff yield a fet of founds 
proportionate to the impreffion it receives; and that- 
confequently, as they run all in different circuits, and 
with various degrees of velocity, the different tones 
arifing from the diverfity of motions, direfted by the* 
hand of the Almighty, muff form an agreeable fympho¬ 
ny or concert. 

They therefore fuppofed, that the moon, as being the 
lowed: of the planets, correfpondcd to mi; Mercury, to 
fa 1 Venus, lo fol; the Sun, to la; Mars, to ft ; Ju- 

S iter, to ut ; Saturn, to re ; and the orb of the fixed, 
ars, as being the higheft of all,to mi, or the oftave. 

It i'b thought that Pythagoras had a view to the gra¬ 
vitation of celeftial bodies, in what he taught concern¬ 
ing the Harmony of the fpheres. 

A mufical chord gives the fame note as one double 
in length, when .the tenfion or force with which the 
latter is ftrctched is quadruple.; and the gravity of a - 
planet is quadruple of the gravity of' a planet at a 
double diffance. In general, that any mufical chord 
may become unifon to a leffer chord of the fame kind, 
its tenfion muff be increafed in the fame proportion as 
the fquare of its length is greater; and that the gravi¬ 
ty of a planet may become equal to the gravity of 
another planet nearer the fun, it muff be increafed in 
proportion as the fquare of its diffance from the fun is 
greater. If therefore we fhould fuppofe mufical chorda ■ 
extended from the fun to each planet, that all thefe 
chords might become unifon, it would be requifite to 
increafe or diminifh their tenfions in the fame propor¬ 
tions as would be fuflicient to render the gravities or the 
planets equal; and from the fimilitude of thofe pro¬ 
portions, the celebrated doftrine of the Harmony of 
the fpheres is fuppofed to have been derived.- 

Kepler wrote a large work, in folio, on the Harmo¬ 
nies of the world, and particularly of that of the celef¬ 
tial bodies. He firff endeavoured to find out Come 
relation between the dimetifions of the five regular foiids 
and the intervals of the planetary fpheres; and imagin¬ 
ing that a cube, inferibed in the fphere of Saturn,, 
would touch by its fix planes the fphere of Jupiter, and" 
that the other four regular foiids in like manner fitted 
the intervals that are between the fpheres of the other 
planets* he became purfuaded that this-was the true 
rcafon why the primary planets were preeifoly fix in - 
number, and that the author of - the world had deter¬ 
mined their diftances from the fun, the centre of the 
fyffcm, from a regard to this analogy. But afterwards 
finding that-the difpofition of the five regular foiids 
amongff the planetary fpheres,. was not agreeable to 
the intervals between their orbits, -he endeavoured to 
difeover other fchemes -of Harmony. For this purpofe 
he compared the motions of the fame planet at its 
greateft and leaft difiances, and of the different planets 
in .their feveral orbits, as they, would appear viewed.. 

froift.. 
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from (lie (tin; and here he fancied that he found a fi- 
militude to the divifiont of. the oftavc in,mufic. Laftly, 
he imagined that if lined were drawn from the earthy to 
each of the planets, and the planets appended to them, 
or A retched by weights proportional to the planets, 
thefe lines would then found all the notes in the o&ave 
of a muftcal chord. 

See his Harmonics} alfo Flin. lib. a, cam u ; Ms* 
erob. in Sonm. Scip. lib. 2, cap. i ; Plntafth de Ani¬ 
mal. Procreatione, i Timxo; and Madaurin’s View of 
Newton’s Difcov. book i, chap. a. 

HARQTJEBUSS, a hand-gun, or a fire-arm of a 
proper length and weight to be borne in the arm. 
Hanzelet prefcribes its proper length to be 40 calibres, 
or diameters 6f its bore; and the weight of its ball 1 oz. 
and |; its charge of powder as much. 

HARRIOT (Thomas), a very eminent Englifh 
mathematician and aflronomer, was born at Oxford Jn 
1560, and died at London July 2, 1621, in the (STjl 
year of his age. Harriot has hitherto been known to 
the world only as an algebra ill, though a very eminent 
one; bnt from his mamilcript papers, that have been but 
lately difeovered by Dr. Zach, aflronomer to the duke 
of Saxe-Gotlia, it appears that he was not lefs eminent 
as an aflronomer and geometrician. Dr. Zach has 
printed an account of tnofe papers, ip the Aftronomi- 
cal Ephcmeria of the Royal Academy of Sciences at 
Berlin, for the year 1788; of which, as it is very 
curious, and contains a great deal of information, I 
(hall here give a tranflation, to ferve as memoirs con¬ 
cerning the life and writings of this eminent man; af¬ 
terwards adding only fume neceffaiy remarks of my own. 

44 I here prefent to tlic world (fays Dr. Zach), a 
fhort account of fome valuable and curious manuferipts, 
which I found in the year 1784, at the feat of the earl 
of Egremont, at Petworth in Suffcx, in hopes that this 
learned and inquifitivc~ age will either think my endea¬ 
vours about them worthy of its aiMance, or elfe will 
be thereby induced to attempt fome other means of 
publifhing them. The only undeniable proof I can 
now produce of the ufefulnefs of fuch an undertaking, 
is by giving a fuccinft report of the contents of thel'e 
materials, and briefly (hewing what may be cffe&cd by 
them. And although i come to the performance *f 
fuch an enterprize with much lefs abilities than the 
different parts of it require, yet I trull that my love for 
truth, my deiign and zeal to vindicate the honour due 
to an Englilhman, the author of thefe manuferipts, 
which arc the chief reafons that have influenced me in 
this undertaking, will ferve as my excufe, 

“ A predeceffor of the family of lord Egremont, 
viz, that noble azd generous earl of Northumberland, 
named Henry Percy, was not only a generous favourer 
of all gobd learning, but alfo a patron and Mxcenat of 
the learned men of his age. Thomas Harriot, the 
author of the laid manuferipts, Robert Hues (well 
known by his Treatifc upon the Globes), and Walter 
Warner, all three eminent mathematicians, who were 
known to the earl, received from him yearly penfions ; 
fo that when the earl was committed prisoner to the 
Tower of London in the year 1606, our author, with 
Hues asd Warner, were his conftant companions ; and 
were ufually called the.earl of Northumberland’s three 
Magi. 


“ Thonfas Harriot as a known and celebrated Mathe¬ 
matician among the learned of all nations, by his excel¬ 
lent work, Artis Analytic* Praxis, ad stquatiemes ahe- 
braicae nova expedita £jf general's methodo, refobvenaas, 
Traflatus fofthumus ; Lcmd. 1631: dedicated to Hen¬ 
ry earl of Northumberland ; publilhcd after his death 
by Walter Warner. It is remarkable, that the lame 
and the honour of this truly great man were conilantly 
attacked by the French mathematicians; who could 
not endure thef Harriot'Ihould in any way diminilh 
the fame of their Vieta and Des Cartes, efpccially the 
latter, who was openly accufed of plagiarilm from our 
author. Montucla's Hiftoire des Mathematiqsus , 

part 3, p. 485 (sf feq.—Leltres de M. Des Cartes, tom . 3, 
pa. 457, edit. Paris 1667, tn 4/0.— DiSionnaire de Mu- 
reri, word Harriot Encyclopedic, word Algebra.— JLct- 
trrs de M. de Voltaire , fur la nation Angloije , lettre 14. 
—-Mcmoirc de V Able de Gua dans les Mem. de l'Acad, des 
S.iences de Paris pour 1741.— Jer. Collier's great Hifto- 
rical dictionary, word Harriot.— —Dr. Wallis’s preface 
to bis Algebra.-—To which may be added the article Al¬ 
gebra, in this di 8 ionary.~\ 

“ Des Cartes publilhed his Geometry 6 years after 
Harriot’s work appeared, viz, in the year 1637. Sir 
Charles Caventlilh, then ambaflador at the French court 
at Paris, when Des Cartes’s Geometry made its firfl ap¬ 
pearance in public, obferved to the famous geometrician 
Roberval, that thefe improvements in Analyfis had been 
already made thefe 6 years in England, and Ihewed him 
afterwards Harriot’s Artis Analytic* Praxis, which at 
Roberval was looking over, at every page he cried out, 
Oui 1 out ! il Pa vu ! Tee J yes ! he has feen it l Des 
Cartes had alfo been in England before Harriot’s 
death, and had heard of his new improvements and in - 
ventions in Analyfis. A critical life of this man, which 
his papers would enable me to publilh, will (hew more 
clearly what to think upon this matter, which I hope 
may be difeufled to the due honour of our author. 

** Now all this relates to Harriot the celebrated 
analyft ; but it has not hitherto been known that Har¬ 
riot was an eminent aflronomer, both theoretical and 
practical, which firll appears by thefe manuferipts; 
among which, the moll remarkable are-199 obferva- 
tions of the Suu’s Spots, with their drawings, calcula¬ 
tions and determination 1 ! of the fun's rotation about bis 
axis. There is the greatcll probability that Harriot 
was the firfl difeoverer of thefe fpots, even before cither 
Galileo or Seheiner. The carliefl intelligence we have 
of the firft difeovered folar fpots, is of one Joh. Fabri- 
cius Vhryfius, who in the year 1611 publifhed at Wit- 
temberg a fmall treatifc, intitlcd, De Maeulisin Sole oh- 
frrvatis appareute eorutn cum Sole conversant narratio. 
Galileo, who is commonly accounted the firft difeoverer 
of the Solar Spots, publilhed his book, Ifioria e Dinon • 
fractions intorne a/le Machie Solare e lero accidents , at 
Rome, in the year 1613. His firft obfervation in thio 
work, is dated June 2, 161 z. Angelo de -Filiis, the 
editor of Galileo’s work, who wrote the dedication and 
preface to it, mentions, pa. 3, that Galileo had not 
only difeovered thefe fpots in the month of April in the 
year i6it, at Rome, in the Quirinal Garden, but had 
(hewn them fevcral months before ( molts ends stmemsu) 
to his friends in Florence. And that .the observations 
of the difguifed Apelles (the Jefuit Seheiner, a pre¬ 
tended 
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**#<***■ *9. *&•*$** <8fcowy) wgre not later than the 
iqorui of October, in the-fame year; by which the 
epoch of thistlifcovery was fixed to the beginning of 
the vcar 16 i t. Bat a paffage in the firft letter oKJa- 
llJeo*« works, pa. 11, gives a more precife term to this 
difeovery. Galileo there fays in plain terms, that he 
Had obferved the Spots in the Sun 18 jthpnths before. 
The date of this letter is May 24, (fits; which brings 
the.true epoch of this difeovery to the month of Novem¬ 
ber, 16 fo. 'However, Galileo's firft produced observa¬ 
tions are t only from June a, 1612, and thofe of father 
Scheiner of the month of Oltober, in the fame year. 
Butlnowit appears from Harriot's manuferipts, that 
hts firft observations of thefe Spots are of Dec. 8,1610. 
It is not likely that Harriot could have this notice 
from Galileo, for I do not find this mathematician's 
name ever quoted in Harriot’s papers. But I find him 
mentioning Jofcphus a Cofta's book i, chap. 2, of his 
Natural and Moral Hiflnry of the Wejl Indiet , in which 
he relates that in Peru there are Spots to be Seen in the 
Sun which are not to be feen in .Europe. It rather 
Seems that Harriot liad taken the hint from thence. 
Befides, it is very likely that Harriot, who lived with 
fo generous a pation to all good learning and improve¬ 
ments, had got the new invention of telefcopes in Hol¬ 
land much fooncr in England, than they could reach 
Galileo, who at that time lived at Venice. Harriot's 
very careful and exalt observations of thefe Spots, fhew 
alfo that he was in poffeffion of the beft and moft im¬ 
proved telefcopes of that time ; for it appears he had 
fome with magnifying powers of 10, 20, and 30 times. 
At lead there arc no earlier obfervations of the Solar 
Spots extant than his: they run from December 8, 
1610, till January 18, 1613. I compared the corre- 
fporuling ones with thefe obferved by Galileo, between 
which I found an exalt agreement. Had Harriot had 
any notion about Galileo's difeoveries, he certainly 
would have alfo known Something abojit the phafes of 
Venus and Mercury, and efpecially about the Angular 
fliape of Saturn, firft difeovered by Galileo ; but I find 
not a word in all his papers concernifig the particular 
figure of that planet. 

• “ Of Jupiter's Satellites. I found among hit papers 
a large fet of obfervations, with their drawing, pofition, 
and calculations of their revolutions and periods,. His 
firft obfervatkm of thofe difeovered Satellites, I find to 
be of January 16, 1610; and they go till February 
26, t6ia. Galileo pretends to have difeovered them 
January 7, 1610; fo that it is not improbable that 
Harriot was likewife the firft difeoverer of,thefe atten¬ 
dants of Jupiter. . , ., . 

’ ** Among his other obfervations oF the Moon, of 
Ibme Edipfes, of the planet Mars, of Solftices, of Re- 
frad ion, of the Declination of the Needle ; there are 
moft remarkable ones of the noted Comets of 1607,-pd 
of tfi 18, the latter, for there were two this year (fee 
Kepler de Cometh, pa. 49/ They were all obferved 
wini a crofs-ftaff, by meafuring their dmances from 
fixed Ears'; whence thefe obfervations arc the more va¬ 
luable, as comets had before been but grolsly obferved: 
Kepler himfelf obferved the comet of 1607 only with 
the naked eye, pointing out its dace by a coarie efti- 
mation, without the aid of an inftrument; and the ele- 
yaents of these orbits cotdd, in defe& of oettcr obfcrva- 
Vofc.I. 


tiona, |e calculated by them. The obfomtions of 
the cometof the year 1^07, are ofthe more importance,* 
even now for modern aftronoihy, as this is the fame 
comlt that fulfilled Dr. Hatley 'spredi&ton df itii retUrfi 
in tbeyear 1759. That prtdldion was otdy groftndei 

K tbe elements afforded him by thefe coarfs obferva- 
;■ for which rtafon he only affigUed the term of iti 
return to .the Space of a year. The very intricate cal- 
culations of the perturbations of this comet, afterwards 
made by M. Clairaut, reduced ‘the limits to a month's 
fp^c* But a greater light' may now be throwh upon 
tbis matter by the more accurate obfemtion* on this 
comet by Mr. Harriot. In the month of Oftobcr 
178?,' when I converfed upon the fubjed of Harriot's 
papers, and efpecially on this comet, with the very cele¬ 
brated mathematician M. de la Grange, director of the 
Royal Academy of Sciences at Berlin; he then fuggeft- 
ed to me an idea, which, if brought iuto Execution, wiS ' 
char up an important point in aftronomy* ' It is well 
known to aftronomers how difficult a matter it is, to de¬ 
termine the mafs, or quantity of matter, in ‘the planet 
Saturn; and how little fatisfatStory the notions of it are, 

' that have hitherto been formed. The whole theory of 
the perturbations of comets depending upon this uncer¬ 
tain datum, feveral attempts and trims have been made 
towards a more exalt determination of it by the moft 
eminent geometricians of this age, and particularly by 
la Grange himfelf; but never having bfcen Satisfied with 
the few and uncertain -data heretofore obtained for the 
resolution of this problem, he thought that Harriot’s 
obfervations on the comet of 1607, and the modem 
ones of the fame comet in 1759, would fuggeft a way 
of qftblving the problem a pofleriori ; that Of determining 
by them tne elements of its ellipfis. The retardation 
or the comet compared to its period, may clearly be 
laid to the account of the attra&ion and perturbation it 
has fuffered in the region of Jupiter ana Saturn; and’ 
as the part of it belonging to Jupiter is very well known, 
the remainder muft be the fltare which is due to Saturn 4 
from whence the mafs of the latter may be inferred. Io 
confluence of thiB confederation I have already begun 
to reduce moft of Harriot's obfervations of this comet, 
in order to calculate by them the true elements of it* 
orbit on an elliptical hypothefis, to complete M. la 
Grange's idea upon this matter. 

“ I forbear to mention here any more of Harriot 4 * 
analytical papers, which I found in a veiy great-number. 
They contain Several elegant Solutions of quadratic, cu- 
bic, and biquadratic equations; with fome other Solutions 
and loca geometrical that fhew his eminent qualifications, 
and will ferve to vindicate them againft the attacks of fe¬ 
veral French writers, who refufe him the juftice due to 
his ikill and accomplifhments, merely to fave Des Cartes'* 
honour, who yet, by fome impartial men of hit own na¬ 
tion, was accufcd of public plagiarifm. # t . 

“ Thomas Harriot was born at ! Oxford, in the yea* 

1 j6o. After being inftruded in the rudiments of lan¬ 
guages, he became a commoner of St. Marys-Half; 
where he took the degree of bachelor of arts in 1579. 
He had then fo difttnguifhed himfelf by his uncommon 
Ikill in mathematics, as to be recommended foon after to 
Sir Walter Riakigh, as a proper preceptor, to him in 
that Science. Accordingly that noble Knight became 
his firft patron, took him into his family, and allowed 
4 F Wm 
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him 11 handfome penfion. In f -went .over with' 
Sir Walter'# firft colony to Virginia.} whore he was em¬ 
ployed in difeovering and furveyiog thecountry, It c j 
map# of which I have found (fay# Pr.^Zach) very neat- 
ly done among his papers* After his return he pub- 
Itihed A Brief and True Report of the Knvfoundtand of 
Ftrginia, of the Commodities there found to be raifed, See ; 
Lond. 1588. This was reprinted in the 3d volume of 
Hakluyt's Voyages: it was alfo tranflated iftto Latin, 
and printed at Frankfort in the year 1500. Sir Walter 
introduced him to the acquaintance of the carl of Nor¬ 
thumberland, who allowed him a yearly penfion; Wood 
fays, of i2ol. only} but by fome of his receipts, which 
1 have found among his papers, it appears that he had 
300), which indeed was a very large fum at that time. 
Wood, in his A then, Oxon , mentions nothing of Har¬ 
riot's papers, except a manufeript in the library at Sion 
College, London, entitled Ephemera Chyrometriea . I 

f ot acceft to .this library and mamiferipts, and was in- 
eed in hopes of finding fomething more of Harriot's; 
for moft of lus observations are dated from Sion College; 
but 1 could not find any thing from Harriot liimfclf. 
I found indeed'fome other papers of his friends: he 
mentions, in his obfcrvations, one Mr. Standifh, at Ox¬ 
ford, and Nicol. Torperly, who alfo was of the ac¬ 
quaintance of the earl of Northumberland, and had a 
yearly penfion: from the former I found two obfcrva¬ 
tions of the fame comet of 1618, made in Oxford, which 
be communicated to Mr. Harriot. 

M Thomas Harriot died July 2,1621. His difeafe 
was a cancerous ulcer in the lip, which fome pretend he 

K t by a cuftom he had of holding the mathematical 
ift inftrattents, when working, in his mouth. 1 found 
Several of his letters, attd anfwers to them, from his phy- 
fician Dr. Alexander Rhead, who in bis treatife men¬ 
tions Harriot's difeafe. His body was conveyed to St. 
Chriftopber't church, in London. Over his grave was 
Soon after created a monument, with a large infeription, 
which was deftroyed with the church itfeli by the oread - 
fid fire of September 1666. He was bat-60 years of age.” 

The peculiar nature and merits of Harriot’s Alge¬ 
bra, we have fooken largely and particularly of, under 
the art. Algebra, page 89. As to his manufeript# 
lately difeovered by Dr. Zach, as above mentioned, it is 
with pleafure I can announce, that they are in a fair train 
to be publilhed : they have been prefented to the uni- 
verfity of Oxford, on condition of their printing them | 
with a view to which, they have been lately put into 
the hands of an ingenious member of that learned body, 
to arrange and prepare them for the prefs. 

HARRISON (John), a moft accurate mechanic, 
die celebrated inventor of the famous time-taper for as¬ 
certaining the longitude at fca, and alfo of the com¬ 
pound or gridiron-pendulum t was born at Foulby, near 
Fontefradt' in Yorkshire, in 1692. His father was a 
carpenter, in Which profeffion tbefan affilled; occafion- 
ally alfo, -according to the mifeeHaneous practice of 
country artifts, fnrv eying land, and repairing clocks and 
watches} and young Hartifon always was, from his 
early childhood, greatly attached to any machinery 
moMngby wheels. In i?oo he removed with -his fa¬ 
ther to Barrow in Lin coin {hire; where, though hts op- 
jrort entities of acquiring knowledge were very few, he- 
eikgeriy improved every incident Grom which be might 


colled information} frequently employing all or great, 
part of his nights in writing or drawing 1 and he always 
acknowledged his obligations to a clergyman who came 
every Sunday to officiate in the neighbourhood, who lent 
him a MS. copy of profefibr Sandet Ton's lefturei; which 
he carefully and neatly tranferibed, with all the dia¬ 
grams. His native genins exerted itfelf fpperior to thefo 
foUtary difad vantages;. for in the year 1726,' he had 
conftruCted two clocks, tnoftly. of wood, in which he 
applied the efcapement and compound pendulum of 
his own inventions thefe furpafied every thing then 
made, fcarcely erring a fecond in a month* In 17*8, 
he caine up to London with the drawings of a machine 
for determining the longitude at fca, in expectation of 
being enabled to execute one by the Boara of Longi¬ 
tude. Upon application to Dr. Halley, the aftronomer 
royal, he refei red him to Mr. George Graham } who 
advifed him to make his machine, before applying to 
that Board. He accordingly returned home to per¬ 
form his talk ; and in 1735 came to London again with 
his firft machine; with which he was fent to Lifbon 
the next year, to make trial of it. In this fhort voyage, 
he corrc&ed the dead reckoning about a degree and a 
ha)f; a fucccfs which procured him both public and 
private encouragement. About the year 1739 he com¬ 
pleted his fecond machine, of a conftruCtion much more 
umple than the former, and which anfwercd much bet¬ 
ter : this, though not lent ’to fea, recommended Mr. 
Harrifon yet ftronger to the patronage of his friends and 
the public. His third machine, which he produced ia 
1749, was ftill lefs complicated than the fecond, and 
more accurate, as erring only 3 or 4 feconds in a week. 
This he conceived to be the nepita ultra of his attempts 
but by endeavouring to improve pocket-watches, he 
found the principles he applied to iurpafs his expecta¬ 
tions, fo much, as to encourage him to make hts fourth, 
time-keeper, which is in the form of a pocket-watch, 
about 6 inches diameter. With this time-keeper his firm 
mjde two voyages, the one to Jamaica, and the other 
to Barbadoes; in which experiments it corrected the 
longitude within the ncareft limits required by the aCt 
of the 12th of queen Anne; and the inventor had 
therefore, at different times, more than the propofed re¬ 
ward, receiving from the Board of Longitude at dif¬ 
ferent times almoft 24,000b befides a few hundred* 
from the Eaft India Company, &c. Thefe four ma¬ 
chines were given up to the Board of Longitude. The- 
three former were not of any ufe, as all the advantages 

S tncd by making them, were comprehended in the 
t: being worthy however of prefervation, as mecha¬ 
nical curiofities, they are depofited in the Royal Ob- 
fervatory at Greenwich. The fourth machine, empha¬ 
tically diftinguiftted by the name of The time-keeper* 
was copied by the ingenious Mr. Kendal ^ and that du¬ 
plicate, daring a three year# circumnavigation of the 
globe in the fouthera hemifpberc by captain Cook, on-, 
lwcrcd as well as the original. 

The latter part of Mr. Harrifonl life was employed 
in making s fifth improved time-keeper, on the fame 
principles with, the preceding one * which, after a ten- 
weeks trial,, in* 1772, at the king's private obfervatorjr 
at Richmond, erred only 4} feconds. Within a few. 
yeCrs of hi*death, his cofiftituthm vifibly declined}, 
aad-he had faqventfiteefthc gout,adi£wdcr that, 
t seven'' 
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imtr attacked him before his 77th year* Hi# dbnftitu- 
t!on at laft yielding to the infirmities of old age, be 
died at his houfe m Red-Lion Square, in 1776, at fie 
years of age. 

Like many other mere mechanics, Mr. Harrifon 
round a difficulty in delivering his fcatiment! in writ¬ 
ing (at leaft in the latter periods of his life, when his 
faculties were much impaired) in which he adhesed to a 
peculiar and uncouth phiafeology. This was but too 
evident in his Defcription concerningfuch Mechaniftn at 
will afford a met or true Menfuratien of Time, &c. Svo, 
*775. This final! work iucludes alfo an account of his 
newmufical fcale; being a mechanical divifion of the 
o&ave, according to the proportion which the radios 
and diameter of the circle have refpe&ively to the' cir¬ 
cumference. He had in his youth been the leader of a 
band of church-fingers; had a very delicate ear for 
mufic; and his experiments on found, with a curious 
monochord of his own improvement, it has been faid 
were not lefs accurate than thofe he was engaged in for 
the menfuration of time. 

HAUTEFEUILLE (John), an ingenious mecha¬ 
nic, born at Orleans in 1674. He made a great pro- 
greft in mechanics in general, but had a particular tafte 
for clock-work, and made feveral difeoveries in it that 
were of Angular ufe. It was he it feems who found out 
the fecret of moderating the vibration of the balance by 
means of a fmall ftecl-fpring, which has fincc been made 
ufe of. This difeovery he laid before the members of 
the Academy of Sciences in 1694; and thefe watches 
are, by way of eminence, called pendulum-watcher ,* not 
that they have real pendulums, but becaufe they nearly 
approach to the juft nefs of pendulums. M. Huygens per- 
fefted this happy invention; but having declared himfelf 
the inventor and bbtained a patent for making watches 
with fpiral fprings, the abbe Fcuille oppofed the regis¬ 
tering of it, and publiihed a piece on the fubjeft againft 
Huygens. He died in 1724, at 50 years of age. Be- 
fides the above, * 

He wrote a great many other pieces, moll of which 
are fmall pamphlets, but very curious: as, 1. His Per¬ 
petual Pendulum. 2. New Inventions. 3. The Art 
of Breathing under Water, and the means of preferring 
a Flame /hut up in a Small Place. 4. Refleftions on 
machines for Railing Water. 3. His Opinion on the 
different Sentiments of Mallebranche and Regis, relat¬ 
ing to the Appearance of the Moon when feen in the 
Horizon. 6. The Magnetic Balance. 7. A Placet 
to the king on the Longitude. 8. Letter on the Se¬ 
cret of the Longitude. 9. A New Syftem on the 
Flux and Reflux of the Sea. 10. The means of mak¬ 
ing Senfible Experiments that prove the Motion of the 
Earth: and many other pieces. 

HAYES (Charles, Efq.), a very Angular perfon, 
whofe great erudition was fo concealed by his. modefly, 
that his name isknown to very few, though liis publica¬ 
tion! are' many. He was born in 1678, and died in 1700, 
at 82 years or age. He became diftinguHbed in 1704 
By a Treatife-of Fluxions, in folio, being we believe the 
firft treatife on that fcience ever publiihed in the Enghfli 
'language; and the only w&tk to which he ever let his 
'name. In 1710 came oiit a fmall 410 pamphlet, in 19 
rages, inti tied,, A New and eafy Method'tofmdout the 
'Longitude from obfervlrtg the Altitudes »f tbo CHcftial 


bodies. AHo, in 1723, he publiihed, The M«en, • 
Phiiofophical Dialogue 1 tending to Ihew, that the moan 
is not an opaque body, but has native light of her ows^ 

To a/kill m the Greek and Latin, as well as the 
modem languages, he added the knowledge of the He¬ 
brew : and he publiihed feveral pieces relating to the 
tranflation and chronology of the feriptore*. During 
a long coiyrfe of yean he had the chief management of 
the late African company, being annually ele&ed fub- 
govemor. But on the diffolution of that company in 
17 ; 2, he retired to Down in Kent, where he .gave him¬ 
felf up to fludy 1 from whence however he returned ipt 
1758, to chambers in Gray's-inn, London, where he 
died in 1760, as mentioned above. 

He left a pofthumous work, that was publiihed 
in 8vo, under the title of .Cbronograpfm Afuttica tt 
JEgyptiaea £s tc. 

HEAT, the oppofitc to cold, being a relative term 
denoting the property of fire,, or of thole bodies we de¬ 
nominate hot; being in us a fenlation excited by the 
ad ion of fire. 

Heat, as it exifts in the hot body, or that whichcon* 
ftitutes and denominates a.body hot, and enables it to 
produce fuch effe&s on our organs, is variously confi- 
dered by the pliilolbphers: fome making it a quality# 
others a fubflance, and others only a mechanical affec¬ 
tion. The former principle is laid down by Ariftotle 
and the Peripatetics. While the Epicureans, and other 
corpufcularians, define Heat not as an accident of fire, 
but as an eifential power or property of it, the fame m 
reality with it, and only dtflingut/hei from it ja the 
manner of our conception. So that Heat, on their prin¬ 
ciples, is no other than the volatile fubftance of fire it- 
feif, reduced into atoms, and emitted in a continual 
ft ream from ignited bodies; fo as not only to warm the 
objects within its reach, but alio, if they be inflamma¬ 
ble, to kindle them, turn them into fire, and confpxre 
with them to make flame. In effeft, thefe corpufetes, 
fay they, flying off from the ignited body, conftitute 
fire while yet contained within the fphere of its flame; 
-but when fled, or got beyond tbe fame, and difperfed 
every way, fo as to.efcape the apprehenfion of the eye, 
and only to be perceived by the feeling, they take tbe 
denomination of Heat, inaimuch as they .excite in us 
that fenfation. 

The Cartefians, improving on this do&rine, affert 
that Heat confilis in a certain motion of the infenfibk 

! (articles of a body, refembling the motion by which the 
everal parts of our‘body are agitated by the motion of 
- the heart and blood. 

Our lateft and baft writers of mechanical, experi- 
- mental, and chemical philofophy, differ very conndur- 
• ably about Heat. The chief difference is, whether it 
be a peculiar property of one certain immutable body, 
called fire, or phlogifton, or- electricity; or whether it 
may be. produced mechanically in other bodies# by in¬ 
ducing an alteration in their particles. The former 
tenet, -which is as ancient as Democritus, and the fyf- 
- temof atoms, had given way to that of the Cartefians, 
and other mechanicsj but is now with great addrefs 
retrieved, stud improved on, by feme of the lateft 
writers, particularly Hombcrg, the younger Lemerr, 
Gravefande, Boerhaave to his IcAures on fire, Black, 

< Crawford, and other chemical phQofophen. 
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The tiling called fire, according^ to Bnethaave, is 4 
body fui generis, created filch ab engine, unalterable in 
its nature and properties, and hot either producible de 
novo from any other body, nor capable of being re¬ 
duced into any other body, or of ceafing to be fire. 
This fire, he contends, ia diffufed equably every where, 
and exifts alike, or in equal quantity, in all the part* of 
fpace, whether void, or poifeiTed by bodies | mit that 
naturally, and in itfelf, it i#perfeXly latent tnd imper¬ 
ceptible ; being only difcpvered by certain effeXs which 
it produces,' and which are cognizable by our fenfes. 
Thefe efteXs are Heat, light, colour, rarefaXion, and 
burning, which are all indications of fire, as being none 
df them producible by any other caufe : fo that where- 
ever wC obferve any of thefe, we may 'fafely infer the 
aXion and prefence of fire. But though the effeX can¬ 
not be without the caufe, yet the fire may remain with¬ 
out any of thefe effeXs j any, we mean, graft enough to 
affcX our fenfes, or become objeXs of them : and this, 
lie adds, is the ordinary cafe; there being a concurrence 
of other circumftances, which are often wanting, ne- 
ceflary to the produXibn of fnch fenfible effeXs. 

The mechanical philofophers, particularly Bacon, 
Boyle, and Newton, conceive otherwife of Heat; con- 
fj dering ft not as an original inherent property of any 
particular. fort of body} but as mechanically producible 
m anybody. The former,in an exprefs treatile De Forma 
Calidi, from a particular enumeration of the feveral phe¬ 
nomena and effects of Heat, deduces feveral general pro¬ 
perties of it , and hence he defines Heat, an expanfive un- 
duiatory motion in the minute particles of the body; by 
which they tend,’ with fbmerapidfty, towards the circum- 
ferenoe, and at the fame time incline a little upwards. 

Mr. Boyle, in a Treatife on the Mechanical Origin 
of. Heat and Cold, firongly fupports the doXrine of 
the producibiKty of Heat, with new obfervations and 
experiments; as in the inftance of a fmith brilkly ham¬ 
mering* fmall piece of iron, which, though cold be¬ 
fore, foon-becomes exceedingly hot. 

This fyftem is alfo farther lupported by Newton, who 
does not conceive fire as any particular lpecics of body, 
originally endued with fuch and fuch properties. Fire, 
according to him, is only a body much ignited, that is 
heated hot, ■ fo as to emit light copioufly: what 
effe, fays he, is red-hot iron but fire ? and what elfe 
is a burning charcoal but red-hot wood ? or flame itfelf, 
but red-hot fmoke ? It is certain that flame is only 
the volatile part of the fuel heated red-hot, i. e. fo 
hot as to fhtne ; and hence only fuch bodies as are vo¬ 
latile, that is, fuch as emit a copious fiime, will flame; 
nor will they flame longer than they have fume to burn. 
In diftilling hot {pints, if the head of the ftiU be ttkeji 
off, the afeending vapours will catch fire from a candle, 
and turn into a flame. And in the fame manner feve¬ 
ral bodies, much heated by motion, attrition, fermen¬ 
tation, or the like, will emit lucid fumes, which, if 
they be copious enough, and the beat fufficiently great, 
trill be -flame; and thc*reafbn why fufed metals do 
not flame, is the fmalbefsof their fume; this is evident, 
because fpilter, which fumeamoft copioufly, does like- 
wife flattie. • Add, that all flaming Bodies, as oil, tal¬ 
low, wax, wood, pitch, fuiphur, he, by flaming, wafte 
and vantfh into burning fmoke. And do not all fixed 
bodies, when heated bey ond a certain degree, emit light, 


and fliiae? andis tmt tbU enrifficm perfmtftefl by theifc 
beating motion of their, parts’? and do not all bodies 
Which abound with -terreftrial and fulphurcous party 
emit light as often as thofe parts are fuffipicntly agitat¬ 
ed, whether that agitation be made by external firt^oi* 
by friXion, orpercuffioo, or putrefoXion, tor by any 
other caufe ? Thus, fpa water, in a ftorm j quickfilrcr 
agitated in vacuo { the back of a cat, or the neck of 
a horfe, obliquely rubbed in a dark place} wood, flelh, 
and fifh, while they putrefy ; vapouis from putrefying 
waters, ufuaUy called ignes fatui; flacks qf moift hay or 
corn ; glow-worms; amber and diamonds by' rubbing { 
fragments of fteqj ftruck off with a flint, &c, all emit 
light. Are not grofs bodies and light convertible into 
one another ? and may not bodies receive much of their 
aXivity from the particles of light which enter their 
compofition ? I know no body iefs apt to fliiue than 
water ; and yet water, by frcqucut.difiillations, changes 
into fixed earth, which, by a fufficient Heat, may be 
brought to fltinc like other bodies. 

Add, that the fun and liars, according to Newton's 
conjeXure, ate no other than great earths vchtmeutly 
heated: for lame bodies, he obferves, preferve their 
Heat the longefl, their parts heating one another ; and 
why may not great, dcnic, and fixed bodies, when heated 
beyond a certain degree, emit light fo copioufly, as by 
the emiffion and reaXion of it, and the reflexions and re- 
fraXions of the ray s within the pores, to grow flill hotter, 
tijl they arrive at fuch a period of Heat as is that of the 
fun*? Their parts alfo may be farther preferred from fuai - 
ing away, not only by their fixity, but by the vaft weight 
and denfity of their atmofphercs incumbent on them, 
thus firongly comprefling them, and condcnfing the 
vapours and exhalations arifing from them. Hence we 
fee warm water, in an exhautted receiver, (hall boil as 
vehemently as the hotteft water open to the air; the 
weight of the incumbent atmofphere, in this latter cafe, 
keeping down the vapours, and hindering the ebullition, 
till it nas conceived its utmoft degree of Heat. So 
alfo a mixture of tin and lead, put on a red-hot iron 
in vacuo, emits a fume and flame ; but the fame mix¬ 
ture in the open air, by reafon of the incumbent atmo- 
fpbere, does not emit the lcafi fenfible flame. 

Thus much for the fyftem of the producibility of 
Heat; 

On the other hand, M. Hombcrg, in his Eflai du 
Soufre Principe, holds, that the chemical principle or 
element, fuiphur, which is fuppofed one of the Ample, 
primary, pre-exiftent ingredients of all natural bodies^ 
is real fire; and confequently that fire is co-cval with 
body. Mem. de l’Acad. an. 1705. 

Dr. Gravcfande goes upon much the fame principle. 
According to him, fire enters the compofition of all 
bodies, is contained in all bodies, and may be feparated 
or procured from all bodies, by rubbing tbem againft 
each other, and thus putting their firs in motion. But 
fire, he adds, is by no means generated by fuch motion. 
Elem. Phyf. tom. 2, cap. u Heat, in the hot body, 
he fays, is an. agitation of the parts of the body, 
made by means ©f the fire contained in it j. by fuch 
agitation a motion, is produced in our bodies, which 
excites the idea of Heat in our minds: fo that Heat, 
in refpeX of us, is nothing but that idea, and in the 
hot body nothing but. motion. If fuch motion expel, 
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dieffre iu‘right line*, it may give ns theide* of light i 
if m aTWura* tad hregtdar motion, only of Heat. 

*'*< in * , T» *h* younger,agree* withihefie twoauthori, 
nt netting this abfolute and rngenerable nature of fin} 
!»t he extend* it farther. Not contented with confin- 
,B ? it *• * n element to bodies, he endeavours to (hew, 
that it i* equably diffufed through all fpace | that it is 
prefect in all places, even in the void fpacet between 
the bodies, as well as in the infenfible inter dices be¬ 
tween their parts. And this laff fentiment falls in with 
that of Boerhaavc .above delivered. Mem. del'Acad, 
an. 171.1. 

Philofophers have lately diftinguiftied Heat into 
Abfolute, and Senfible. By Abfolute Heat, or fire, 
they mean that power or element which, when it is 
in a certain degree, excites in animals the fenfation of 
Heat; and by Senfible Heat, the fame power confider- 
ed in its relation to the effe&s which it produces: thus, 
two bodies are faid to have equal quantities of fenfible 
Heat, when they produce equal efic&s upon the mer¬ 
cury in the thermometer; but as bodies of different 
kinds have different capacities for containing Heat, the 
abfolute 1 leat in fuch bodies will be 'different, though 
the fjnfible Heat be the fame. Thus, a pound of water 
and a pound of antimony, of the fame temperature, 
have equal fenfible Heat; but the former contains a 
much greater quantity of abfolute Heat than the latter. 

M. De Luc has evinced, by a variety of experiments, 
that the expanfions of mercury between the freezing 
and boiling points of water, correfpond precifely to the 
quantities of abfolute Heat applied, and that its con¬ 
tractions are proportionable to the diminution of this 
clement within thefe limits.. And from hence it may 
be inferred, that if the mercury were to retain its fluid 
form, its contractions would be proportionable to the 
decrements of the abfolute Heat, though the diminu¬ 
tion were continued to the point of total privation. 
But the comparative quantities of abfolute Heat, which 
are communicated to different bodies, or feparated from 
them, cannot be determined in a direft manner by the 
thermometer. 

Borne philofophers have apprehended that the quan¬ 
tities of abfolute Heat in bodies, are in proportion to 
their dtnfities. While others, as Boerhaave, imagined 
that Heat is equally diffufed through all bodies, the 
denfeft as well as the rareff, and therefore that the quan¬ 
tities of Heat in bodies are in proportion to their bulk 
or magnitude: and, at his defire, Fahrenheit attempted 
to determine the faCt by experiment. For this pur- 
pofe, he took equal quantities of the fame fluid, and 
gave them different degrees of Heat, then upon mixing 
them intimately together, he found that the tempera¬ 
ture of the mixture was a juft medium, or arithmeti¬ 
cal mean, between the two. But if this experiment be 
made with water and mercury, in the fame circum- 
ftances, viz in equal bulks, the refult will be different, as 
the temperature of the mixture will not be a mean between 
the two, but always nearer to that of the water than 
to the quickfilver j Co that, when the water is the hot¬ 
ter, the temperature of the mixture is above the mean, 
and below it when the water is the colder. And from 
experiments of this kind it has been inferred, that the 
comparative quantities of the abfolute Heats of thefe 
fluids, are reciprocally proportional to the changes which 


ans produced in thair fenltble Heats, when they sire 
mixed together at different temperatures: and this fait 
ha*, been publicly taught, for fevcral years, by ••Dr. 
Black, and Dr. Irvine, in the uniyerfitie* of Edinburg)*, 
and Giafcow. This rule however does not apply to* 
thefe fubuances which, in mixture, excite fenfible Heajt 
by chemical aCtion. " 

From the experiments and reafoning employed by 
Dr. Crawford, it more fully appears,,that the quanti¬ 
ties of abfolute Heat in different bodies, are not as their 
denfities; or that equal weights of heterogeneous fub- 
fiances, as air and water, having the Tame temperature* 
may contain unequal quantities of abfolut* Heat; he 
alfo (heW8, that if phlogifton be added to a body, a 
quantity of the abfolute Heat of that body will be ex¬ 
tricated ; and if the phlogifton be feparated again, an 
equal quantity of Heat will be abfurbed. 60 that Heat 
and phlogifton appear to be two oppofite principles in. 
nature. But this ingenious writer has not prefumed 
abfolutcly to decide the queftion that has been long agi¬ 
tated, whether Heat be a fubftance or a quality.— 
He inclines to the former opinion however, and ob- 
ferves, that if we adopt the opinion, that Heat is a dif- 
tinft fubftance, or an element fui generis, the pheno¬ 
mena will be found to admit of a Ample and obvious in¬ 
terpretation, and to be perfedtly agreeable to the ana¬ 
logy of nature. See Crawford's Experiments and Ob- 
fer vat ions on Animal Heat and the Inflammation of 
Combuftible Bodies. 

diurnal Heat. The Heat of animals is very vari¬ 
ous, both according to the variety of their kinds, and 
the difference of the feafons: accordingly, zoologifta 
have divided them into hot and cold blooded, reckoning 
thofe to be hot that are near or above our own tempera¬ 
ture, and all others cold whofe Heat is below out s, and 
confcquently affeft us with the fienfe of cold; thus 
making the human fpeeies a medium between the hot 
and cold blooded animals, or at lealt the lowoft order 
of the hot blooded. , , ■ 

The Heat of the human body, in its natural (fate,, 
according to Dr. Boerliaave, is fuch as to raife the 
mercury in the thermometer to 9:° or at rood to 94°; 
and Dr. Pitcairn makes the heat oft lie human (kin the 
fame. Indeed it is evident that different parts of the 
human body, and its different ftatea, -as well as the dif¬ 
ferent feafons, will make it ihew of different tempera¬ 
tures. Thus, by various experiments at different times, 
the Heat of the human body is made various by the 
following authors: 

Boerhaave and Pitcairn - - 9 a 0 

Amontons - 9 *» 9 ** or 

Sir Ifaac Newton - - 95 r 

Fahrenheit and Muffehcnbroek,the blood, 96 . 
Dr. Martine, the (kin - - 97 or 9I 

.. , the urine - • 99 

Dr. Hales, the flein * - 97 

the urine - » 103 

Mr. John Hunter, under his tongue, 97 

.., in his redtum - 98 J 

... ... , his urethra at 1 inch, 9a 

at 2 inches, 93 
at 4 inches, _ _ 94 


the ball of the thermom. at the bulb \ 
of the urethra - - 


Ter 
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• For tbe»ewer» of aninuds to bq*r various degrees of 
Heat, fee the Philnf. Tranf. voL 65, €&, 4 c. 

There is hardly my fubjed of phdofophical isvefti- 

S don that hi* a Horded a greater variety of hypothe- 
, conje&ures, and experiments, than the cattfe of ani¬ 
mal Heat. The firft opinion which has very generally 
obtained, is, that the Heat of animal;bpdiea if owing 
to the attrition b ttween the arteries and the blood. Ail 
the obfervations and reafoniqg brought in favour of 
this opinion however, only (hew that .the Heat and the 
motion of the arteries are generally proportional to each 
other; without (hewing which is the caufe, and which 
the cfk &.; or indeed that either is the caufe or effe& 
of the other, fince both may be the efie&s of fume other 
caufe. 

Dr. Douglas, in his Eflay on thc Gencration of Heat 
in animals, adcribes it folely to the fri&ion of the globules 
of blood in their circulation through the capillary vef- 
Jels. 

Another opinion is, that the lungs are the fountain 
of Heat in the human body: and this opinion is fup- 
ported by much the fame fort of arguments as the for¬ 
mer, and feemingly to little better purpofe. 

A third opinion is, that the' caufe of animal Heat is 
owing to the action of the folid parts upon one another. 
And as the heart and arteries move mod, it has been 
thought natural to expeft that the Heat fhonld be ow- 
ing to this motion. But even this does not feem very 
plaufible, from the following confiderations: 1 ft. The 
moving parts, however we term them folid, are neither 
hard nor day $ which two conditions are abfolutely re¬ 
quisite to make them fit to generate Heat by attri* 
tion. 2d, None of their motions are fwift enough to 
promife Heat in this way. 3d, They have but little 
change of furfscc in their attritions. And 4thly, The 
moveable fibres have fat, mucilage, or liquors everyway 
furrounding them, to prevent their being deftroyed, or 
heated by attrition. 

A fourth caufe ailigned for the Heat of our bodies, 
i« that procefs by which our aliment and fluids are per¬ 
petually undergoing fomc alteration. And this opinion 
is chiefly fupported by Dr. Stevenfon, in the Edinburgh 
Medical Eflays, voL 5, art. 77. 

The late ingenious Dr. Franklin inclines to this opi¬ 
nion, when he fays, that the fluid fire, as well as the 
fluid air, is attracted b j plants in tbeir-growth, and 
becomes confolidatcd with the other materials of which 
they are formed, and makes a great part of their fub- 
itance; that when they come to be digefted, and to 
undergo a kind of fermentation in the veflVls, part of 
the me, as<well as part of the air, recovers its fluid ac¬ 
tive (late again, and diifufes itfelf on the body digeftjag 
and feparating it; &c. Ex per. and Obf. on Elc&rici- 

Mortimer thinks the Heat of animals explica¬ 
ble from the phofphorus and air they contain. Phof- 

S horus exifta, at lead: in a dormant Hate, in animal 
uids; and it is al(b tonpwrt that they all contain air 1 
it- Ja therefore only nccefisry to bring the phnfphorcal 
and acreal particles into contaft,m> d H e at miift jai cqn- 
fequence be generated; and were it not for the quantity 
of aqueous humours in animals, fatal accenfions would 
frequently happen. Philof. Traftf/nUmbe^yfi. 

Dr. Slack fuppofes, that aok urf . Heat it generated 


altogether m the hpigfc bf the udion <?f the 4 ?r dn the 
principle of i n fla mm ao gty, , fad is theme difufedovef 
the reft of the body by means of the circulation. Sut 
Dr. Leflie urges feveral iuguments agaiufi thiR hypotbe- 
lit, tending to (hew that ft is repugnant to the known 
laws of the animal machine ; and ne advances another 
bypothefu inftcad of.it, viz, that the fubtle principle by 
chemifts termed phlogifton, which enters, into the com* 
pofition of natural bodies, is i a confrq lienee of the aflrion 
of the vafcular fyftexn ‘gradually evolved through every 



acknowledges, _ _ __ 

Edinburgh; and that Something flmuar to it is to be 
found in Dr. Franklin's works, and in a paper of Dr. 
Mortimer's In the Philof. Tranf. 

The laft bypothefu we. (hall mention, is the very 
plaufible one of Dr. Crawford, lately publiftied in his Ex¬ 
periments and Obfervations. on Animal Heat. This in¬ 
genious gentleman has inferred, from a variety of expe¬ 
riments, that Heat and phlogifton, fo far from being 
connected, as moft philofophers have imagined, aft in 
fomc meafure j» oppofition to each other. By the 
aftion of Heat on bodies, the force of their attraction of 
phlogifton is dimtniihed, and by the aftion of phlogifton, 
a part of their absolute Heat is expelled. He has alfo de- 
mon ft rated, that atmofpherical air contains a greater 
quantity of abfolute Heat than the air which is expired 
from the lungs of animals: he makes the proportion 
of the abfolute Heat of atmofpherical air to that of fixed 
air, as 67 to 1 ; and the Heat of dcphlogifticated air to 
that of atmofpherical air at 4*6 to 1; and obferving 
that Dr. Prieitley has proved, that the power of this 
dephlogifticatcd air in Supporting animal life, is j times 
as great as that of atmafphencal air, he concludes 
that the quantity of abfolute Heat contained in any 
kind of air fit for refpiration, is very nearly in propor¬ 
tion to its purity, or to its power of fupporting animal 
life; and fince the air exhaled by refpiration, is found 
to contain only the 67th part of the Heat which was 
contained in the atmofpherical air, previous to infpira- 
tion, it is very reafonably inferred, that the latter mult 
ncceflarily depofit a very great proportion of its abfolute 
Heat in the lungs. Dr. Crawford has alfo (hewn, that 
the blood which pafles from the lungs to the heart, by 
the pulmonary vein, contains more abfolute Heat than 
that which pafles from the heart to the lungs, by the 
pulmonary arteryj the-abfolute Heat of florid arterial 
blood being to that of venous blood, as 11 £ to 10: 
therefore, unce the blood which is returned by the pul¬ 
monary vein to the heart baa the quantity of its ab¬ 
folute Heat increaisd, it ipuft have acquired this Heat 
in its psflage through the lungs t fo that in the procefs 
of refpiration a quantity of abfolute Heat is Separated 
from the air, and abforfcd by the blood. Dr. Prieft- 
lcy has aHo proved, that in respiration, phlogifton is Se¬ 
parated from the’blood, and cumbiaed with air. 

This theory however; bus been oontefted and difput- 
ed, and, it has beendaid, Dr. Cranford’s experiments 
repealed, with contrary -roftdt*. Though no regular 
, and dyftemetkal theory ho* yet ■ been fonned in it* 

»Hs*v iCemhjfilMi dad Iqflammmki* JSadnu. Dr. 
&fMrfocd’« theory with refgcft to the inflammalion of 

com- 
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cwebaftiWe^ bodies, is founded PH the fame principles * 
a« hl» dodrine Concerning the Heat of animalf. Ac. 
cording to him, the Heat which i« produced fey com- 
bullion, i> derived from the air, and not from the inflam¬ 
mable body. Inflammable bodies, .he {ays, abound with 
phlogi&oft, and contain little abfolute Heat: the atmo¬ 
sphere, oa the contrary, abounds with abfolute Heat, and 
contains little phloginon. «In the procefs ,of inflamma¬ 
tion, the phlogifton is Crpsrated from the inflammable 
body, and combined with the air; the air is phlogifti- 
ented, and gives off a great proportion of to abfolute 
, Heat, which, when extricated fuddenly, burfts forth in¬ 
to* flame, and produces an intenfe degree of fenfible 
Heat. And fince it appears by calculation, that the 
Heat produced by converting atmofpherical into fixed 
sur, is fuch, if it Were not diflipati d, as would be fuffi- 
cient to raife the air fo changed, to more than xa times 
the Heat of red-hot iron, it follows, that in the procefs 
of inflammation a very great quantity of Heat it derived 
from the air. But, on the -contrary, no part of the 
Heat can be derived from the combuftible body; be- 
caufe this body, during the inflammation, being de¬ 
prived of its phlogifton, undergoes a change fimilar to 
that of the blood by the) procefs of refpiration, in con- 
fequence of which its capacity of containing Heat is 
increafed $ and therefore it will not giye off any part 
of its abfolute Heat, but, like the blood in its panage 
through the lungs, it will abforb Heat. 

A fimilar theory of Heat has lately been publilh'ed 
by Mr. Elliot. See his Philofophical Observations on 
the fenfes of Viflon and Hearing; to which is added an 
Effay on Combuftion and Animal Heat. 8vo, 1780. 

Heat, in Geography , is that which relates to the 
eaith. There is a great variety in the Heat of differ¬ 
ent places and feafons. Naturalifts have commonly laid 
it down, that the nearer any place is to the centre of 
the earth, the hotter it is found; but this does not 
hold llridly true. And if it were, the effed might be 
otherwife accounted for, and more fatisfa&orily, than 
from their imagined central fire. 

Mr. Boyle, who had been at the bottom of fome 
mines liimfelf, with more probability fufpeds that this 
degree of Heat, at lcaft in fome of them, may arife 
from the peculiar nature of the minerals there produ¬ 
ced. And be inftanccs a mineral of the vitriolic kind, 
dug up in large quantities, in feveral parts of England, 
which, by the bare effufion of common water, willgrow 
fo hot as almoit to take fire. To which may be add¬ 
ed, that fuch places, in the bowels of the earth, ufually 
foci hot, from the confined and ftagnant ftate of the 
air in them, in which the heat is retained, through 
the want of a current or change of air to carry the 
Heat off. . 

On the other hand, on.amending high mountains, the 
air grows more and more cold and piercing. Thus,, 
the tops of the Pike of Teneriffe, the Alps, and feveral 
other mountains, even in the moft fultry countries, are 
found always invefted withfoow and ice, which the Heat 
it never fufficicnt to thaw. In fome of the mountains- 
of Peru there is no fuch thing as running water, but 
all ice i plants vegetate a little about the bottom of the 
mountains, but near the top no vegetable can live, for 
the intenfenefi of the cold. This d&ft isattributtd to • 


the thuraefs of tbe air, and the little furja«*«fthe 
earth there » to refled the rays, as well as the area* 
diftance of the general furface of the earth which re- 
fledsthe rays back iutotllc atmofphere.. ... 

As to the direrfity in the Heat of different dime* 
and feafons, it arifes from lbs different angles under 
which the fun’s Ays ftrike upon the furface of the 
earth. In the PhiloC. TranC Abr. vol. a, p. 165, Dr* 
Halley has give* a computation of this bleat, on the 
principle, that the Ample adton of the fun’s rays, like 
other impulses or ftrokes, is more or lets forcible, ac¬ 
cording to the fines of the angles of incidence, or to 
the fines of the .fun’s altitudes, at different times or 
places. 

Hence it follows, that, the time of continuance, or 
the fun’s fltining on any place, being takes! for a bafis, 
and the fines 01the fun’s altitudes perpendiculariy .erec¬ 
ted upon it, and a curve line drawn through the extremi¬ 
ties of thofe perpendiculars, the area'thus comprehend¬ 
ed will be proportional to the collodion of all the Heat, 
of the fun’s beams in that {pace of time. 

Hence it will likewife follow, that-at the pole, the 
colle&ion of all the Heat of a tropical day, is propor¬ 
tional to the redangle or produd of the fine of 23^ de¬ 
grees into 24 hours, or the circumference of. a circle, or 
as iV > nto >2 hours, the fine of 234 degrees being 
nearly T ^j- of radius. Or the polarlieat will be equal < 
to that of the fun continuing 1 a hours above the hori¬ 
zon at 53 degrees height; and the fun is not 5 hours.. 
more elevated than this under the equinodiaL 

But as it is the nature of Heat to remain in the 
fubjed, after the luminary is removed, and particularly 
ia the air, under the equinodial the 12 hours abfence ■ 
of the fun abates but little from the effed of his Heat 
in the day; but under the pole, the long abfcnce of 
the fun for 6 months has fo chilled the air,.that it is in- 
a manner frozen, and after the fun has rifen upon the 
pole again, it is long before his beams can make any 
lmpreiuon,. being obftruded by thick clouds and fogs. 

From tne foregoing principle Dr. Halley computes 
the following tabic, exhibiting the Heat to every xoth. 
degree of latitude, for the equinodial and tropical fun,, 
ana from which an eftimate may tafily be made for. 
the intermediate degrees. 


Lat. 

Sign that the Sun it in. 


•V* or *y 

ffi 

V? 

0 

20000 

18341 

18341 

10 

I9696 

20290 

25834 

20 

18794 

21737 

13166 

30 

I732I 

22651 

10124 

40 

1532« 

23048 

6944 

50 

12«55 

22991 

3798 

60 

IOOOO 

2*773' 

1075 

1 ° 

6840 

*3543 

O 

80 

3473 

24&73 

0 

90 

0 

25055 

0 


fiota the fiune principles, and table, alfo arc deduced’'' 
thtfoflowing corollaries, vi*i * 

s,That 
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x, Thjt Ac equatorial Heat, when the fun becomes 
vertical, is as twice the fquare of the radius.—a, That 
at the equator the Heat is as the fine of the Aral's 
declination.—3, That in the frigid zones, when the fun 
lets not, the Heat is as the circumference of a circle in¬ 
to the fine of the altitude at 6: And consequently 
that in the fame latitude, thefe aggregates of Heat are 
as the fines of the fun's declination ; and at the fame 
declination of the fun, they are as the fines of the lati¬ 
tudes f and generally they are as the fines of the la¬ 
titudes into the fines or declination.—4, That the 
equatorial day’s Heat-is everywhere as the cofine of 
the latitude.—-5, In aU places where the fun fets, 
the difference between the fummer and winter Heats, 
when the declinations are contrary, is equal to a circle 
into the fine of the /iltitude at 6, in the fummer pa¬ 
rallel ; and consequently thofe differences are as the 
redangles of the fines of the latitude and declination. 
-—6, The tropical fun has the lead force of any at the 
equator; and at the pole it is greateft of all. 

Many objections have been urged againft this theory 
of Dr. Halley. Some have ohje&ed, that the effeft of 
the fun’s Heat is not in the fimple, but in the duplicate 
ratio of the fines of the angles of incidence j like the 
law of the impulfe of fluids. And indeed, the quantity 
of the fun’s dired rays received at any place, being 
evidently as the fine, of the angle of incidence, or of the 
fun's altitude, if the Heat be alfo proportional to thd 
force with which a ray firikes, like the mechanical ac¬ 
tion or impulfe of any body, then it will follow that the 
Heat muft be in the compound ratio of both, that is, 
as the fqnare of the fine of the fun’s altitude. But this 
lall principle is here only afl'umed gratis, as we do not 
know a priori that the Heat is proportional to the 
force «f a finking body; and it is only experiment that 
can determine this point. 

It is certain that Heat communicated by the fun to 
bodies on the earth, depends alfo much Upon other cir- 
cumdances befide the dired force of his rays. Thefe mud 
he modified by our atmofpherc, and varioufly refleded 
and combined by the adion of the earth’s furface itfelf, 
to produce any remarkable effects of Heat. So that if it 
were not for.thefcjadditional circumdances, it is probable 
the naked Heat of the fun would not be very fenfible. 

Dr. Halley himfdf was well apprifed, that many other 
circumdances, befules the dired force of the fun’s 
rays, contributed to augment or diminiih the effed of 
this, and the Heat refuiting from it, in different cli¬ 
mates} and therefore no calculation, formed on the 
preceding theory, can be fuppofed to correfpond exadly 
with observation and experiment. It has alfo been 
objeded that, according to the foregoing theory, the 
greeted Heat ift the fame place fliould be at the fummer 
loldice, and the mod extreme cold at the winter foldice; 
which is contrary to experience. To this objedion it 
maybe replied, that Heat is not produced in bodies 
by the Am indantaneoufly, nor do the effeds of his 
Heat ceafe .immediately when his rays are withdrawn } 
and therefore thofe parts which are once heated, retain 
the Heat for’fome time; which, with the additional 
Heat daily imparted, makes it continue to increafe,' 
though the fun declines from ub : and this is the rca- 
fofi why July is hotter than June, although the fun has 
5 


'withdrawn from the fummer tropic t as we alfo find it 
is generally hotter at one, tWo, or three in the after¬ 
noon, when the fun bps declined towards the wed, than 
at noon, when he is on the meridiarn As long as 
the heating particles, , which are condantly racerved, 
are more numerous than thofe which fly away or lofc 
their force, the Heat df bodies muft continually in¬ 
creafe. So, after the fen has left the tropic, the num¬ 
ber of particles, which Heat our atmofpherc and earth, 
condantly increafes, becaufe we receive more in the 
day than we lofe-at night, and therefore our Heat muft 
alfo increafe. But as the days decreafe again, and the 
adion of the fun becomes weaker, more particles will 
fly off in the night tipte than are received in the day, 
by which means the earth and air will gradually cool. 
Farther, thofe places which are well cooled, require 
time to be heated again; and therefore January is 
madly colder than December, although the fun has 
withdrawn from the winter tropic, and begun to emit 
his rays more perpendicularly upon us. 

But the chief caufc of the difference between the 
Heat of fummer and winter is, that in fummer the rays 
fall more perpendicularly, and pafs through a lefs denfe 
part of the atmofphere; and therefore with greater 
force, or at lead in greater number in the fame place: 
and befides, by their long continuance, a much greater 
degree of Heat is imparted by day than can fly off 
by night. 

For the talculattohs and opinions of feveral other 
philofophers on this head, fee Keill’a A (Iron. Led. 8 ; 
l'Vrgufon’s Adron.chap. 10; Long’s Afiron, § 777 ; 
Memo. Acad. Scienc. 1719* 

* As to the temperature or Heat of our atmofphere, 
it may be dbferved that the mercury feldom falls under 
16° in Fahrenheit’s thermometer; but we are apt to 
reckon it very cold at 2 4 0 , and it continues coldifh to 
40° and a little above. However, fuch colds have been 
often known as bring it down to c°, the beginning of 
the fcale,or nearly the cold produced by a mixture of 
fnow and fait, often near it, and in fome places be¬ 
low it. Thus, the degree of the thermometer has been 
obferved at various times and places as follows: 


Places 

Latit. 

Year 

Thermom. 

Penfylvania * 

4c 0 O' 

*732 

5 ° 

Paris 

48 JO 

1709 ft 1710 

8 

Leyden 

C2 IO 

1729 

5 

Utrecht 

52 8 


4 

London 

5 * 3 * 

1709ft 1710 

0 

Copenhagen 

55 43 

*709 

0 

Upfal 

59 56 

* 73 * 

— 1 

Peterfburg 

59 


-28 

Tomeo 

65 ft 

'l¥>-7 

-33 

Hudfon’s Bay 

S* *4 

>775 

-37 


The middle temperature of our atmofphere is about 
48“, being' nearly a medium of all the leafont. The 
French make it fomewhat higher, reckoning it eqnal 
to the cave of their royal obfervatory, or 53 0 . In cold 
countries; the air is found ogteeable enough to the in¬ 
habitants while it is between 40 and 50°. In our cli¬ 
mate we are beft pleafed with the hut of the air front 
to 6o°; while in the hot countries the air is gene 
y at a medium about 70*. With us, the air is not 

reckoned 
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reckoned warm tiH it arrives at about 64% and it is 
very warm and fultry at 8cA It is to be noted that 
the foregoing observations are to be underftoodof the 
ftate of the air in the (hade ; for as to the Heat of bo¬ 
dies a&ed upon by the direft rays of the fun, it is 
much greater: thus, Dr. Martine found dry earth 
heated to above X20 6 ; but Dr. Hales found a very hot 
fun-fltine Heat in 1727 to.be about 140°; and Muff- 
cnenbrock once obferved it fo high as 150°; but a\ 
Montpelier the fun was fo very hot, on one day in the 
year 1705, as to raifeM. A montons’s thermometer to 
the mark of boiling water itfelf, which is our 312®. 

It appears from tne regifter of the thermometer kept 
at London by Dr. Heberdcn for 9 years, viz, from the 
end of 1763 to the end of 1772, that the mean Heat at 
g in the morning was 47°*4 » and by another regifter 
kept at Hawkhill, near Edinburgh, that the mean Heat 
in that place, during the- fame period of time, was 46°. 
Alfo by regifters kept in London and at Hawkhiil, for 
the three years 1772, 1773, 1774, it appears, that the 
mean Heat of thefe three years in London, at 8 in the 
morning, was 48°*5, and at 2 in the afternoon 56°, but 
the mean of both morning and afternoon 5 a 0- 2 ; while 
the mean Heat at Hawkhill for the fame time, 

at 8 in the morning was 4S°'4 

and at 2 in the afternoon $0 *1 

and the mean ofboth 47 *7. 


The mean Heat of fprings near Edinburgh feems to 
be 47°, and at London $1°. Philof. Tranf. vol. 65, 
art. 44. • 

Laftly, from the mCteorologicaljournals of the Royal 
Society, publiflied in the Philof. Tranf. it appears that 
the mean heights of the thermometer, for the whole 
years, kept without and within the houfe, are as below: 


Therm. Without 

For 2775 S l ‘S 

1776 ji’i 

1777 51-0 

1778 52° 


Therm. Within 

. 5**7 
5**9 
53 "° 

53 " r 


mean of all 51*4 


5**9 


HEAVEN, an azure tranfparcnt orb in veiling our 
earth, where the eeleftial bodies perform their motions. 
It is of divers denominations, as the higheft or empy¬ 
rean Heaven, the etherial or ftarry Heaven, the pla¬ 
netary Heaven, &c. 

Formerly the Heavens were coniidered as folid fob- 
fiances, or elfe as fpaces full of folid matter; but New¬ 
ton has abundantly (hewn that the Heavens are void 
of almoil all refi (lance, and confcquently of almoft all 
matter: this he proves from the phenomena of the ee¬ 
leftial bodies; from the planets perfifting in their mo¬ 
tions, without any fenfible diminution of their velocity; 
and the comets freely pafling in all directions towards 
‘all parts of the Heavens. 

Heaven, taken in this general fenfe, or the whole 
expanfe between our earth add the remoteft regions of 
the fixed flare, may be divided' into two very unequal 
parts, according to the matter occupying them; viz, 
the atmofphcre or aereal Heaven, pofleffed by air; and 
the ethereal Heaven, poffcffcdby a thin and unrefitting 
^medium, called ether. 

Vou 1 . 


Hiaven is more particularly uf«d» in Aftroaomy,, 
for ap orb, or circular region, of the ethereal Heaven. . 

The ar icient aftronomecs affumed as many different 
Heavens as tfiey obferved different eeleftial motions. 
All thefe they made folid, thinking they could not 
otherwife fuftain the bodies fixed in them ; and of a 
fpberical form, as being the moft proper for motion. 
Thus they had feven Heavens for the (even planets ; 
viz, the Heavens of the Moon, Mercury, Venus, the 
Sun, Mars, Jupiter, and Saturn. The Sth was for 
the fixed ftars, which they particularly called the firma¬ 
ment. Ptolomy added a 9th Heaven, which he called 
the primum mobile. After him two cryftalUnc Hea¬ 
vens were added by king Alphonfus, &c, to account 
for fome irregularities in .the motions of the other Hea¬ 
vens. And laftly an empyrean Heaven was drawn over 
the whole for the rcfidence of the Deity ; which made 
the number 12. 

But others admitted many other Heavens, according 
as their different views and hypothefes required. Eu¬ 
doxus fuppofed 23, Calippus 30, Regiomontanus 33, 
Ariftotle 47, and Fracaftor no lefs than 7a 

The aftronomers however did not much concent 
themfelves whether the Heavens they thus allowed, 
were real or not; provided they ferved a purpofe in 
accounting for any of the eeleftial motions, and agreed 
with the phenomena. 

HEAVINESS, the fame as Gravity, which fee. 

Heavy bodies do not tend precjfcly to the very cen* 
tre of the earth, except at the poles, and the equator, 
on account of the fpheroidal figure of the earth ; tlieir 
diredion being every where perpendicular to the furface 
of the fpheroid. 

HEGIRA, a term in Chronology, fignifying the 
epoch, or account of time, ufed by the Mahomedans, 
who begin their computation from the day that Ma¬ 
homet was forced to make his efcape from the city of 
Mecca, which happened on Friday the 16th of July 622.. 

The years of the Hegira are lunar ones, confiding 
only of 354 days. Hence, to reduce thefe yean to the 
Julian calendar, that is, 10 find what Julian year a given 
year of the Hegira anfwers to : reduce the year of the 
Hegira into days, by multipiping by 354, divide the 
produft by 365-J, and to the quotient ad cl, 622, the 
year the Hegira commenced. 

HEIGHT, the third dimenfion of a body, confider- 
cd with regard to its elevation above the ground. 

Height, of a figure, the fame as its altitude, being 
the perpendicular from its Vertex to the bafe. 

Height of the Pule, &c. See Altitude of the 
Pole, & c. 

HELIACAL, fomething relating to the fun. Thus, 

Heliacal Rjjing, of a liar or planet, is when it rife* 
with, or at the lame time, as the fun. And Heliacal 
fetting, the fame as the fetting with the fun. 

Or, a liar rifes Heliacally, when, after it has been 
in conjunction with the fun, and fo inviiible, it gets at 
fuch a dsftancc from jiim as to he feen in the morning 
before the fun’s rifing. And it is faid to fet Heliacally, 
when it approaches fo near the fun as to bo hid by his 
beams. So that, in flri&nde, the Heliacal rifmg and 
fetting are only an apparition and occultation. 

HELICE Major aud Minor ; the fame as Urfa Ma¬ 
jor and Minor. 

4 G HELICOID 
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KELf66t® iWdfafo*of the Pary^Re Spiral, is a 
curve nilk% flfort tJhc J fl^j^nion IStt&toe common cit 
Apoltemimn parabola m bentor twitted, tttl the axis come 
into the pewphtry of a circle, the Ordirtatx'g ftill retain¬ 
ing their jfeoes and perpendicular pofitions with refped 
to the circle, ail thefc fines ftill remaining in the lame 
plane, Thus, the axis of a parabola being bent into 
the dreumfertnee BCDM, ana the ordinates CF, DG, 
&c, ftifi p erpendicular to it, then the parabola itfdf, 
palling through the extremifiet of the ordinates, is 
twitted into the curve BFG, dec, called the Helicoid, or 
Parabolic Spiral 



Hence aB the ordinates CF, DG, &c, tend to the 
centre of the circle, being perpendicular to the circum¬ 
ference 

Alfo, the equation of the curve remains tlie fame as 
when it was a parabola; via, putting x ss any circu¬ 
lar abfeifs BC, and v = CF the correfponding ordinate, 
then is/# —J*, where p is the parameter of the para¬ 
bola. 

HELIOCENTRIC Plate of a Planet, is the place 
in which a planet would appear to be when viewed from 
the fun j or the point of the ecliptic, in which a planet 
viewed - from the fun would appear to be. And there¬ 
fore the Heliocentric place coincides with the longi¬ 
tude of a planet viewed from the fun. 

Heliocentric Latitude of a Planet, is the inclina¬ 
tion of the line drawn between the centre of the fun and 
the centre qf a planet, tp the plane of the ecliptic. The 
greateft Heliocentric Latitude is equal to the inclina¬ 
tion of the planet’s orbit to the plane of the ecliptic. 

HELIOCOMETES, Comet of the Sun, a phe¬ 
nomenon fometimes obferved at the fetting of the fun ; 
thus denominated by Sturmlus and Pyien, who had 
feen it, bccaufe it Teems to make a comet pf the fun, 
being a large tail, or column of light, fixed or hung to 
that luminary, and dragging‘after it, at ita fetting. Tike 
the tail of a comet. 

HELIOMETER, or A barometer; an inftrument 
for meafuring, with particular exa&nefs, the diameters 
-of the fun, moon, and ftars. 

This] inftrument was iavented by M. Bougner in. 
1747, and is a kind of tclefcope, confiding of two ob- 
jeft glafles of equal focal dittance, placid by the fide 
of each other, fo that the fame eye-glafs ferves for both. 
The tube of this inftrument is of a conical form, larger 
at the upper end, which receives the two objcft-glafTet, 
than at the lower, which is fnrniflted with an eye-glafs 
and micrometer. By the conflru&ion of this inftrument, 


two diftlnft image* of in are fbwired fn tfce fbna 

of the eye-glafs, wbdffc di“ince, depending on that of 
the two obje&-giaiic$ f?om one another, may be mes- 
fured with gremraccuracy. Mem. Acad. Sci. 174ft, 

Mr. Servmgtda* Silvery. tfi&ovtred a fitnilar method 
of improving uie micrometer, which whs communicated 
to the Royal Society hr 1743. 

HELIOSCOPE, a' km<T of telefkope peculiarly 
adapted for viewing and observing the fun without 
hurting the eye. 

There are various kinds of this inftrument, ufulHjr 
made by employing coloured glafs for the obje& or eye- 
glafs, or both ; and fometimes only ufing an eye-glafs 
blacked by holding it over the fmokc or flame of a 
lamp or candle, which is Huygens’s way.—See Dt* 
Hooke's treatife on Heliofcopes. 

HELIOSTATA, an inftrument invented by Dr. 
Gravefande, and fo called from its property of fixing 
the fun-beam in one pufition, viz, in a horizontal direc¬ 
tion acrofs the dark chamber while it is ufed. See 
Gravefande’s Phyfices Element. Mathematics, tom. 2, 
p. 715 ed. 3tia 1742, for an account of the principles, 
conftruftion and ufe of this inftrument. 

HELISPHERICAL Line, is the Rhumb-line in 
Navigation ; being fo called, becaufe on the globe it 
winds round the pole helically or fpirally, coming ftill 
nearer and nearer to it. 

HELIX, a Spiral line. See Spiral. 

HEMISPHERE, the half of a Inhere or globe, 
when divided in two by a plane pafung through its 
centre. 

Hemifpliere is alfo ufod for a map or projc&ion of 
half the terreftrial globe, or of half the celeftial fphera, 
on a plane; being more frequently called a plani- 
fphere. 

The centre of gravity of a Hemifpliere, is five-eighths 
of the radius diftant from die vertex. 

A glafs Hcmifphere unites the parallel rays at the 
diftance of four-thirds of a diameter from the pole of 
the glafs. 

HfcMITONE, in Muf.c, a half note. 

HENDECAGON, a figure of eleven fides, or the 
Endecagon; which fee. 

HENiOCHAS, or Heniochus, a northern conftel- 
Iation, the fame as Auriga, which fee. 

HEPTAGON, in Geometry, a figure of feven fides 
and feven angles.—-When thoie fides and angles are all 
equal, the Heptagon is faid to be regular, otherwife it is 
irregular. 

In a regular Heptagon, the 
angle Cat the centre is =3 5 i°|, 
the angle DAB of the poly¬ 
gon is = 128*1, and its half 
CAB — 64°$. Alfo the area 
is as the fquare of the fide 
AB* x 3-6339124 or sss 
AB* X & t, where t is the tan¬ 
gent of the angle CAB' of 
64°$ to the radius L ; or / is 
the root of the equation ; 

_ zbt™ + 143/*—24 5/* -f 1 4 jt* — a6/» *+• 1 saojor 

,—*/‘ +M — 1 + ^ 1 ~ y* _ y . 

where 
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whecp the vaUie-ofr end y arethc root* of (the equation* 

** —'4 a 4 + J* 1 

i* == ^ i)» 4 + Jj' 1 — ^ o. . 4 . 

See-my Menfuration, p. zj, H4,andu6, zd edition.. 
Heptagon, in Fortification, a place fortified or 
llrengthcned with feven bullions for its defence. 

Heptagon at. Number/, are a kind of polygonal 
numbers in which the difference of the terms or the cor- 
nefponding -arithmetical progrellion is 5. Thus, 
Arithmeticals, 1, 6, it, 16, 21, 26, &c« 

Heptagonals, 1, 7, t8, 34, 55, St, &c- 

where the Heptagouals are formed by adding continu¬ 
ally the .terms of the arithmeticals, above them, wliofc 
common difference is f. 

One property, among many others, of tlufc Hcptago- 
nal numbers is, that if any one of them be multiplied by 
40, and to the product add 9, the fum will be a fquare 
number. 

Thus 1 X 40 + 9 = 49 = ?" I 

and 7 X 40 + 9 = 289 = 17* ; 

aud 18 x 40 + 9 — 729 = 2 7 * 5 

and 34 X 40 4 - 9 = 1369 = 37*5 

Where it is remarkable that the, fenes of fquares To 
formed is 7*, 17 1 . * >'• 37*» &c » the common differ¬ 
ence of whole roots is 10, the double of the common 
difference of the arithmetical feties from which the 
Hcptagonals are formed.—See Polygon als. 

HEPPANGULAR Figure, in Geometry, is one 
T ha r has feven angles ; and therefore alfo feven fides. 

HERCULES, jnAftronomy, a conftellation 1>f the 
northern hemifphere, and one of the 48 old con (folia¬ 
tions mentioned by ancient writers. 

It is not known by what name it was diftingujfhcd 
by the Egyptians and others before the Greeks. Thefe 
latter, perhaps not knowing its real name, firft called it 
{imply the kneeling man, bccaufe he is drawn in thac 
pofture ; but they afterwards fucceffivcly aferibed it to, 
and called it by the na*mes of, Cetheiis, Thefeus, and 
lafUy Hercules, which it ftili retains. 

The ftars in this conftellation, in Ptolomy’s cata¬ 
logue, are 29 ; in Tycho’s 28 ; and in the Britannic 

catalogue, 113. ... 

HERISSON, in Fortification, a beam armed with 
iron fpikes, having their points turned outward. It is 
fupported in the middle by a (take, having a pivot on 
which it turns ; and ferves as a barrier to block up a 
paffage. —Hcrifibn# arc frequently placed before gates, 
efpccially the pofterns of a town or fortrefs, to fecure 
thofe paflages which muft of neceffity be often opened. 

HERMANN (James), a learned mathematician of 
the Academy of Berlin, and member of the Acade¬ 
my of Sciences at Paris, was born at Bafil m 1678. He 
was a great traveller; and for 6 years was profeffor of 
mathematics at Padua. He afterwards went to RuMia, 
being invited thither by the Czar in 1724, as well as his 
compatriot Daniel Bernoulli. On his return to his na- 
live country, lie was appointed profeflor of morality and 
natural law at Bafil; where he died in 1733, at 55 

^ C He° wrote feveral mathematical and philofophical 
pieces, in the Memoirs of different Academies, and elfe- 
where; but his principal work, is the Pboronm/a,or two 
Books on the Forces and Motions of both Solid and 
JFluid bodies 5 410, 17161a very learned work on the 
new mathematical phyfies. 


ar HuftisATtcAt ^ ttamugwi 
to chaniftry, 004 foppofitioe -that Hermes Trifofogif- 
tus unis its inventor. 

HERMETiCAL Pbilofopby, is that which under¬ 
takes to folvc and explain alt the phenomena of natufo, 
from the three chemical pria^ipfos, fait, fulphur, and 
mercury.-—A confiqerbble addition was made to the 
ancient Hcrmetical l’hilofaphy, by the jpodera doc¬ 
trine of alcali aud acid. 

Hekmetical Seal, or Hermetical Sooting, « manner 
of flopping or clofing glafc vcfiels, for chemical and other 
operations, fo very cloft ly, that do fubftance can porffi- 
biy exhale or cLape. This is ufoally done by heating 
the neck of the veil'd in the flame of a lamp, with a 
blow-pipe, till it be ready to melt, and then with a pair 
of hot pincers twitting it dole together. 

HERSCHEL, the name by which the French, aad 
mull other European nations, call the new planet, dif- 
covered by Dr. Her&helin the year 1781. Its mark or 
character is $, The Italians call it Ouranos, or Ura¬ 
nia, but the Englilh, the Georgian Planet , which foe. 

IIERSE, in Fortification, a lattice or portcullice, in 
the form of a harrow, befet with .iron fpikes, to block 
up a gate way. See. 

HERSILLON, or little Herfc, in Fortification,_is a 
plank armed with iron fpikes, for the fame ufe as the 
Herfe, and alfo to impede the march of the infantry or 
cavalry. 

HESSE (William Prince of), rendered his name 
immortal by his encouragement of learning, by his ftu- 
dics, and by his obfervatioos, for many years, of the celef- 
tial bodies. For this purpofe, he erected an ohfenratonr 
at Caffel, and furnifhed it with good inftruments, well 
adapted to that defign ; calling auo to his affiftance two 
eminent artifts, ChriftopSier Rothmann and Jufte Byrgc. 
His obfervations, which are of a very curious nature, 
were publifiicd at Leyden, in the year 1618, by Wille- 
brord Snell; and are in part mentioned by Tycho 
Brahe, as well in his epiftles as in the 2d volume of his 
Progymnajtnata ; a fignal example to all princely and 
heroic minds, to undertake the promoting the arts of 
peace, and advancing this truly noble and celeftial 
fcicnce. This prince died in the year 1597. 

HETERODROMUS Vefiis, or Lever , in Me¬ 
chanics, a lever in which the fulcrum, or point of fuf- 
penfion, is between the weight and the power; being 
the fame as what is otherwise called a lever of the firft 
kind. 

HETEROGENEAL, the fame as Heteroge¬ 
neous; which fee. 

HETEROGENEOUS, literally imports things of 
different natures, or fomething that connfts of parts of 
different or diffimilar kinds; in oppofition to Homo¬ 
geneous. Thus, ... 

Heterogeneous Bettih, are fuch as have their parts 
of unequal denfity. . 

Heterogeneous Line, is that which confifts of 
parfs or rays of different refrangibility, reflexibility, and 
colour. . v 

Heterogeneous Numltrs, are mixed numbers, 
confifting of integers and fra&ions. 

Heterogeneous Particle/, are fuch *s are of dif¬ 
ferent kinds, natures, and qualities; of which generally 
all bodies confift. 

Heterogeneous Quantities, in Mathematics, am 
4G 2 thefe 
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thofe Which cannot have proportion,'of be compared' to- 
■ gether as to greater and left; being x>f fuch different 
kind and confideration, as that one of them taken any 
munberof times, never equals or exceeds the other. As 
lines, fiirfaces, and folids in geometry* 

Heterogeneous Surds, are fuch as have different 
radicalfigns % as and \/b % j or ^/ies and Ifis. 

HETEHpSCII, in Geography, are fueh inhabitants 
of the earth as have their fhadows at noon projected al¬ 
ways the fame way with regard to themfelves, or always 
contrary ways with refpedt to each other. Thus, all 
the inhabitants without the torrid zone are Heterofcii, 
with regard to themfelves, fince any one fuch inhabitant 
has his Atadow at noon always the fame way, viz, always 
north of him in north latitude, and always fouth of him 
in fouth latitude } or thefe two fituations are Heterofcii 
to each other, having fuch fhadows projected contrary 
ways at all times of the year. 

HEVELIUS (Jom»), a very celebrated aftrono- 
mer, and a burgomafter of Dantzick, ms bom in that 
■city in 1611. He ftudied mathematics under Peter 
Cruger, in which he made a wonderful progrefa. He 
afterwards {pent fevcral years on his travels through Hol¬ 
land, England, Germany, and France, for his improve¬ 
ment in the feicnces. On his return, he eonftrudied ex¬ 
cellent telefcopes himfelf, and began diligently to ob- 
ierve the heavens, an employment he elofely .followed 
during the courfe of a long life, which was terminated 
only in 1687, at 76 years of age. Hevelius was author qf 
fevcral notable difeoveries in the heavens. He was. the 
firft that obferved the phenomenon called the libration 
of the moon, and made feveral other important, observa¬ 
tions on the other planets. He alfo difeovered feveral 
fixed ftara, which he named the firmament of Sobiejki , in 
honour of John the 3d, king of Poland, He framed a 
JargC catalogue of thv ftars, and collefted multitude* of 
the unformed ones into new cooftellations of his own 
framing. His wife was alfo well ikilled in aftronomy., 
and made a part of the obfervations that were publilhed 
by her hufband. His principal' publications are, his 
Seltnographia , or an cxa& defeription of the moon $ in 
which he has engraved all her phafes, and remarkable 
parts, diftinguifhed by names, and afeertained their re- 
fpeftive bounds by the help of telefcopes; containing 
slfo a delineation of the Several vifible fpots, with the 
various motions, changes, and appearances, difeovered 
by the telefcope, as alfo in the fun and other planets, 

1647. . In 1654, two epifiles 5. one to the celebrated 

aftronomer Riccioli, concerning the JLibration of the 
Moon; and the other to BulhaUf, on the EcHpfes of 
both luminaries.—In 1656, a Diffettarion DeNmtura 
Saturni fatiei , Es’f.—hi 1668, his Oomctogrofhia, repre¬ 
senting die whole nature of comets, their fituation. pa¬ 
rallaxes, diitances, diyerfc appearances, and furprinng. 
motions, with a hi (lory of. flCT the comets from the be¬ 
ginning of die world down to t)ie prefrnt time;. being 
enriched with curious Sculpture of his own execution : 
to which- he added a. trpatifo on the planet Mercury, 
feen in the fun at. Dantzick, May 3, 1661 ; with ,the 
biftory of * newilar appeaKngmtbe neck of Cetus, and, 
another in the beak of Cygnus j, befpfes an llluftration 
of fome aftroaosnical difaovfries of the htte Mr. Horrox, 
is his treatife on Venus feen ju*the. fun, Nov. 24,1639 ; 
with a difeourfe of fome curious Parafriena and Parhelia 
obferved at Dantzick*. He fent copies of this work to 


feveral members of the Royal Society at London, and' 
among them to Mr. Hooke, in return for which, thia 
gentleman fent to Hevelius a defeription of the Dioptric 
Telefcope, with an account of the manner of afing it ( 
and recommending it to him, as much preferable to te¬ 
lefcopes with plain fights. This gave rife to a difpute 
between them, viz, ** whether diftances and altitudes 
could be taken with dlain fights any nearer than to a 
minute.*’. Hooke aflerted that they coaid not; but 
that, with an iuftrument of a fpau radius, by the help 
of a telefcope, they might be determined to the e*a&- 
nefs of a fccond. Hevelius, on the other hand, infilled 
that, by the advantage of a good eye and long praftice, 
he was able with his iuilruments to come up even to 
that exa&ncfs;" and, appealing to experience and fa&s, 
fent by way of challenge 8 diftances, each between two 
different ftars, to be examined by Hooke. Thus the- 
affair reded for fome time with outward decency, but 
not without fome inward grudge between the parties. 

In 1673, Hevelius published the firft’ part of his 
Maeh'ma Cvleflis , as a fpecimen of the cxaclnefs both of 
his inflrumentBanil obfervations; and fent feveral copies 
as prefents to his friends in England, but omitting Mr. 
Hooke, litis, it is (uppofed, occafioned that gentle¬ 
man to print, in 1674, ■dnimadlxrfims on the Firfl Fart of 
the Afaehina CuUJlU ; in which he treated Hevelius with 
a very magiftcrial air, and threw out feveral unhand- 
fomc reflections, which were greatly refented ; and the 
difpute grew aftewards to fttch a height, and became 
fo notorious, that in 1679 Hr. Halley went, at the re- 
ueft of’the Royal Society, to examine both the in- 
ruments and the obfervations made with them. Of 
both thefe, Halley gave a favourahle account, in a 
letter to Hevelius; and Hooke managed the contra.- 
verfy fo ill, that he was univerfally condemned, though 
the preference has fince been given to telefcopic fights. 
However, Hevelius couldnot be prevailed on to make 
ufie of them : whether he thought himfelf too expe¬ 
rienced to be informed by a young altronomcr, as he 
confidered Hooke; or whether, having made fo many 
obfervations with plain lights, he was unwilling to alter 
his method, left, he might bring their exadtnefs into 
queftion ; or whether, being by long pra&ice accuf- 
tomed to the ufe of them, and not thoroughly appre¬ 
hending the ufe of the other, nor well undcrilanding the 
difference, is uncertain. Bcfides Halley’s letter, He- 
velins received many others in his favour, which he took 
the opportunity 01 inferring among the aftranomical 
obfervations in his Annus Climafltricut, printed in *665. 
In a long preface to this'work, he fpeaks with more 
confidence and greater indignation than he had done 
before, and particularly exclaimed againft Hooke's 
dogmatical and' magiftcrial manner of affuming a kind. 
of didatorfhip over him. This revived the ronteft, and 
occafioned feveral' learped men to engage in it. The ■ 
book itfelf being fent to the Royal Society, at theijr, 
requeft an account of it was given by Dr. Wallis; who, 
among other things, took notice, that “ Hevelhis’s 
obfervatiqns hajdheen mifreprefented, fince it appeared. 
from this book, that he could diilinguifh by plain fights 
to a final]part of a minute.”- About the fame rime 
Mr. Molyneux alfo wrote a letter to the fociety, in vin¬ 
dication of Hevelius, againft Hooke’s Unimaaverfions. 
To all which, Hooke draw up a letter in anfwer, which 
was read before the fociety, containing mapy qiudifying 

and; 
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•ud* ‘accommodating expreflions, but. ftill at lead ex- 
preffiag the fuperiority of teldcopic fights over plain 
•nes, excellent as the obfervations. were that had been 
made with thefe. 

t In i 6 m, ’Hevclius lad publifhed the fecond part of 
his Macpma Caleftit ; but the fame year, while he was 
at a feat in /the country, he had the misfortune to have 
his houfe. at Dantzic burnt down. By this calamity it 
is faid he fuilained feveral thoufand pounds damage ; 
having not only his obfervatory and all his valuable in- 
ftrumentsand allronomical apparatus deftroyed, but al- 
fo a great many copies of his Machina CaUJiit, an acci¬ 
dent which has made this fecond part very fcarce, and 
consequently very dear. 

In 1690, were publifhed a defcription of the hea¬ 
vens, called i Firmament am Sobiefcianum, in honour of 
John the 3d, king of Poland, as above mentioned; and 
alfo Prodromus AJlronomu, Gf Nov* Tabul* Solares, una 
cum Calalngn Fixarum ; in which he lays down the ne- 
ceflary preliminaries for taking an exa£t catalogue of 
the liars. 


But both thefe works were pofthumons} for Heve- 
l|us died the 28th of January 1687, exa£lly 76 years of 
age, as above faid, and univerfally admired and re- 
fpc&ed ; abundant evidence of which appears in a col¬ 
lection of letteis between him and many other perfohs, 
that was printed at Dantzic irt 1683. 

HEXACHORD, a certain interval or mufical con¬ 
cord, ufually called afixth. 

HEXAfcDRON, or Hexahedron, one of the 
five regular or Platonic bodies; being indeed the fame 
as the cube ; and is fo called from its having 6 faces.— 
The fquare of the fide or edge of a Hexahedron, is one- 
third of tfie fquare of the diameter of the circumfcrib- 
ing Sphere : and hence the diameter of a fpherc is to 
the fide of its inferibed Hexahedron, as 4/3 to 1. 

In general, if A, B, and'C be put to denote re- 
fpe&ivcly the linear fide, the furface, and the folidity of 
a Hexanedron or cube, alfo r the radius of the in¬ 
feribed fphere, and R the radius of the circum- 
feribed one ; then we have thefe general equations or 
relations: 


1. A sb'2 r = fRv'S — V*® — VC- 

2. » = 24r* = 8R* ss. 6A* ss 6j/C*. 

3. C sb 8r* b{RVjbA» :='BViIB. 

4. R ss rj 3 =b jA^/3 ss i^/jB _ |v \3 ^ VC' 
c, r — IRa/x— »A = !*/‘Bss}A/C. 


4. R = r^/3 = \ A^3 = — is / 3 ^ 

5. r = \k</ 3 = * A = *l/C- 

HEXAGON, in. Geometry, a figure of fix Tides, 

and confequently of as many angles. .When thefe are 
equal, it is a regular Hexagon.—The angles of a Hexa¬ 
gon are each equal to 120°, and its Tides arc each equal 
to the radius of its circumfcribing circle. Hence a re¬ 
gular Hexagon is inferibed in a circle, by fetting the 
radius offC times upon the periphery. And hence al¬ 
fo, to deferibe a regular Hexagori upon a given line, 
deferibe an equilateral triangle upon it, the vertex of 
which will be the centre of the ciraimferibing circle. 

The fide of a Hexagon being r, its area will be = 
2’<9807fiax* = 4 ** * tan K* 6° 4 5 6 3= { t \/ 3 * 

HBXASTYLE, in the Ancient ArchiteSure, a 
building with 6 columns in front. 

HIERO’s Crown, in . Hydroftatics. The hiflory 
of thik crown-, and of the important hydroftatical pro- 
ppfition which it gave occalion to> is as follows: Hiero, 


king of Syracufe, having fumiihed a workman with * 
quantity of gold for making a crown, fufpefted that he 
had been cheated, by the workman ufing a grater al¬ 
loy of filver than was necefiary in. making it ] and he 
applied to Archimedes to difeover the fraud, without 
defacing the crown. 

This celebrated mathematician was led by chance to¬ 
rn method of dcte&mg, the impofture, and'ofdetermin- 
ingprecifcly the quantities of gold and filver compoftng 
the crown : for he obferved, when bathing in a tub of, 
water, that the water ran over as his body entered it, 
and he presently concluded that the quantify fo running 
over was equal to the bulk of his body that was im- • 
merfed., He was fo pleated with the difeovery, that it 
is faid be ran about naked crying out, ivrax*, tin**,. 
/ have found it ; and fome affirm that he offered a heta- 
comb to Jupiter for having infpired him with the 
thought. 

On this principle he procured a ball or mafs of gold,, 
and another of filver, exactly of the fame weight-with 
the ci own; confidering, that, if the crown were of pure 
gold, it would be 01 equal bulk and expel an. equal 
quantity of water as the golden ball.} and if it were of 
filver, then it would be of equal bulk and expel an 
equal quantity of water with the ball of filver; but of* 
intermediate quantity, if it confided of a mixture of the 
two, gold and filver ; which, upon trial, he found to 
be the cafe ; and hence, by a companion of the quanti¬ 
ties of water difplaced "by the three mafies, he difeover- 
ed the exa& portions of gold and filver in the crown. 

Now, fuppofe, for example, that each of the .three 
mafies weighed too ounces; and that on immerfing 
them fevenuly in water, there, were difplaced 5 ounces 
of water by the golden ball, 9 ounces by the. filver, 
and 6 ounces by the compound, or crown; that is,. 
their rt-fpeftive or comparative bulks are as 5, 9, and. 
6 , the fum of which is 20. 

Then the method of operation is this:. 

From 9 6 

Take 6 5 

' rem. 3 1, whofe fum is 4. 

Therefore 4 : 100 :: 3 : 75 oz. of gold,' 
and 4 : 100 :: 1 : 25 oz. of filver.. 

That is, the crown confifted of 75 ounces 0$ gold,' and ’ 
25 ounces of filver. 

See Cotes Hydrof. Left. p. 81 ; or Martin’s Philof.. 
Britan, vol. 1, p. 305, &c. See alfo. Specific Gra¬ 
vity. 

HJCH-fPatcr, that ftate of the tides when they 
have flowed" to thfeir greateft height, or have ccafcd 
to flow or rife. At High-water the motion commonly 
ccafrs for a quarter or half an hour, before it begin to 
ebb again. The times of High-water of every day of 
the moon’s age, is ufualfy computed from that which is 
obferved on the day of.the hill or change; *viz, by 
taking 4-5 ths of the moon’s age on any day of the 
month, and adding it' to the. time of High-water on 
Hie day of ihe full or change; then is the fum nearly, 
equal to the time of'High-water on the day of the 
month promoted. And as to the times of High-water, 
on the day of the fulf and change of the moon, at 
many- different places ; they. have been obferved as 
they are fet down in tliev foliowiug table. 

Tuik 
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T.m/.E of.the ‘Times af Htgb-nvater uslhc Days qf the jfow smd RulI Jkfoots, mt maty different Placet* 


Aberdeen 
Aldborough 
Alderney 1 . 
Amazons River 
Amfterdam 
Amsterdam I. of 
Andrew*# St. 


Antwerp 

Archangel 


Alhley Riv. 

Auguftine St. 

Bajador Ca. 

Baltimore 

Barfieur Ca. 

Bayoune 

Beachy-head 

N. ana S. Bear 

Bclfaft 

Bellifle 

Bermudas I. 

Berwick 

Blacluey 

Blanco Cap. 

Blavet 

Bourdeaux 

Boulogne 

Bremen 

Brell 

Bridlington "B. 

Brill 

Briftol 

Buchanefs 

Button’s Ifles 

Cadiz 

Caen 

Calais 

Canaria I.! 

C. Cantin 
Cape Town 
Caikets , 
Cathnefs Po. 
Charles Town 
CL, Charlotte’s S. 
Cherbourg 
Churchill R. 

Ca. Cleare 

Concarneau 

Conquct 

Coquet Iflc 

Corse 

C. Corfe 

Cromer 

Dartmouth 

St. David*# H. 

Diagjm 


'Countries. 


Scotland 

England 

England 

Sputh America 

Holland 

South Seas 

Scotland 

Denmark 

Flanders. 

Ruffia 

Ireland 

Carolina 

Florida 

Negroland 

Ireland 

France 

France 

England 

Labradore 

Ireland 

France 

Bahama X. 

England 

England 

Negroland 

France 

France 

France 

Germany 

France 

England 

Holland 

England 

Scotland 

New Brit. 

Spain 

France 

France 

Canaries 

Barbary 

Caffers 

Guernfey 

Scotland 

r> _i:_ 




011 45 m 

9 45 

12 O 

6 o 
° 

8 to 
2 15 
o o 
6 o 

6 o 

11 o 
o 45 

7 3© 
o o 

4 30 
7 30 
3 3° 
o o 

12 O 

io o 
3 30 
7 o 

2 30 
6 o 

9 45 

3 ° 

3 ° 

10 30 
6 o 
3 45 
3 45 
1 30 
6 45 

3 o 
6 50 

4 30 
9 © 

11 30 


a 30 

8 15 

9 ° 

3 ° 
9 © 
7 3° 
7 20 

4 30 


I ° 

6 30 
3 3© 

7 © 
6 30 
6 o 

10 30 


Names of Placet. 

•f 


Dart 

Dover 

Downs 

Dublin 

Dunbar 

Dundee . 

Dungarvan 

Dungencf# 

Dunkirk 

Dunnofe 

Dufltv Bav 

Eafter Hie 

Edvftoar 

Elbe R. 

Embden 

Eitaples . 
Falmouth t 
Flamhorough H. 
C. Florida 
Ffulhing 
N. Foreland 
Foulnefs 
Fowey 
Fayal Ifl. 

Garonne R. 
Gibraltar 
C. Good Hope 
Goree flflc) 
Granville 
Gravelines 
Grave fend 
Groin 

Guernfey I. 

Hague 

Halifax 

Hamburgh 

Hare Iflc 

Harlem 

Hartleapdl 

HarwiA ’ 

Havre de Grace 1 

Holy Head 

Honfleur 

Hull 

Humber R. 

Sf. John’s 

St. Julian (Port) 

Kentiflmock 

Kiniak 

Land's End 

Leith 

Leoftoff 

Liibon 

Liverpool 

Lizard 

Loire (Riv.) 

London 


Countries. 


Holland 

England 

England 

Ireland 

Scotland 

Scotland 

Ireland 

England 

France 

1 . of Wight 

N. Zealand 

chili 

Englifh Channel 

Germany 

Germany 

France 

England 

England 

Florida 

Holland 

England 

England 

England 

Azores 

France 

Spain 

Callers 

Atlantic Ocean 

France 

Flanders 

England 

Spain 

Englflh Channel 


Nova Scotia 
Germany 
Canada 
Holland 



Newfoundland 
Patagonia 
Engiilh coaft 
Ireland 
England 
Scotland 
E 
V* 

E 
E 
Fi 
E 













ft 1 1 


t S& I 


ft I * 


: v ' Masses of Pises*. 

Cosntriet. 

I Hlfh-w. 

{£&<“'> 

waaetra 

England 

AtL Ocean 

5 h 15 n>. 

rt, 4 

St. Maloes 

France 

6 0 

file of Man 

England 

9 0 

Margate 

St. Mary’s (Ifle) 

England 

Scifly Iflca 

11 15 

3 45 

Milford 

Wales ' 

5 15 

Mount’s Bay 

England 

4 3 ® 

Nantes 

France - 

3 0 

Naze 

Norway 

it 15 

Needles 

England 

10 15 

Newcaftle 

England 

3 *5 

Nieuport 

Flanders 

12 0 

Nore 

England 

0 0 

North Cape 
Orfordnefs 

Lapland 

England 

3 0 

9 45 

Orkneys 

Scotland 

3 0 

Oftend 

Flanders 

12 0 

Placentia 

Newfoundland 

! 9 0 

Plymouth 

England 

6 0 

Port’md 

England 

8 15 

Porto *’raya 

Cape Verdes 

i-l 0 

Portfmouth 

England 

11 15 

Ojebec 

EKee (Ifle) 

Canada 

v 7 30 

France 

3 © 

Refolution (Bay) 

Ohituhoo 

2 3c 

Robin Hood’s £. 

England 

3 0 

Rochefort 

France 

4 15 

Rochelle 

France 

3 45 

Rochefter 

England 

0 45 

Rotterdam 

Holland 

3 0 

Rouen 

France 

* 15 

Rye 

England 

ri 15 


BE BE I 

■ggi 


Sandwich 

England 

iih0Om 

Scarborough H. 

England 

3 45 

Sciily Idea . 

England 

3 45 

Senegal 

Negrohmd 

ro 10 

Severn, (Mouth.) 

England 

5 0 

Sheernels 

England 

0 0 

Sierra Leona 

Guinea 

8 *5 

Shetland L 

Scotland 

3 0 

Ifle of Sky 

Scotland 

5 * 3 ® 

Spurn 

England 

5 *5 

Start Point 

England 

6 4s 

Stockton 

England 

5 *5 

Sunderland 

England 

3 *0 

Tannt 

Pacific Ocean 

3 « 

Teneriff 

Canaries 

3 0 

Texel (Ifle) 

Holland 

7 30 

Thames Mouth 

England 

1 jo 

Tinmouth 

England 

3 0 

Torbay 

England 

5 *5 

St. Valery 

France 

to s* 

Vannes 

France 

3 45 

Ufhant 

France 

4 3 ° 

Waterford 

Ireland 

. 6 30 

Wells 

England 

6 0 

Weymouth 

England 

7 20 

Whitby 

England 

3 0 

Jfte of Wight 

England 

0 0 

Winchelfea 

England 

0 4 s 

Wintertonefs 

England' 

9 0 

Yarmouth 

England 

9 45 

New York 

America 

3 0 

YoUghall 

Ireland 

4 30 

Zuric Sea 

Holland 

3 0 


HIPS, in Archltedure, arc thofe pieces of timber 
placed at the corners of a roof. Thefe arc much longer 
than the rafters, becaufe of their oblique pofition.. 

Hip means alfo the angle formed by two parts of the 
roof, when it rifes outwards. . 

Hi?-Ron/, called alfo Italian Roof, is one m which 
two paits of the roof meet in aa angle, rifing out¬ 
wards : the fame angle being called a valley when it 


links inwards. 

HIPPARCHUS, a celebrated aftronomer among 
the ancients, was born at Nice in Bithynia, and flou- 
»ilh-d b'■tween the 154th and the 163d olympiads; 
that is, >'< tv ;en 60 and 135 years before Chnft ; for 
in this 11 -c o f time it is that his obfervations are 
dated. He is accounted the firft, who from vague 
and bartered obfirv.,lions, reduced aftronomy into a 
fciencc, and pro Routed the Itudy of it fyltemaUcally. 
Pliny often mentions him, and always with great com¬ 
mendation. He was the firft, he tells us, who at¬ 
tempted to count the number of the fixed ftars ; and 
his catalogue is preferved in Ptolomy a Almagett, 
where they are all noted according to thenr longitude* 
and apparent magnitudes. Pliny places h>m among 
thofe men of a fublime genmtr, who, by foretelling the 
eclipfes, taught mankind, that they might not to Jc 
Prignt* Ati .it ihefe phenomena. 1 hales was the firft 
among the Greeks, who con’d difeover when there was 
to be an eelipfe. Sulpuius Callus among the Romans 


began to fucceed in this kind of prediftion; and he 
gave an effay of his (kill very feafonably, the day be¬ 
fore a battle was fought. After thefe two, Hippar¬ 
chus improved that feienee very much ; making ephe- 
merides, or catalogues of eclipfes, for 600 years. He 
admires him-for making a review* of all the ftars, ac¬ 
quainting us with their fituatiops and magnitudes; for 
by thefe means, fays he, pofterity will be able to dif¬ 
eover, not only whether they are born and die, but 
alfo whether they change their places, and whether 
they increafe or decreafe. He mentioned a new ftar 
which was produced in his day 3 ; and by its motion, at 
its firft appearance, he began to doubt whether tin’s din 
not frequently happen, and whether thofe ftars, which 
we call fixed, do not likewife move. Hipparchus is 
alfo‘memorable for being the firft who dlicovered t{ie 
preceffion of the equinoxes, or a very flow apparent mo¬ 
tion of the fixed ftars from eaft to weft, by which m a 
great number of years they will Ceem to have performed 
a complete revolution. He endeavoured alfo -to reduce 
to rule the many difeoverie* he mode, and invented 
new inftruments, by which he marked their magnitude* 
and places in the heavens ; fo that by means of them it 
might beeafily obferved, not only whetlier they appear 
and difappear, but likewife whether they pafs by one 
another, or move, and whether they increafe or de- 

Thc firft obfervations he made, were in the ifle of 

Rhodes; 
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Rhodes'; whence hi got the n 4 me Rhodius; but af- 
terwardshe cultivated thisicience in B if hymn and-Alex* 
mndria only. One of -his works is ftfll extant* viz, his 
Commentary upon Aratus’s Phenomena. Hecompofed 
feversd other works ; and-upon the whole it is agreed, 
that aftrohomy is greatly iudebted to him, -for laying 
that rational and folid feundatiou, iupon which all fuc- 
‘ ceeding allronomers have fince built their fuperilrue- 
rturc. 

HIRCUS, in Aftronomy, a fixed liar of the firft 
magnitude, the fame with Capclla. 

Htacvs'is alfo ufed.by finne writers for a comet, on- 
compafied-asit were with a -mane, Seemingly rough and 
ihairy. 

HI RE ^(Philip de la), an eminent Frehch mathe¬ 
matician and aftronoiner, was bom at Paris in 1640. 
His father, who was^painter to the kings intending him 
•for the fame occupation, taught hhn drawing and fucli 
branches of mathematics as relate to it: but died when 
the fon was only 17 years of age. Three years after 
this, he travelled into Italy for improvement in that art, 
where he fpeut 4 years. He applied liimfelf alfo to 
mathematics, which gradually engrofled all his atten¬ 
tion. On his return to Paris, he continued his mathe¬ 
matical Iludies with great eagernefs, and he afterwards 
publiihed ibme works, which gained him fo much re¬ 
putation, that he was named a member of the Academy 
of Sciences in 1678. 

The minifter Colbert having formed a defign for a 
better chart or map of France than any former ones, De 
la Hire was appointed, with Picard, to make' the ne- 
ceffary observations for that purpofe. This occupied 
him (ome years in feveral of the provinces 5 and, befidc 
the main «bje& of his peregrinations, he was not un¬ 
mindful of-other branches of knowledge, but philofo- 
phized upon every thing that occurred, and particu¬ 
larly upon the variations of the magnetic needle, upon 
refractions, and upon the height of mountains, as de¬ 
termined by the barometer. 

Ia 1683, dela Hire was employed in continuing the 
meridian une, which Picard had begun in 1660. He 
continued it from Paris northward, while Camni car¬ 
ried it on to the fouth; but Colbert dying the fame 

£ ear, the work was dropped before it was finiihed. De 
l Hire was next employed, with other members of the 
academy, in taking the neceflary levels for the grand 
aqueducts, which Louis the 14th was about to make. 

The great number of works publiihed by our author, 
together with his continual employments, as profciTor 
of the Royal College and of the Academy of Archi- 



feeking any other relief from his labours, than a change 
of one for another. In his manner, he had the exte¬ 
rior politenefs, circumfpc&ion, and prudence of Italy; 
on which account he appeared too referred in the eyes 
of his countrymen ; though he was always eileemed as 
a very honeft difintcrcftcd man. He died m 1718, at 78 
years of age. 

Of the numerous works which he publiihed, the 
principal are, 1. Traite de Mechaniquc; 1665.— 
2. Nouvellc Methode en peometrie pour lea Sections 
dca Superficies Coniqucs & Cylindriques; 1673, 4to. 


-—3. DtCyclo{dc^ r677, umo.-—4. Nmtriaraz Sie¬ 
mens des SeAiones Cosines: les Lieux Geometriqtfcs; 
hi Conftru&ion,' ou Effe&ion des Equations 5 1678, 
LaGnomoai^ue, &c; 168 a. 1 a mo.—6. Traite 
du Nivellcment de M.Picard, avec deSadditions; 1684. 
-—7^ Se£Ubnes Conic* in novpm ljbros diilribute; 
(685, folio. This was confidered as an original work, 
and gained the author great reputation all over Europe. 
--8. Traite du Muuvement des Eaux, &c; 1686.— 
9. Tabulre Ailmnomic*; 1687 and 170a, 410.—10. 
Ecole dcvArpenteura}, 1689.-11. Veterum Mathe- 
maticorum Opera, Grseci Sc Latini, pleraque nunc 
priiuum edtta; 1693, folio. This edition had been 
begun by Thevenot j who dying, the care of finiihing 
it was committed to de la Hire. It (hews that our au¬ 
thor’s ilrong application to mathematical and ailrono- 
mical iludies had not hindered him from acquiring a 
very competent knowledge of the Greek tongue. Be- 
fidc thefe, and other fmaller works, there are a vail num¬ 
ber of his pieces fcattered up and down in Journals, 
and particularly in the Memoirs of the Academy of 
Sciences, viz, from 1666 till the year 1718. 

HOBBES (Thomas), a famous writer and philo- 
pher, was bom at Malmibury in Wiltihire, in 1588, 
qeing the fon of a clergyman of that place. He 
completed his Iludies at C/xford, and was afterwards 

B ivernor to the ddeft fon of William Cavendiih earl of 
evortfhire, with whom he travelled through France 
and Italy, applying himfelf dofcly to theftudy of po¬ 
lite literature. In 1626 his patron the carl of Devon- 
(hire died; and 1628 his fon alfo; the fame year Mr. 
Hobbes publiihed his tranilation of Thucydides in En« 
gliih. He foon after went abroad a fecond time as go¬ 
vernor to the fon of Sir Gervafe Clifton ; but ihortly 
after returned, to refume bis concern for the hopes of 
the Devonihire family, to whom he had fo early at¬ 
tached himfelf; the countefs dowager haring deiired to 
put the young earl under his care, then about 13 years 
of age. This charge was very agreeable to Mr. Hobbes’s 
inclinations, and he difeharged the fruit with great di¬ 
ligence and fidelity. Jn 1634 he accompanied his young 
pupil to Paris, where he employed his own vacant 
hours in the (ludy of natural philofonhy, frequently 
converfing with Father Merfeune, Garfendi, ana other 
eminent philofophers there. From Paris he attended 
his pupil into Italy', where he became acquainted with 
the celebrated Galileo, who freely communicated his . 
notions to him ; and from hence he returned with his 
ward into England. But afterwards, forefeeing the 
civil wars, he went to feek a retreat at Paris; where 
lie-was foon made acquainted with Des Cartes and the 
other learned philofophers there, with whom he after- . 
wards held a correfpondence upon feveral mathemati¬ 
cal fubje&s, as appears from the letters of Mr. Hobbes 
publiihed in the works of Des Cartes. 

In 1642, Mr. Hobbs printed his famous book De 
Cive, which railed him many adverfarics, who charged 
him with inftxlling principles of a dangerous tendency. 
Among many illunrious perfons who, from the trou¬ 
bles in England, retired to France for fafety, was Sir 
Charles Cavendiih, brother to the Duke ofNewcaftlee 
and this gentleman, being well (killed in the mathema- . 
tick, proved a conftant friend and patron to Mr. 
Hobbes j who, by embarking in 1645 in a controverfy • 
6 about 
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Hbfnt fqtwniw the circle, was grown fo famous by it; 
tn*^,|»B. ip47 he was recommended to inilruft Charles 
pnnce of Wales, afterward* king Charles the ad, m 
mathematical learning. Daring this he employed his 
vacant time in compofing his Leviathan, whidi was 
publifhed m England in 1651. After the<pubKcation 
of this work, he returned to England, and paffed the 
remainder of his long life in a very retired ana ftudiaus 
manner, in the houle of the Earl of Devonihire, moft- 
ly at his feat in Dcrbyfture, but accompanying the carl 
always to London, fearing to be left out of his imme¬ 
diate protection, left he fliould be feized by officers 
from ttie parliament or government, on account of the 
freedom of his opinions in politics and religion. He 
received great marks of refpeft from king Charles the 2d 
at the reftoration in 1660, with a penlion of tool, a 

J rcar. From tbit time, till his death, he applied him- 
elf to his ftudiet, and in oppofing the attacks of his 
adversaries, who were very numerous: in mathematical 
fpbjc&s deputes rofe to a great height between him and 
Dr. Wallis, on account of his pretended Quadrature of 
the Circle, Cubature of the Sphere, and Duplication of 
the Cube, which he obftitiately defended without ever 
acknowledging his error. 

His long lire was that of a perfe&ly honeft man ; a 
lover of his country, a good friend, charitable and ob¬ 
liging. He accuftomed himfelf much more to think¬ 
ing, than reading; and was fond of a well-felefted, ra¬ 
ther than a large library. He had a hatred to the 
clergy, having been perfecuted by them, on account of 
the Freedom or his doctrine, and having a very indifferent 
opinion of their knowledge and their principles. In his 
laft ficknefs lie was very anxious to know whether his 
difeafe was curable ; and when intimations were given, 
that he might have eafe, but no remedy, he faid, 1 I 
(hall be glad to find a hole to creep out of the world at.* 
He died the 4th of Dec. 1679, at 91 .years of age. 

His chief publications were, 

I. An Englifh tranfiation of Thucydides’s Hiftory 
of the Grecian war. * 

2. De Mirabilibus Pecci, and Memoirs of his own 
Life, both in Latin verfe. 

3. Elements of Philofophy. 

4. Anfwer to Sir William Davenant’s Epiftle, or 
Preface to Gondibert. 

5. Human Nature, or the Fundamental Elements of 
Policy. 

6. Elements of Law. 

7. Leviathan j or the Matter, Form, and Power of 
a Commonwealth. 

8. A Compendium of Ariftotle’s Rhetoric. 

9. A Lettef on Liberty and Necefiity. 

10. The Queftions, concerning Neceffity and Chance, 
ftated. 

11 . Six Lefibns to the Profefibra of Mathematics, of 
the Inftitution of Sir Henry Saville. 

I a. The marks of Abfurd Geometry, &c. 

13* Dialogues of Natural Philofophy. 

Bcfides many other pieces on Polity, Theology, 
Mathematics, and otlier nufceHancous fubjefts, to the 

numheirof 41. ' __ 

HOBITS, in Gunnery. See Howitz. # 
HOGSHEAD, a meafure, or veffel, of wine or 
Vou. I. 


oH’j containing the 4th part of a ton* die half 
pipe, or 63 gallons. •»*? 

HOLDER (William}* alearned&id philofephll 
cal Engli(hman, wa» born in Nottmghamflure, educa¬ 
ted at"Cambri«Ige, add In 1643 became ro&ofr of Bte- 
ehingdon in Oxfordlhtre. In i66o he proceedtd D. D* 
he became afterwards canon of Ely, Fellow of tbe 
Royal Society, caiion of St. Paul’s, fab-dean of tha. 
royal chapel, and fub-almoner to the king. He Was a 
general icholar, a very accomphfhed perfon, and a 
great virtuofo. . 

Dr. Holder greatly diftinguiflied himfelf, by giving 
fpeech to a young gentleman of the name of Ppphant, 
who was born deaf. This was effected at his own houfe 
at Blechingdon in 1659 * hut the young man lofing- 
what he liadbeen taught by Holder after he was called 
home to his friends, he was fent to Dr. Wallis, who 
brought him to his fpeech again. Holder publifhed a 
book, intitled “ the Elements of Speech; an effay 
or inquiry into the natural Produ&ion of Letters: with 
an appendix, concerning perfons that arc deaf and 
dumb, 1669," 8vo. In the appendix he relates how 
foon, and by what methods, he brought young Pop- 
ham to fpeak. In the Philof. Tranf. for July 1670, was 
inferted a letter from Dr. Wallis, in which ne claims to 
himfelf the honour of bringing that gentleman to (peak. 
By way of anfwer to which, in 1678, Dr. Holder 
publiftied in 4to, “ A Supplement to the Philof. Tranf. 
of July 1670, with fomt refle&ions on Dr. Wallis’s 
letter there inferted.” Upon which the latter foon af¬ 
ter publifhed “ A Defence of the Royal Society/ and 
the Philofophical Tranfa&ions, particularly thofe of 
July 1670, in anfwer to the cavils of Dr. William Hol¬ 
der, 1678,” 4to. 

Dr. Holder’s aceomplilhments were very general. 
He was (killed in the theoiy and pra&ice of muuc, and 
wrote “ A Treatife of the Natural Grounds and 
Principles of Harmony, tf>94,”.8vo. He wrote alfo 
“ A Treatife concerning Time, with applications of 
the Natural Day, Lunar Month, and Solar Year, 8cc, 
1694,” 8vo. He died at Amen Corner in London, 
Jan. 24, 1697, and was buried in St. Paul’s. 

HOLLOW, in Architecture, a concave moulding, 
about a quarter of a circle, by fome called a Cafemcnt, 
by others an Abacus. 

Hollow-T ower, in Fortification, is a rounding 
made of the remainder of two brifures, to join the 
curtin to the crillon, whine the fmall (hot are played, 
that they may not be fo much expofed to the view of 
‘ the enemy. 

HOLY Thurftfay, otherwjfe called Afcenfion day, 
being the 39th day after Eafter Sunday, and kept m 
commemoration of Chrift’s afoenfion up into heaven. 

Holy Rood, or Holy Croft, a feftival kept on the 
14th of September, in memory of the exaltation of our 
Saviour's crofs. 

Holy Wnk, is the laft week of Lent, called alfo 
Paffion Week, 

HOLYWOOD (John), or Halifax, or Sacr&- 
bofeo, was, according to Leland, Bale, and Pitts, born 
at Halifax in Yorkftiire : according to Stainhuril, at 
Holywood near Dublin ; and according to Dempfter 
and Mackenzie, in Nithfdale in Scotland. Though 
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tMte *WBrJ*foep» hate km mon th a* one of tlte 
aunt. Mackenzie informs us, that fearing finiflbed bis 
fe fobhj :fee antefcad-feto-. orders, «n& 'ffeiror R canon 
tegular qf foe «iiet< of St. Augaftfoin foefssnousmo- 
MPto^of Hdywwod fo NithiMe. Hw EngH.rti‘bio- 
fmpbeM* e»tboeont(kry, teU asthathe w«s educated 
atOxfofd. They «K agree however in ofTerting, that 
.be fpqnt m«ft of his Ufe atParis} 'where, fays Ms|eken- 
»e* be eras admitted a member of the uoirerfity, June 
y, ta*t, under thefyndksof the Scotch nation} 
and foon after was defied profeflor ofmsfoematics, 
which be taught with appkilfe for many year*. Ac¬ 
cording <0 the fame author, he died in 1256, as ap¬ 
pears from the infcription on his monument is the 
eloifejrs of foe convent of St. Meturfoc at Paris, 

Holyweod ms contemporary with Roger. Bacon, 
but probably odder by about ne year*, - lie was «e*u 
tefoly foe fiifttnafoematician of his timet and be wrote, 
I. De Sphmra Mmndi; a work often reprinted, and Hluf* 
tnted by various commentators^—.2. JDeA*m&athm, 
Jm de Compute BctWiqftito. —3. Dt Aforifm, printed 
with Comm, firth CorvilH H\fp .'Paris, *49$. 

ifOMOCENTAIC, the fame as Concentric. 

HQMDiCiS.QMUS Ftftit, or W, in Mecha¬ 
nic*, k a levet ifi which foe weight, «nd power are-both 
onfoefonohdeoftbefukrom, as in the lever-of the 
*d aaA^ddtindt being fo called becawfo hero the weight 
and power mow both hi foe feme forc&ioq, where¬ 
as in foe Heterudvomu* they move in oppofite 41 - 
rc&fona. 

tRQMQGENLAL, or Howooekeoub, confiding 
of fimfiar parte, or of thefame kind and nature, in 
coattwdtiUnfiian from heterogeneous, where foe parte 
are of different kinds.—Natural bodies aw ttfually 
compdfd of Homogeneous parts, as a diamond, a 
awftfo fee. But eortihcial bodies, on the eontrary, are 
aifofol^ca of heterogeneous parts, or parte of dif- 
fcreo! kind*; asabufioing, of none, wood. Set. 

HeaeetuiAi jLigdtf, is that whole rays are aE of 
one aad the feme-odour, rofrangibfiity, ate. 

kioMoaeitean Nmbtre, are thofe of the fame kind 
and nature. 

HoseoeMMU'b S*r<U t are foch at hare pat oommon 
radical %n.;ns ^/V} and jo, or */* and */i> or 
2^/aand d. 

HQMOGENEUM Adfoftims, a name given by 
Vista to foe feeond term Of a compound or affeAed 
equation, befog that which makes it adft&ed. 

Homoofnxum Comfioratiome, in Algebra, a name 
given by Vieta to the abfolute known number or term in 
a oompeundor affefted equation. This hcpfocesroo the 
right-hand fide of the equation, and all the-other terms 
on the left. 

HOMOLOGOUS, in Geometry, is applied to the 
eonrdpondittg fidea of fimifaur figures, or thofe that are 
oppofite to equal or corresponding angles, and are fo 
caicdibecaufo they are proportional to each other. For 
aB fimifor figures have then: like tides Homo logos, or 
proportionaltc oae another, abb their areas or fosfaees 
snlfoadt^ettr propoxtianat to the fquarea of tbs 
Kkefidts, and their teiidcooateate Homologous <*r pro- 
poetionsd t»the cubes of the fente. 

HOOKE (ltowiri)»*aflrysapincapmatheatetioMa 


andpbiMbpher, wnaheefe ifitf, at «!lh* 

We of Wight, wbwe his lsfoer seas -middle?*.., 
teas intended fo foe foufch } but being af a wfokfo 
conftitutipn, and 'very fobjefl to the feefo-adu fo 
thoughts of that nature Were laid foie, Thus leftto 
himfelf, the boy followed foe'font ot hk genjns^wbich 
was turned to mechanics ; and eiaployed hid time fo 
making little toys, which he did with wonderful art 
and dexterity/ Hehpdalfo a good forn fordrawfog.} 
for which reafon, after his father’s death, which hap¬ 
pened in tAfd, he was placed with Sir-Peter Lely; but 
foe fineti of foe oil-colours fooreafiing his head-ach, he 
quitted-painting fo a very .{tort time, fie was-after- 
wards kindly taken by Dr. Bufoy fotc hi* horde, and 
fupported there, while he attended Wef|muift*rjfcfuml | 
where he not only acquired aeompetfot (bare of Greek 
and Latin, together with an infight into Hebrew and 
fome other Oriental^ laagttegft* bqf, fob made himfelf 
mafter of a good part of Ludid’s EltoieBts } and, as 
Wood aflerU, invented 30 different w*ya of dying. 

About the year 1653 he wept fo Chrift-cburch fo 
Oxford} and in 1655 was introduced to the Philofophi- 
cal Society there; where, difeovering bis mechanic ge¬ 
nius, be was firft employed to affiff Ur. Willis fotus 
cheimcal operations, and was afterwards recommended 
to Mr. Robert Boyle, whom he ferved fevers! years 
fothe fame capacity.. He was ilfo tnftruAed in ailro- 
nonyr about this time by Dr. Seth Ward^ Savilian- 
Profefibr of that feience ; and from henceforward dif- 
tinguifhed himfelf by many noble inventions and im- 
provements of the mechanic kind. He alfo invented 
teveral agronomical foftruments, for making bb&rva- 
tions both at fea and land, and was particulariy fervice- 
abie to Mr. Bqyle in completing foe invention of the 
air-pump. In 1062 he was appointed Curator of Expe¬ 
riments to the Royal Society; and when that body was 
eftabliihed by royal charter, he was in the lift of thofe, 
who were firft named by the council in May 20, 166$ ; 
and’he wan admitted accordingly June 3, with a pecu¬ 
liar exemption from all payments. Sept. 2 8 of the fame 
year, he was named by lord Clarendon, chancellor of 
Oxford, for foe degree' of -M. A.; and Oft. 19 it was 
ordered that the repofitory of the Royal Society fhould 
be committed to his care: the white gallery m Gre- 
iham-college being appropriated to that ufe. In May 
1664, be ;;egan to read the aftronomy lefture at Gre- 
iham college for the profefforDr. Pope, then in Italy }. 
and the fame year he was made ProfdTor of Mechanics 
to foe Royal: Society by Sir John Cutler, with a fabry 
of coL per annum, which that gentleman, foe founder, 
fettled upon him for Ufe. Jan, 11, 1665, tl.UK; fociety 

g ranted a falary fob of 30L a year, for his office of 
orator of Experiments for life; and the month of 
March the fame year he was eleAcd profcffor of geo* 
teetry in GrefoamusaUege. 

In 166; too, he pobllfted in folio, his " Mscrqgrnr 
phia, or fomc Ffobfaphfoal DefcriptioM of Mfoute 
Bodies, made by Mngeifying Glades, with Obfonva- 
tiona and’ Enquiries foeroopoa.” And foe fame year, 
during foe rocefs of foe Royal Society o* aocouet of 
the plague, he attended Dr. Wilkins and effoar. inge¬ 
nious gentlemen.fofo Story, where they made firwral 
«q>afoKnt8.. Zn.sfififi he pfOduaed to foe Royal 80- 

.ciety, 
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of tbe ctty accordihg to the aft of pwBoment requiring her the fame year, Hooke wm created M. X>. bf A 
•Me perfons to let out the ground for the proprietors, warrant from that prelate. In July 1696, the chaaoert 
Hr. Hmke was appointed one of the furveyotrs ; an fuit with Sir John Cutler was determined in his fwottri, 
amnlomtient in nrhn^i Ji« «w tnnA ~£ wi. — to hit incxpreffiMe fetisfii&toft.» His joy oh thatpoca- 

<nu found m his diary that expreffrd 1 bomshmjmtsa t 
that is, Deo, Optimo* Maximo, Jit honor* four, gbria* in 
jMulmfneulornm, Amen. “ I was hont on tlut day of 
July 1635, and God hath given me a new birth s may. 
I never forget his mercies to me 1 while he give* r*» 
breath may I pratfo himl”—In the fame year 169^ 
an order wm granted to hint for repeatitur ntoft of hi* 
experiments at the expense of the Royal Society, upon 
apromife of hit finuhjng the. accounts, obCtrvatiasia, 
and deduftions from them, and of per&ftiug the 46* 
feription of ail the iuftrueuenM contrived by Kims bat 
his lncrcafiog illncfs and general decay rendered hint 
unable to perform it. He continued fome years hi 
this wafting condition; and thus lafigiiiftung tilfhe 
was quite emaciated, he died March 3, *7©*» is his 
67th year, at his lodgings in Grefham college, sod w*f* 
buried in St. Helen’s church, Biihopfgate ftreet; tut 
corps being atjopded by all the members of the. Royal 
Society then in London. 

As to Mr. Hooke’s cfaaraftcr, it is not in all re* 
fpefts one of the mqft amiable. In his pcxftn he 
made rather a defpicaMe figure, being but of a Jboit 
ftature, very crooked, pale, lean, and of a irieqgjre af* 
peft, with dark-brown hair, very long, and hanging 
over his face lank and uncut. Suitable to his peffout 
his temper was penurious, melancholy, and miftnaftfidl 
and, though poftefTed of great philofophical knowledges 
he had fo much ambition, that he would be thought 
the only man who could invent or difoover 1 and hence 
he often laid claim to the inventions and difooveries of 
others, while he boafted of many of his own which ht 
never communicated. In the rebgiou* part of his cha* 
rafter, he was fo exemplary, that he always exprefliad a 
great veneration for the Deity j and feldora received 
any remarkable benefit in life, or made any confiderable 
dilcovery in nature, or invented any ufeful contrivance, 
or found out any difficult problem, without fetting down 
his acknowledgment to God, as many places in lus diary 
plainly fliew.—Ifis chief publications are, 

1. Ltfliones Culhriaiu, qr the Cutlerian Left arcs. 

2. Microgtaphid, or Descriptions of Minute Bodies 
made by Magnifying GlaflTesr 

3. A Defciiption of Heliofeopes. 

4. A Dcfciiption of fome Mechanical Improvements 
of Damps and Watei-poifes. 

5. Philofophical Colkdtions. 

6. PofthuinoUt. Works, colLfted from his papers by 
Richard Waller fecretary to the H oyal Society. Be» 
tides a number of papers in the Philof. Tranf. volumes 

if «i .1, 5? 6* 9* *7» »** 

HORARY, fometbing rotating to Hour* -, As,, , 
Horary Mr, hour lines or circles,* marking the 
hours, or dayn alt the diftance of hour* from toe aik- 
other. .• ' *' • ; 

Horary Motion ,« the motion or fpacc mooed iicMt 
4 H a hour. 


employment in which he got tn oft part of his eftate, as 
Appeared from a Urge iron cbeft of money found after 
his death, locked down with a key m it, and a date of 
the time, which' flifcwed it to have been fo fimt up above 
jo years. From 1668 he was engaged for many years 
no a warm conteft with HevdHus, concemiug^hc dif¬ 
ference in accuracy between obfenrmg, with aftronomi- 
cal inftruments with plain and telcfoopic fights; in 
which dsfpute many learned tries afterwards engaged, 
and. hi which Hooke managed fo ill, as to be universally 
condemned, though it has luce bean agreed that he had 
the better fide of the oueftino.—'In 1771 he attacked 
Newton’s M N.*w Theory of Light and Colours 
where, though he wax obliged to fubmit in reipeft to 
the argument, it is faid he came off with more credit. 
The Royal Society having commenced tjieir meetings 
at Gremam-collegt, November 1674, the Committee 
in December allowed him 40I. to' ereft a turret over 
part of his lodgings, for trying his inftruments, and 
making riftrotwmical observations: and the year fol¬ 
lowing he piibliihed “ A Defcription of Tele&opes, 
and fome other inftruments made by R. H. with a 
Poftfeript,” complaining of fome injufticc done him by 
their fecretary Mr. Oldenburg, who published the Phi- 
lofophical Tranfaftiorp, in regard to his invention of 
pendulum watches. This charge drew him into a dif* 
pute with that gentleman, which ended in a declaration 
of the Royal Society in their fecretary’s favour.—Mr. 
Oldeuburg dying in 1677, Mr. Hooke was appointed 
to fupply nis place, and began to take minutes at the 
meeting in Oftober, but did not publiih the Tranf- 
aftions—Soon after this, he grew more referved thaa 
formerly ; and though he read his Cutlerian I.efturea, 
often made experiments, and fiiewed new inventions be¬ 
fore the Royal-Society, yet he feldom left any account 
of them to be entered in their remitters ; defigning, as 
he fo»<T t to publiih them himfelf, which however he 
never performed.—Tn i68fi, when Newton’s work the 
Principia was puhli(hcd, Hooke laid claim to his dif- 
covery concerning the force and aftion of gravity, 
which was warmly rcfented by that great philosopher. 
Hooke, though a great inventor and difeoverer him- 
lclf, was lo envious and ambitious, that he would 
fain have been thought the only man who could invent 
and difeover. This made him often lay claim to the 
inventions and difooveries of other perfons; on which 
occasions however, as well S3 in the prelcnt csfc, the 
thing wax generally carried againll him. 

In the beginning of the year 1687, his brother’s 
daughter, Mrs. Grace Hooke, who had lived with him 
jfavend- years, died: and he was fo affe&cd with grief 
at her death, that he hardly ever recovered it, but was 
obferwd from tbat time to become lefs aftive,- more 
ipelancholy, and more cynical then ever. At the fame 
time, a chancery fuit in which he was cooceraed with 
•Sir John Cutler, 011 account of his falary for reading 
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loan Thus, the Horary motsion of the earth on her 
axis, in^| for, completmgher revolution of i6o\ia 
24 hours, therefore the motion in’one hour will be the 
24th part of 560*, which u 15 degrees. 

■ • HORIZON, in Aftronomy, a great drcle of the 
:|ihere, dividing the world into two parts* or hemp, 
fphere*; the one upper, and vifible ; the other lower, 
and hid. 


tfceritlier point i wiQ rifible Hhrizon ft# 

fce. But if the eye be yMbed higher » at -B, thrtan- 

f eists BH and BtjK wiftreich farther,' and the vifiUa* 
iorizon HOB. will be larger. 

Hie vifible Horizon it moil accurately observed it 
lea, and is therefore fometimes' called the Horizon of 
the fea. In observing tins Horizon, the vifual rays. 
AA and A r will, on acconnt of the curve furftceof toe 


The Horizon is either Rational or Senfihlt. 

Horizon, Rational, True , or Afirowmkeft, called 
alfo fimply and absolutely the Horizon,' is a great cir¬ 
cle having its plane palling through the centre of the 
earth,-aim its poles are the zenith and nadir. Hence 
all the points of the Horizon^ quite around, are at a 
quadrant diftance from the zenith and nadir. Alfo the 
meridian and vertical circles cut the Horizon at right 
angles,-and into two equal parts. 

Horizon, Apparent, Senfible, or Pyille, is a lefler 
circle of the fphere, parallel to the rational Horizon, 
dividing the vifible part of the fphere from the invifible, 
and whofe plane touches the Ipherical Surface of the 
earth. * ' 

The fenfible Horizon is divided into Eallem and 
Witter# | the Eaftern or Ortive being that in which 
the heavenly bodies rife; aftd the Wcftcrn, or Oeci- 
dual, being that in which they Set. 

HOriZon, in Geography, u a circle dividing the vi¬ 
fible part of the earth and heavens from that which is 
invifible. This is peculiarly called Senfible or Appa¬ 
rent Horizon, to aiitinguiih it from the Rational or 
True, which pafTes through the centre of the earth ; 
as already observed. Thefe two Horizons, though 
diftant from one another by the femidiametcr of tne 
earth, wifi appear to coincide when continued to the 
fphere of the fixed ftars; becaufe tjic earth compared 
with this fphere is but a point. 

By Senfible Horizon it alfo often meant a circle 
which determines the fegment of the furface of the 
earth, over which the eye can reach $ called alio the 
Phyfical Horizon. And in this fenfe we fay, a fpa- 
cious Horizon, a narrow or fcanty Horizon, See ; de¬ 
pending chiefly on the height the eye is elevated above 
the earth. 


ice, always point a little below the true fenfible Hori¬ 
zon SS or jEF, and coufequently below the rational 
Horizon TT, which is parallel to it. 

To find the Depreffion of the Hori&on of the fea 
below the true Horizon, which varies with the height 
of the eye, and in- a (mall degree with? the variation of 
the refraftivc power of the atmofphere, fee Drfrrs* 

■ ION. 

As to the right-lined diftance, or tangent EA, it may¬ 
be found thus; as radius : fin. 4 6 : t CA : Ah, 
or thus; as radius t tan. £ Q : : CA : Ah, 
either of which will be nearly the fame as the arc or 
curved diftance DA. Or, without finding the angle C, 
thus; the fquare of Ah is equal to the difference of 
the fquares of C A and CA , i. c. Ah* — C A* — CA* as 

CA + CA x C A — CA = CA + CA X AD, and 

• hence AA = v'cA+CA X AD, which is. alfo equal 
to Ah nearly. 

The diftance on a perfect globe, if the .rifual rays 
came to the eye in a ftxaight line, would be as above 
dated: but by means of the reftaftioa of the atmo- 
fphere, diftant objefts on the Horizon appear higher 
than they really are, or appear lefs 'deprdTcd below the 
true Horizon SS, and may be feen at a greater diftance, 
efpecially on the fea. M. Legendre, in his. Memoir on 
Meafuronents of the Earth, m the Mem. Acad, Sci. 
for the year 1787, fays that, from feveral experiments,, 
he is induced to allow for rdfraftion a 14th part of the 
diftance of the {dace observed, exprefled in degrees and 
minutes of a great circle. Thus* if the diftance be 
14000 toifes, the tefraftiaa wilt be 1000 toifes, equal 
to the 57th part of a degree, or 1' 3". 

Horizon, of the Globe , a bruad wooden circle. See. 
Globs. 



■Bor, it is evident that the higher the eye » plaeed, 
the farther jS the vifible Horizon extended. Thus, if 
(be ffclettA at the height AD above the. earth ; 
4 i«w the two tangent* Ah, A*|wndlet one of thefe 
lines AA, he moved round the point A, and in its re, 
volution always touch the furface of the earth) then 


HORIZONTAL, fomethmg tliat relates to tho. 
Horizon, Or that is taken in the Horizon, or ou a level 
with or parallel to it. Thus, vrC fay, a, Horizontal 
plane, Horizontal line, Horizontal diftance, See. 

Horizontal. Dial, is one drawn on a plane paral¬ 
lel to tlue horizon; having its gnomon or ftyle elevated 
according to the altitude .of the pole of the place it in 
defigned for. 

Horizontal Diftance, is that eiUmated in the dii>- 
reft ion of the horizon. 

Horizontal Line, in Ferfpeftive, is a right line- 
drawn through the principal point, parallel to the ho¬ 
rizon ; or it is the interfeftiou of the Horizontal and 
perfpcftsVe planes, . 

Horizontal Line , or bafe of- a hill, ib- Surveying*, 
& line dnwyn oa,£he Horizontal plane of the..hul, or 
that on.which it (bands.. 

Horizontal. Moon- Set apparent MaqnIYOpe.. 

Horizontal Parallax. SpcPaRAll ax, 

Horizontal Plane, k that Which is parallel to the- 
horizon of the place, or not inclined to it. ’ » 

Horizontal 


ho a 
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Horizontal Pb *. in Pctfreftive. See Plan*.. 
^Horizontal PrytOm . S$e Projection, and 
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eeetre of the fpeculum, above which it finifterln a 
<$twrt, for the cooyeniency of fitting a roller on ifc, 
which Set* it in motion by meant, of a niece of tine 
wound about the roller. 

Various other contrivance* to form artificial horizon*' 
hfcve been invented- by different perfons, a* glafs pl ^t t 
floating on mercury. See. See Hadley’s Quadrant* 
and feyeral invention* of this fort in the Plulof. Traau 
by Elton, Hallejr, Leigh, &c. voL xxxvii, p. *73, vaL 


l 1 P* ece of ordnance, is the 

dtftance at which it fall*, op, or ftrikes the horizon, or 
•n a Horizontal plane, whatever be the angle of eleva¬ 
tion or dire&ion of the piece.- When the piece is 
»»anted parallel to the horizon, the range is tlicn 
thejxiint-viank or point-blanc range. 

, Horizontal range, in the parabolic xxxviii, p. 167, vol. xirp.AJt', 417, &c. 

tei! r /^ l" cuu ° ,, i*‘ 1 “ t r d ; ";; h hoiWo.., ... 
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velocity with which the Ihotis discharged. Thus, a 
fhot being difeharged with the velocity of v feet per 
fecond ; becaufe gravity generates the velocity 2g or 
3 2 r feetin the firit'fecond of time, by falling 16^ or 
& feet, and becaufe the fpaces defeended are as the 

fquarcs of the velocities, therefore as 45* : v* j: g ; — 

the fpace a body muft defeend to acquire the velocity v 
of the /hot or the fpace due to the velocity t> •, confc- 

quently the double of this, or — = — is the jrreateft 

iff 32^- 0 

Horizontal range with the velocity v, or at an elevation 
of 45 degrees; which is nearly half the Square of a 
quarter of the velocity.. 

In other elevations, the Horizontal range is as the 
fine of double-the angle of elevation; fo tlipt, any other 
elevation being e, it will be, 

as radius 1 : fin. 2e :: ; _!1_ x fin. 2r, the range at 

. . 3 2 s ■ 3 *<r 

tlic elevation e, with the velocity v.. 

But in a refilling medium, like the atmofphere, the 
adtual ranges fall lur Ihort of the above theorems, in 
fo much that with the great velocities, the a&ual or 
real ranges may be lefs than the 10th part of the po¬ 
tential ranges; fo thatfomc balls, which a£lually.range 
but a mire or two, would in vacuo range 20 or 30 
miles. And hence alfo -it happens that the elevation 
of the piece, to (hoot fartheft m the refilling medium, 
is always below 45 s , and gradually the more below it 
as the velocity is greater, fo that the greater velocities 
with which balls are difeharged from caiujon with gun¬ 
powder, require an elevation of the gun equal to but 
about 30°, or even lefs. And the lefs the fize. of the 
halls js too, the lefs muft this angle of elevation be, to 
{hoot the fartheft with a given velocity. Sec Projec¬ 
tile, and Gunnery. 

Horizontal Rc / rafficr .. See Retraction.. 

Horizontal Speculum , one tu find a hoiizon at 
Sea, fee, when the atmofphere is hazy near the hori¬ 
zon, by which the light of it i» prevented. 

A fpeculum of this kind was invented by a Mr. Ser- 
fon,.on the principle of a top fpinning, which always 
keeps its upright pofition, notwith/landing tire motion 
of the fobftance it fpins upon. This curious inilru- 
ment, as it has fince been improved by Mr. Smeaton, 
confifts of a well polilhed metal fpeculum, of about 3 
Indies arid a half in diameter, inch fed within a circular 
»»m of brafa; fo fitted that the centre of gravity of 
the whole (hall fall near the point on which it fpins. 
This is the cad of a fled axis running through the 


tin, baftion, or other place, fofpedled to be weaker 
than the reft; as alfo to poffe/s a height; carrying iq 
the fore-part, or head, two demi-baitions, refembung 
horns: tlrefe horns, epaulments, or ftioulderinga, being 
joined by a curtin, ihut up pa tj^e fide by two wings, 
parallel to one another, are terminated at the gorge of 
the work, and lb prefent therafelves to the enemy. 

. HOLOGRAPHY, the art of making or conftma- 
ing dials; called alfo. Dialling, Horologiography, Gno- 
monica, Sciathcrica, Photofciatlierica, Sc c. 

_ HOROLOGIUM, a common, name, among an¬ 
cient writers, for any inftriimetit or machine for area- 
furing the hours. Sec Clock, Watch,. Svn-Djal, 
Chronometer, Clepsydra, dec. 

HOROMETRY, the art of meafuring or dividing 
time by hours, and.keeping the. account of time. 



HOROPTER, in Optics, is. a right 4 ine drawn, 
through the point where the two optic axes meet, pa¬ 
rallel to that which joins the centres of the two eyes, 
or the two pupils. As the line AB drawn through C 
the point of coneour-fe of the qptic axes of the eyes, 
and parallel to HI joining the centres of the eyes.— 
This line is called the Horopter, becaufe it is found to 
be the limit of diftinlt vifion. It has foveral proper¬ 
ties in Optics, which are deferibed at large in Aguulo- 
niua. Opt. lib. 2, diTs. 10. ' 

HOROSCOPE, in. Aftrology, is the afeendant or 
firft houfe, being that part of the zodiac which is .juft 
rifing in the eaftern fide of the horizon at any propofed 
time, when a feheme is to.be let or calculated, or a pre¬ 
diction made of any event. See Ascendant. 

Horoscope is alfo ufed fora febeme or figure of thfe 
iz.celeftial houfes j i. e. the 12 figns of,thp zodiat, in 
which is marked the dilpoGtipn of the. heavens for 
any given time. Thus it is faid, To draw or coaftmft 
a Horofoope or feheme,, 2cc-. And it is more peculiarly 

called,. 
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CsAeulatinga nativity wii f c k s Efomd fanw 

£u#*rHo*08Cf>1NK, fetthe pOMI* «)KWKMMt iffbCSBUk 
of, when the fun is in the afeeadiiig .point ofthe enft<j 
•mi in nlfo aJh l t he Part if Fortune. 

ffcaoscore was alfo a mathetnaticrtfo&runietit, 
in manner of • pkiHfphere * but now Chafed. It «m 
mvented by J* rnduanus, who wrote a fpecfol tneatife 
HfOni it 

HORROR «f a Voenmo, an imaginary principle 
among the more ancient philofbphers, to which they 
aferibed the afoeot of water in pumps, and uthe> fitrn- 
tar phenomena, which are now known to he occasioned 
iby the weight of the air. 

KORAOX (JaaBwiAtt), an eminent English aftro* 
nomer, vn born at Toxteth in Lancsihii*, about the 

K ir-161-9. From a, grammar fchooi in the country, 
was Sent to Cambridge, where he Spent: Some time 
in academical Studies. About 1633 he began to apply 
himfelf to the Study of aftttmomy: but living at that 
tHnewith.hu father at Toxteth, m very moderate cir¬ 
cumstances, and being destitute of books mid other af* 
.fiflfauces for fueh fthmes, he could not make any consi¬ 
derable progrcfs n it. About the year 1636, he 
formed an- acquaintance with Mr. WiUfom Crabtree, 
of Broughton near Manchester, whb was engaged in 
the Arne Studies, with wham a mutual eorrefpondence 
was earned cm till bis death; Sometimes communicat¬ 
ing their improvements to Mr. Samuel Folter, profeSTor 
01geometry at Grelham College in London. Having 
now obtained a companion in his ffudica, Mr. Horrox 
ailumed new vigour, procured other instruments and 
jippks, and was purfuing his Itudies and obfervations 
with great affiduity, when he was Suddenly cut-off by 
death, the 3d of January 1640, in the 22d year of his 
age. 

What we have of his writings is ftdficient to Shew 
how great a lofs the world had by his death. He had 
jilSl finished his finitu in Sole vi/a, 1639, a little before, 
as appears by fome of the letters to his friend Mr. 
Crabtree, by which alfo if appears that he made his 
obfervations on that phenomenon at Hool near Liver¬ 
pool. This trad, or Venus feen in the Sun, was pub¬ 
lished at Dantzick in 1668, by Hevelius, together 
with liie own MtrcMu in Sole vijht May 3, 1661. 
His other pofthutnotts . works, or rather his imperfert 
papers, were published by Dr. Wallis, in 1(73, 410, 
with fome account of his life? in which we find he 
firlt a Herts and promotes the Keplerian aftronomy 
againft the hypothecs of LanSberg; which he proves 
to be foconfiftent with itfelf, and neitlier agreeing with 
•obfervations nor theory. He likewise - reafons very 
juftly concerning the edeftial bodies and their motions, 
vindicates Tycho,Brahe from fome objections made to 
'his hyp- ihens, and gives a new theory of the moon : 
to which are added the Lunar Numbers of Mr. Flam* 
Reed. There are alfo extra&s from fcveral letters be¬ 
tween him and Mr. Crabtree, upon various agronomi¬ 
cal fubjc&s 1 wkh- a catalogue of aftrenomkal obfer- 
Vatidhs. ' t .f 

There are two things particularly which will perpe¬ 
tuate the memory qf this very extraordinary young man. 
The hue is, tbat he was die ftrft that ever predicted or 
fow thejplaoet Venus in tjkt fun | far are do not fold 

t- • a 


that'may .prtfoaapMttM\^hifoSUf aodlfov€»fottee, 
four fanfold forts it pfofobqnfoNAc':' Thonghcke eras not 

apprifed of the great trie foM was to be made of it,'II 
dacovsrmg rtm pwrtfok fort* fofortce of the fra and 
pfenets, yet We mrte fran, kntray uftfulobfervaticms, 
carreAiena, and amjHwvemeM* in thetheofybf the mo¬ 
tions of'Veitui.— bcondfy, hit New Theory of Lunar 
Motion*, which NewtwnMnfeif made the gioemd work 
of all his aitronomy, relative to the moon, who always 
fpofceofoor author aS-ngenfos of tbeftft rank. 

HORSE-Sno*,' k» rortifiaatiort, is a work feme- 
times of a round, fonwtimM of an oval figure, inclofcd 
with a parapet, raffed in the ditch of a matfhy place, 
or-in low groundsy fometfoies alfo to' cover a gate; 
or to ferve as a lodgment for foldiers, to prevent fur- 
prifes, or relieve alt over-tedious defence. 

HOSPITAL, or HtmTAL ^Wttt-iAH-FaAKCis- 
Akthowy*, marquis of), a celebrated French mathe¬ 
matician, was horn of an ancient family in 1661. He 
was a mathematician alfnoft" from his infancy; for 
befog one day at the duke of Rohan's, where fome 
able mathematicians were fpeakfog of a problem of 
Fafcal’s, which appeared to them very difficult, lie 
ventured to fay, that he believed he could refolve it. 
They were furprifed at fuch preemption in a boy of 
15, for he was then no more ; however, in a few days 
he fent them the folntion. 

M. l'Hofpital entered early into the army, and was a 
captain of horfe j but being very (hort-fighted, and on 
that account expofed to perpetual inconveniences and 
errors, he at length quitted the army, and applied liim- 
felf entirely to his fovouiite amufement.—He contra&ed 
a frlendihtp with Malbranche, and took his opinion 
upon all occafions.—In 1699 he was received an nono- 
memberof the Academy ofSciences at Psris. 
e was' tlte firft perfon in France who wrote upon 
Newton’s aitalyfia, and on this account was regarded ab 
moft as a prodigy. His work was entitled PAnedyfe 
ties Inf mount Petite , 1696. He engaged afterwards m 
another mathematical work, in which lie included Lee 
Seftims Coniqaet, let J.ieux Gcimetrbjaee, In Conjlnetfion 
dee Equations, ft um Tkecrit dee Courbet Mtehaniqurt; 
but, a Mttte before be had finifhed it he was feixed with 
a fever, which carried him off, the zd of February 
1704, at 43 yearn of age. The work was published 
after his death, viz, in 1707. There are alfo fix-of hia 
pieces inferted in different volumes of the Memoirs of 
the Academy of Sciences. 

■ HOUR, in Chronology, an ah'qnot part of a natural 
day, ufually the 24th, but fometitnesa nth part. With 
us, it is the 24th part of the earth's diurnal rotation, 
or the time from noon- to noon, and therefore it an- 
fwers to iy degrees of the whole circle of longitude, 
or of 3<5 o°. THie hour is divided by 6oths, viz, firft 
into 60 minutes, then each minute into 60 fcconds, 
&c. 

The divifion off the day into Hours is very ancient j 
as is {hewn by Kircher, Oedip. ^gypt. tom. 2, par.-2, 
claf* 7, cap, 8. The moft ancient Fx-ur is that of'the 
12th part of the day. Herodotus, lib. 2, ohferves, 
that the Greeks learnt from the E g y ptia ns , among 
other things, the method of dfoditg tlie day into 12 
parts. ' And the aftronomers of Ctthaya, flee, ftill re* 
tain Iknrdivifipn. *» . ... 

The 
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. Ti-dl.ikm of die 4 w W u kin, m on 
snowa to vt Kbrntsi before the Punic wr Tffl 
»h«t time Aey wbnpM their-£^*£ rifi^ 
•nd letting of the fun. They divided the la hours «rf 
Mte»r day ihto four} viz. Prime, which commenced at 
6 o’clock, Third at 9 , Sixth «t 12, and None at 3. 
a hey auo divided the night into four watches, each 
containing $ Hours. 

• There are various -kinds of Hours, fifed by ehrono- 
logert, aftronomers, dialifts, &c. Sometimes too, 

Hours are divided into Equal and Unequal. 

Efual Hours, are the a 4th parts of adayaudaight 
preclfely ; that is, the time in which the 15 degrees of 
the equator pafs tiie meridian. Theft me alio called 
Equinoctial Hours, becaufe meafured on the equi¬ 
noctials and Agronomical, becaufe ufed by aftronomers. 

AjkroM+wal Hours, are equal Honrs, reckoned 
from noon to noon, in a continued feries of 24. 

Bafaknyh Hours, are'equal Hours, reckoned from 
fun-rite in a continued feries of 24. 

European Hours, ufed in civil computation, are 
equal Hours, reckoned from midnight ; la from 
thence till noon, and 12 more from noon tdl .midnight. 

Jewifit or Planetary, or Aadmt Hours, are MUth 
parts of the artificial day and night. They are called 
Ancient or Jcwilh Hours, becaufe ufed by the ancients, 
and ft ill among the Jews. They ate called Planetary 
Hours, becaufe the aftrologers pretend, that a new 
planet conies to predominate every Hour; said that 
the day takes its denomination from that which pre¬ 
dominates the firft Hour of it s as Monday from the 
inoon, &c. 

Italian Hours, are equal House, reckoned from fen- 
fet, iu a continued feries of 24. 

Unequal or Temporary Hours, are I2th mutt* of tbs 
artificial day and night. The obliquity of the Iphere 
renders thefe.more or lefs unequal at different tunes) 
fd that they only agree .with the equal Hours at the 
times of the equinoxes. 

Hour -Circles, or H o* A R y - Circlet, are 1 great Circles, 
meeting in the poles of the globe or world, and crofting 
the cquiao&ial or equator at right angles; the feme as 
meridians. They are fuppofed to be drawn through 
•very l^th degree of. the cquino&ial and equator, each 
anfweriag to an hour, and dividing them into 24 c S ua ^ 
parts; and on both globes they are fupplied by the 
meridian Hour-circle and index. '■ 

Houa-Gfe/ir, a popular kind of chronometer or clep- 
fydea, fencing to mealuretune by die defeent ar running 
of feud, water, flee, out of one gJafa veffel into another. 
—The beft, it is feid, are fuch as, inftcad of fend, have 
egg-fhells, well dried in the oven, then beaten fine and 
lifted. 

Hour -Linet, on a Dial, arc lines which arife from 
the. i&tcsfc&ions of the phiic of tlie DU> with the 
feveral. planes of the Hour-circles of the fphere ; and 
therefore muft be all right lines on a plane D»L 

Houn^Sealt, a divided line on the edge of Colbns s 
quadrant, being only two lines of tangents of 44 degrees 
each, fet together in the middle. ItB «fe« together 
with the lfete-of latitude, is to draw tlx; Hour-lmes of 
Dkla that, have centres, by means of an equilateral 

triawde. drawn on the dial-planctt. ^ . 

HOWITZ, or How*xxsa, in.ArtilIery» 2-ksnft of 


w*»»r, or femctfciqg between 2. cannon uui 
partaking of the nature qf both, being other-a eery 
workjgun or a long mortar. It is of German invention* 
and jis mounted upon Acafriage like a travelling gun- 
carriage, with its tnuaiiioqa.p&ncd nearly in the ariqdk* 
The Hwwitz is pan of’the noft nfeful kinds of ord¬ 
nance, as it can be employed occafioaofty either as f 
cannon or mortar, difehargmg either feeds or grape feat, 
as weD as balls, and fo ebiag great execution. They 
aveeife very eafily travelled about front plade to place. 

HUMIDITY* or moifture, thepoWer or quality 
of wetting or moift ettfeg other bodies,-and adbenag to- 
them. ~ ;; - 

Fluids are moift to feme bodies, and>itotto otlnfrl- 
Thus, quickfilver is not moift in refpv&t© oov hands 
or clothes, and other things,: which it will not ftack'tof . 
but it may be called'Humad in reference to oeld, tin, 
or lead, to the faifeces of which it wiU pretently ad¬ 
here, mid render them- feft and moift. Even water 
itfelf, which wets abnoft every thing, and it the’ great 
iiandard of moifture and Humidity, .is not capable of ! 
wetting all things t for it ftandt or runs off in globular 
drops Jramany thing-grrafed or oiled, ar the leaves of 
cabbages, and many other planets-} and it will not 
wet -the feathers of ducks, geefe, feraus, add-other 
water-fowl. 

HUNDRED, the number of ten times tea, or the 
fquane of 20. The place of Hundreds makes the 
third in order in the Arabic or modern numerations, 
being denoted thus too. In the Roman notation it 
is denoted by the letter C, being the initial of. its 
name. Centum. 

Hundred Weight, or the great Hundred, contains.. 
112 pounds weight. It is feboivided into 4 quartets, . 
and each quarter into 28 lbs. 

HURTERS, in Fortification, denote pieces of tim¬ 
ber, about 6 inches {quart, placed at the fewer end of 
the platform, next to the parapet, to prevent the wheels 
of the gun-carriages from damaging the parapet. 

HUYGENS (Christian), a very eminent aftrono- 
mer and mathematician, was borti at the Hague i»» 
Holland, in 1629, being the fen of Codftantifle Huy¬ 
gens, lord of Znylichem, who had ferved.thittefueceffivu 

J irinces of Orange in the quality of fecretary. He 
pent his whole life in cultivating, the mathematics; 
and not in the fpeculative way only, but alfe in mak¬ 
ing them fuhfervient to the utes of life. Frdm his in¬ 
fancy he difeov«i«d an extraordinary fondhefs for the 
mathematics; in a (host time made a jgreat progr-efs in 
them ; and perfected hhnfelf in thofe ftudieauruterpro- 
feffor Schooten, at Leyden. In 1649 he Went to 
Holftein and Deumnrk, in the retinue of Henry count 
of Naftau; and was extremely defirous of going to 


Sweden,, to vtfit Des Cartes who was then in ttat 
country with rite queen Chriftina, but the count’s fecit 
ftay in Denmark would notpetmithiia.——lu 1651 he gave 
the world a fperimen of his genius fee mathematics, in 
a treatife intitled, Thmretfatto A S&nAtAtr+HyperMtt, 
EUipfie, & CircnJi, ex data Por th t mm Qntvitatit Centroj 
in which he clearly fhewed-' what might be expected 
from him afterwards.—In l<Hj & traviBed into 
France, and took the degree of LL.&. at-Angers*-— 
In 16$£ he pubiifhsd h» Horehsivm &fcillateriMm t jrwr 
A Meta AmUorumt ftc,< «t the Hsgtfe. ■ He !-«cPex*' 

hibited 
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halted in * former wbifc,jntidedjj Bnvit In/fhvtw dr 
Ufa Horotogiorum ad inwniendat^Lot^gtfu^iie: a tttpdel 
Of « 


ot a new invented penduSum; but as fame perfons, en¬ 
vious of his reputation, vri^M»urihg‘ to deprive him of 
the honour of the invention, lie wrote this book to ex¬ 
plain ?hecouttru<^ionof it s .and to Ihew'that it was 
very dHfarent from the pendulum of aftroftomers in¬ 
vented by Galileo.—-In i6?9 he puWifced his Svflmn 
Satumintm, fee j il which heftrfc of any one explained 
the ring of Saturn, and difeovered alio Oneofthe fateL 
IkmWkmging. to that planet, which hadhitherto efcaped 
the eyes of aftronomers: *ew difeoveries, made with 
glades of his own forming, which gained him a high 
rank among the aftronomers of his time. 

. In 1660, he took a fecond journey into France, and 
the year after palled over into England, where he com¬ 
municated his art ofpoliihing glafle* for tctefcopes, and 
was made Fellow of the Royal Society. About this 
time the air-pump was invented, which received confi- 
derable improvements from him. This year «lfo he dif- 
covered the laws of the collifion of elaftic bodies; as 
did alfo about this time Wallis and Wren, With whom 
he had a difpute about the honour of this difeovery. 
Upon his retam to France, in 1663, the minifter Col¬ 
bert, being informed of his great merit, fettled a consi¬ 
derable penfion upon him, to engage him to fix at 
Paris } to which Mr. Huygens contested, and ftaid 
there from the year 1666 to 1681, where he was ad¬ 
mitted a member of the Academy of Sciences. All 
this time he (pent in mathematical purfuits, wrote Ce¬ 
tera! books, which were publtlhed from time to time, 
and invented and perfected feveral ufeful inftruments 
and machines: particularly kt had a difpute, about the 
year 1668, with Mr. James Gregory, concerning the 
Quadrature of the Circle and Hypeihola of the latteiv 
then juft publifhed, in which Huygens it feems had the 
better fide of the queftion. But continual application 
gradually impaired his health $ and though he had 
vifited his native country twice, via, in 1670 and 1675, 
for the recovery of it, he was now obliged to betake 
htmfelf to it altogether. Accordingly he left Paris in 
*681,' and retired to his own country, where lie fpent 
the remainder of his life in the fame purfuits and em¬ 
ployments. He died at the Hague, June 8, 1695, in the 
67th year of his age, while his Cofmotbearot, or treatife 
concerning a plurality of worlds, was printing; fo that 
this work did not appear til! 1698. 

Mr. Huygens loved a quiet and ftudiout manner of 
life, and. frequently retired into the country to avoid 
interruption, but did not con trad that morofenels 
which » fo commonly the effed of folitude and" retire¬ 
ment- He was one of the pureft and moil ingenious 
mathematicians of his age, and. indeed of any other; 
and made many valuable difeoveries. He was the firft 
who difeovered Saturn's ring, and a third fateHite of 
that planet, as mentioned above'. He invented the 
means of rendering clocks exad, by applying the pen¬ 
dulum, and of rendering all its vibrations equal, by 
the cycloid; He brought tekfcopcs to perfedion, and 
made many other ufeful difeoveries. 

He was the author of many excellent works. The 
principal of thefe Ire now contained in two collec¬ 
tions, of z volumes each, printed in 4*0, under the care 
of profeflbr Gravefandc. The firft was at Leyden 



in i68z, under the title ofQieraVaria, 5 aid the feoftnd 
at Amfterdarh, 'in iftjfafrtf. .V 1 '*’'-'' 

- HYATOS, d'cjip; #hr ftarn 
codfteUatiori Taurns,'<nr the Bull.,> 

’ HYALOIDESithe vitreous hirmpnr of the eye 
cbltained bttWcen thfc tutuca-retina aid the uvea. 

HYBERNAL OttuUnf. See Qceifau. 

Hybkrnal Orient. See Orient. 

HYDATOIDES, the witery humbtir of the eye 
contained between the Cornea and the urea. 

HYDRA,-a fotithern conftelktion, confiding of a 
number of wars, imagined to represent a water fer- 

mi A. i !_ Jc. ; t T 1 !_ -r*. 

pen 
low 

lius’i , 

HYDRAULICS, the feience of~tlie motion of 
water and other fluids, with its. application hi artificial 
water-works of all forts..—As to what refyefts merely 
the equilibrium of' fluids, or their gravitation or' 
adlion at reft, belongs to Hydroftatic*. Upon remov¬ 
ing or deftroying that equilibrium, motion enfues 5 
and here Hydraulics commence. Hydraulics therefore 
fuppdfe Hydroftatic*; and many writers, from the 
near relation between them, like mechanics and ftattes, 
join the two together, and treat of them conjointly as 
one fcience. 

The laws of Hydraulics are given under the word 
Fluid. And the art of railing water, with the feveral 
machines employed for that purpofe, are defertbed 
under their feveral names, Fountain, Hydrocanifterium 
Pump, Siphon, Syringe, St c. 

The principal writers who have cultivated and im* 
proved ^Hydraulics and Hydroftatic*, are Archimedes, 
in his Libris de Infidentibus Htunide ; Herp of Alexan¬ 
dria, in his Liber Spiritualium; Marinus Ghetaldus, 
in his Archimedes promotus; Mr. Oughtred; Jo. 
Ceva, in his Geometria Motus; Jo. Bap. Baltanus, 
De Motu Natural! Gravium, Solidorum et Uquido- 
rum; Mariotte, in his .treatife of the Motion of Water 
and other fluids $ Boyle, in his Hydroftatical Para- 



Dechalcs; Newton, in his Principia; Gulielmeni, in 
his Mcnfura Aquarum Fluentium ; Herman ; Wolfius j 
Gravefandc ; Muflchenbroek j Leopold; Schottus, in 
his Mechanics Hydraulmo-Paeumatica; Geo. Andr. 
Bockler, in his Architeftura Curiofa Germanics; 
Auguft. Rammflleia* Lucas Antonius Portias; Stur- 
my, in his treatife on the Conftru&fon of Mills; 
Switzer's Hydroftatic* ; Varignon, in die Mem. Acad. 
Sci.; Turin t Belidor; Bernoulli; Defaguliers j Clare; 
Emerton; Fergufon; Ximenes; Boffu ; D’Alembert; 

Bust; &C, &IC. 

HYDRAULICO-Pkxvihatical, a term applied 
by fome authors to fuch engines as raife water by 
means of the weight or fpring of the air. 

HYDROGRAPHICAL Charu or JKmr, more 
ufually called fea-cbsrts, ire projections of u>me part 
of (he fea, or coaft, for (he line of navigatum- 
Xa thefe are laid down' all the rhumbs os points of 
the compile, the meridians, parallels, St c, with the 
coafts, capes, iflands, rocks, (hosts; (hallows, ftc, in 
their proper places, and proportions. 

The 
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mdkiiig tad felling thefc chart* mm for tome 
4 |tee the employment ofColurabus, the firftdifcovercr 
«, Aaserica. The ftary son, that httpaige to be 
**tf to the memoir* ana journal* of one Alosto 
Sanchez de Huelva, a noted pilot and captain of a 
(hip, who-by chance had been driven by a ftorm to 
the ifland of St> Domingo, and dying at Columbus’* 
houfefoon after hi* return, this gave Columbus the 
firlt hint to attempt a difeovery of the Weft Indie*. 

For the conftruftion and ule oft the fevcral kind* 
of Hydrographical Map*, fee Chart, and Sailing. 

HYDROLOGY, u that part of natural hiftory 
Which examine* and explain* tue nature and propertiea 
of water in general. 

HYDROmANCY, the aft or 'art of divining or 
foretelling future events by means of water. 

This is one of the four general kinds of divination: 
the other three refpefting the other elements, fire, air, 
and earth, are denominated rcfpeftively pyromancy, 
acromancy, and gcomancy. 

Varro mentions the Ptrfians as tlic firil inventors of 
Hydromancy, adding, that Numa PompOius and Py¬ 
thagoras made ufe ofit. ( 

The writers on optics furnifh us with divers Hydro- 
mantle machines, veiTcls, &c. For example, 

To conftruft an Hydromantic machine, by means 
of which an image or objeft {hall be removed out of 
the fight of the fpeftator, and reftored again at plea¬ 
sure, without altering the pofition, either of the one or 
the other. Provide two veffel*, ABF, CGLK (Plate 
12, fig. 3), the uppermoft filled with water, and fup- 

J iorted by -three little pillars, one of which BC is hol- 
ow, ana furniihed with a cock B. Let the lower 
veffel CL he divided by a partition HI into two parts, 
the lower of which fnay he opened or clofed by 
means of a cock at P. Upon tlie partition place an 
objeft, or image, which the fpeftator at O cannot fee 
by a direft ray GL. 

If now the cock B be opened, the water defend¬ 
ing into the cavity Cl, the ray GL will be refrafted 
from the perpendicular GR to O ; fo that the fpefta¬ 
tor will now fee the objeft by the refrafted ray OG. 
And again, (hutting the cock B, and opening the other 
P, the water will defeend into the lower cavity HL 5 
where, the refi aftion cqafing, no rays will now come 
from the objeft to the eye: but upon (hutting the cock 
P, and opening the otner B, the water will fill the 
cavity again, and bring the objeft in fight of O afrefli.^ 
To make an Hydromantic veil'd, which (hall exhi¬ 
bit the images of external objefts as if fwimming in 
water. Pro\ ide a cylindrical veffel ABCD (fig* 4* 
pL 1 4 .) divided into two cavities by a glafs EF, not 
perfeftly policed: in G apply a lens convex on both 
tides; and in H incline a plane mirror, of an elliptic 
figure, to an angle of 45 degrees; and let IH and HU 
be fomething Id’s than the diftancc of the focus of 
the lens G ; fo that the pipes’of the images of an ob- 
jeft radiating through the fame may fall within the 
cavity of the upper veffd : let the inner cavity be black¬ 
ed, and the upper filled with dear water.—If now the 
veffd Vt difpofed in a dark place, fo as the kns .be 
turned towards an objeft* illuminated by the fun, its 
image will be. fecn as fwimming in the water. 

HYDROMETER, an iuJlrumcnt for meafunng 

Vol. I. 


the properties ud«feftt ofwater, irft» d^iifitV.flit 
▼tty, fence, velocity, fcc. # tT 

That with which tbe fpecific gntvity off watarnnte 
termined, is often called a* ae r om e te r , or wotar 
The general prindpk oa whidr At ma&fy&Uli 
and ufe of the Hydrometer depends, be* bets luftrate# 
under the article Sptd {ft GxAVtTY ; when ft is {hew* 
that a body f ~cificalfy lighter than fcvend fluid*, wBt 
ferve to find out their fpccific gravities; becaufc it vriX 
fink deepeft in thefhudswlwfeipe ^:e g rav ity is thelcaft, 
80 if AB (fig. 5, pi. tz) be a lmall even glafs tube; her¬ 
metically fealed, having a fcale of equal dfvifion* marked 
upon it, with a hollow bail of about an huftt in dhf- 
meter at bottom, and a fmalkr baft C ‘ under ft, com¬ 
municating with the firft; into the little baft l^put 
mercury or fmallihot, before the tube is fealed, fo that 
it may fink in water below the ball, and float or {land 
uprignt, the divifions on the item (hewing how for it 
finks—If this inftrument bfc dipped in common water, 
and fink to-D, it will fink only to fome lower point £ 
in fak water; but in port wine it will fink to‘fame 
higher point F, and in brandy perhaps to B. 

It is evident that an Hydrometer of this kind wift 
only ihew that one liquid is fpecifically heavier than 
another; but the true fpccific weight of any liquid 1 
cannot be determined without a calculation for thla 
particular inftrument, the tube of which (hould be truly 
cylindrical. Befides, thefe inftruments will not ferve 
for fiuids whofe densities are much different. 

Mr. Clarke conftrufted a new Hydrometer, (hewing 
whether any fpirits be proof, or above or below broor, 
and - in what degree. This inftrument was-made df| 
ball of copper (becaufe ivory imbibes fpirituou* ltqtiors* 
and glafs is apt to break), to*which is foldered * brafs 
wire about a quarter of an inch thick; upon this wife 
is marked the point to which it exaftly fiftk* in proof 
fpirits; as alfo two other marks, one above and on 4 
below the former, exaftly anfwering to one-tenth abort 
proof aud one-tenth below proof. There are alfo 4 
number of fmall weights made to add to ft, fo KS‘ tt 
anfwcr to the other degree* of ftrength befides thofe 
above, and for determining the ipecific ’gravities iff 
different fiuids. Philof. Tranf. Abr.vol.vi, p. j«6. • 
Dr. Defagulicrs contrived an Hydrometer for de¬ 
termining the fpecific gravities of diSerent watets, ft 
fuch a degree of nicety, that it would fliew when 6nt 
kind of water was but the 40,cooth part heavier that 
another. It confifts of a hollow i'lalsbaU of about 3 
inches in diameter, charged with mot to a proper de 
gree, and having fixed in it a long and tnry Sender 
wire, of only the 40th part of an inch in aiametbty 
and divided into tenths of inches, each tenth aafwenng 
to the 40,000th part; as above. See his Exper. PhiloC 
vol. 2, p. 234. ’ 

Mr. Quin and other perfon* have alfo conftrufted 
Hydrometers, with other and various contrivance*; 
and with different degree* of accuracy; but all near*, 
ly on the (tune general principle*. 

But there i* one circumftance which deferve* partfci*. 
lar attention in the conftruftion and graduation of Hy¬ 
drometer*, for determining the precue ftrength of dfe 
ferent' brandies, and other fpirituou* liquors. Mr 
R eaumur difeovered, in making his (pint thermome¬ 
ter*, that when rc&ificd fpirit and water, or phkgitt, 
4I *« 
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% . *f kto*fo «re mused to¬ 

gether, there appears to he a saMtipffswiBirtaian mf the 
L%fW*«* »ft totoriy j uctapofttaM of parts; lb 
j*rt.of t}w A«i 4 J«m».<*hc received wto 

Mflqf tjw other,* by which,.ft Jhffsaiia, that if 
,,of #t$pfkd Hint be added to It pint of water, 
xturesrill -bp fimfibjf kftthan aqguart. The va¬ 
riations hence paodaesd saddle balk, of .the .mined fluid 

lathe utfustl 

W hw equal diyifioaft facnrosuMu*, cks&kc «f its 
4 bccaufc the Specific gravity of the compound 
isfoundnotto dpmfpond to the mean gravity of the 
two fc infrediaats. M. Moutigay coafbru&ed a leak 
far tbit ktftnmtat in the manner before fuggefted by 
0 r. Lewis, jut ,. a&ual ofiftnratsoa of the unking or 
citing of the Hydrometer in various mixtures of ako- 
hql, and .smter, made ia certaia known proportions. 
Hit. del*Acad. Roy. desSci. i7£g; alfo Neumann*! 
Chop, by Lewis, p. 450, note r. 

M*. De Lae has lately pubRftied a fcheme for die 
conftruftion of * comparable Hydrometer^ fo that a 
workman, after having oan&ru&ed one upon hit pria- 
Cspke, may make att others fuaihnr to each other, and 
«v^pabk Vindicating the lame degree on the fcale, when 
UMBCrfied in the fane liquor of ok ftme temperature. 
This iaftmment is propofcd to be oontarufted of a ball 
of flint .gjbds, communicating with a fmall hollow cylin- 
dfj containing fuch a quantity of quickfilver tor a 
baUaft, that the inftrumrnt may fink nearly to the top, 
ia the lnaft fpirituous liquor, made as hot as poffible; 
to .which is .alfo attached <a thin filmed.tube, for 
* fctk, flee. The whole defeription may be feen at 
hffieis the Philof. Tranf.voL 68, p. 500, 

Sf. LcRoi alfo published a psjufiu for conftru&ing 
ooaspambk Hydrometers. See Hift. de 1 ’Acad. des 
ficka. for. 1.770, Mem. 7. 

, HYDROMET&IA, Htorometry, the menfara- 
(ioa of prater and other fluid bodies, their gravity, 
facts velocity, quantity, dec ; including both hydrofta- 
xtes and hydraulics. 

RYDaOSCOPE) an tnflnment anciently ufed for 
thejorasfime of time. It was a kind of water-clock, 
c onft j Hqg wf a cylindrical tube, conical at bottom : the 
cylinder was graduated with divtfioni, to which the 
top of the water becoming fucceffivcly contiguous, as 
it trickled out of the vertex of the cone, pointed out 
fae boor* 

HYDROSTATIC AL Balone*, a kind of balance 
■•thrived, for the aid and eafy finding the fpecific 
ftovrties -of bodies, both fohd and fluid, and -thereby 
•f eftimstsag the degree of purity of bodies of all 
kind s, with .rise quality and nohneft of metals, ores, 
minerals, Ac, and the proportions in any mixture, adul¬ 
teration, or the like. 

Thai is cffeSed by weighing the body both in wa¬ 
ter, or other fluid, and ont of it % and for this purpofc 
one qf the fades has ufually a hook at the bottom, for 
fufpeoding the body by fome my fine thread And 
faewkof the iaftrameot is founded on this theorem 
oCIfLrabsmedca, that any body weighed in water, lofts 
as much, of its weight as is equal to the weight of t he 
fane bulk of the water. " Thus then is known the pro- 
portion of the fpecific g raviti e s oftbc folid and fl u i d , or 

*'• ’ the fame balk, 


win, the pBopottkrd oftbfe wckjhfeafthe boflywaUhed 
wutafwatstvta rtm sMB i i tow wj a la a t faft m t aaflftl 

weight in water. Henceaifahy doing tke faaeflhil# 
forfcvernl dificraftt .fotids,vHth die tome fluid, tor dif¬ 
ferent fluids with the tome folid, all their fpedfiegns* 
vities become known. • ■ • 

Hie iqftrumeat needs, but little deferiptiosu AB h 



a aloe balance beam, with its feales C and D, turning 
witli the fmall part of a grain, the one of them, D, 
having a hook in the bottom, to receive the loop of a 
horfe hair &c, E, by which the body F is fufoended. 
GH is a jar of water, in which the body is immerfrd 
when weighing. 

The pieces in the fcale C denote the weight of the 
botiy out of water} then, upon immerging it, put weights 
* n ~*e fcale D to reftore the balance again, and they 
will (hew the Specific gravity of the body. 

There have been various kinds of the Hydroft tried 
balance, and improvements made on it, by different 
perfons. Thus, Dr. Defaguliers fct three ferews in the 
tnc Aasd, to move any fide higher or lower, 
tm the ftem be quite uprkht, which u known by a 
plummet hanging over a fixed point in the pedeftaL 
Defag. Exp. rhflof. vol. 2, p. 106. And for fundry- 
other conttruftions of this initrument, defigned for 
greater accuracy than the common fort, fee Martin’s 
Phd. Britan, or Gravcfande’s Phyfiees Ekm. Math, 
tom. 1, hb. cap. 3, &c. 

Hie fpeafic gravities of final! weights mar be de. 
termined by fufpending them in loops of horfc hair, or 
fine filken threads, to the hook at the bottom of the 
fcale. Thns, if a guinea fuipended in afr weigh tap 
grains, and upon being immerfed in water require 
greks to be put in the leak over It, to reftore the 
equilibrium j we thus find that a quantity of water of 
cquaHndk with the guinea, weighs 7* grains, or 7*2 f 
therefore dividing the 129 by the 7*2, the quotient 
17*88 fltews that the guinea is fo many rimes heavier 
than Its bulk of water. Whence, if any piece of gold 
^ a 7 weighing, it firfl in air, then in water, ■ 

and if, upon dividing the weight in air by the lofs ia 
water, the quotient be M*8t, the gold is good s if the 
quotientbe 1 8 or more, the gold is more fine} but if it 
be left than 17*88, the gol«Ti| too much alloyed with 
other metaL If fiber be tried in the .fame manner, 
and fotmd to be-u times heavier than water, it is very 
■■**/«.* *» io| times heavier, it is ftandard} but if 
lefait is mixed with fome lighter metal, fuch as tin. 

When U»e body, whofe fpecific gravity is fought, is , 
fighter than water, fbthar it wffl not quite fink; anpex 

* -to 
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fla&a piece of another tody heavier than water* So t>w 
the male ®«p^mded': of the tm may fiak together. 
Weigh the dcnfer body, tad the compound mafs, fe- 
parately, both in water and out of it, thereby finding 
hojf much each lofea in water j and fubtrad die lets 
•f ihefc two lofiea from the greater; then fey. 

As the remainder 

it to the weight of the light body in air, 
fo is the fpecific gravity of water 
to the fpecific gravity of the light body. 

HYDROSTATICAL Bellows, a machine for 
(hewing the upward preiTure of fluids 
dnd the Hydroftatical paradox. It 
eonfifte of two thick boards, A, D, 
each about 16 or 18 inches dia¬ 
meter, more or left, covered or oon- 
ne&ed firmly with leather round the 
edges, to open and (hut like a com* 
mon bellows, but without valves; only 
d pipe, B, about 3 feet high is fixed 
into the bellows at e, Now let water 
be poured into the pipe at C, and it 
will run into the bellows, gradually 
feparating the boards, by railing the 
tipper one. Then if feveral weights, 
as three hundred weights, be laid upon 
the upper board, by pouring the water 
in at the pipe till it be full, it will fuftain all the weights, 
though the water in the pipe fliould not weigh a quarter 
of a pound; for the pipe or tube 'may be as fmall as 




As the area of the orifice of the pipe 
is to the area of the bellows board, 
fo is the weight of water in the pipe 
to the weight it will fuftain on the board. 

Hence if a man Hand upon the upper board, and 
blow into the pipe B, he will raife himfelf upon the 
board;■ and the unaller the pipe, the eaficr he will be 
able to raife himfelf; and then by putting his finger 
upon the top of the pipe, he can iupport himfelf as 
long as he pleafes, provided the bellows he air-tight. 

Mr. Fcrgufon has deferibed another machine, which 
may be fubftituted inftead of this common Hydrofta¬ 
tical bellows. It is however on the fame principle of 
the Hydroftatical paradox; and may be feen in the 
Supplement to his LcAurcs, p. 19. 

HYDROSTATICAL Paradox, is a principle in 
Hydroftatics, fo called becaufe it has a paradoxical ap¬ 
pearance at firft view, and it is this; that any quantity 
of water, or other fluid, how fmall foever, may be 
made to bdance and fupport any quantity, of any 
weight, how great foever. This is partly illuftxated 
ip the latt article, on the Hydroftatical bellows, where 



piwriag water int^tfaieaiRdftiiefisfkwfil rifemririlfck 
•Star, and ftaadH the fufe Bright, or horixontaj brie 

DFin both of them, and that whether tbey low sqmglrib, 
or inclined in any pofitson. - ’ 80 that rift inf wtter 
i* O the large veflU iron A to I iafapportedto 
which it in Che finxH veflel from D to 1 only. Anri 
as then is no limit to this latter out, but that k may 
be made as fine even aera hair, it hence evidently appear* 
that any quantity of water may be thus fuMOrtedby 
any other the fmalleft quantity; * 



Since then the preffure of fluids is direfUy at their 
perpendicular heights, without any regard to their 
quantities, it appears that whatever the figure or (hie 
of the veflels jmay be, if they are but of equal heights, 
and the areas of their bottoms equal, the prefiuret of 
equal bein' 
thefe veff 
thoufand 

Mr. Fergufon confirms and iUuftrates this paradox 
by the following experiment. 




well-known that water in a pipe or canal, open at both 
qada, always rifes to the (ame height at both ends, 
■whether thofe ends be wide or narrow, equal or un» 
squab Thus, the fmall pipe GH being clofc Joined 
• to another open veflel Al, of any fixe whatever.; then 


Let two veflels be prepared of equal heights, bnt 
ry unequal contents, inch as AB and CD; each 
flel bring open at both ends, and their bottoms E and 
of equal widths. Let a Mafs bottom O and H be 
fitted to each veflel, not to go into it, but for 
fund upon s and let a piece of wet-leather be put 

* ■ t- -A--- 


•very 

veflel 


exadt 
it to 
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between etch veffel audits btafirbqttem, for the pie 
of defends. .1 Join eachbottom to M veffel by ■ hinge 
D, fa that it. may open like the iidofa box \ and let 
each bottom be. kept up to its vcflcl bp equal weight* 
W, hung to line* which go over the pulley* P, whofe 
block* are fixed to the fide* of the vefiel at/, and the 
lines tied to hooks'at d, fixed is the’ brafe bottom* op-* 
jKtfite to tbe hinge* D. Thing* bong thin prepared 
and fitted* hold one vefiel upright *n the hand* over a 
hafon on a table, and ctufe water, to be. .poured flowly 
into it, till the preffure of the water bears down its 
bottom at the, fide d, and raifes the weight £; and 
then part'd the water wDl run out at d. Mark the 
height at which the furfaoe H of the water flood in 
the veffel, when the bottom began to give way at d ; 
and then, holding up the other velTd in the fame man- 
net, camelwater to be poured into it; and it will be 
feen that when the water rifes in tbi* veffel juft a* high 
as it did in the former, it* bottom will alfo give way at 
d, and it will lofe part of the water. 

The natural rtalon of this furprifing phenomenon is, 
that ft nee all part* of a fluid at equal depth* below the 
furface, are equally preffed in all manner of direflions, 
the water immediatuy below the fixed part B f will be 
prefiedas much upward againft its lower furface within 
the vefiel, by the adtioa of the column Ag, a8 it would 
be by a column of the fame height, and of any diame¬ 
ter whatever? and therefore, fince aftion and rcaftion 
are equak and contrary to each other, the water imme¬ 
diately below the furface bf will be preffed as much 
downward by ft, as if it were immediately touched and 
jweffed by a column of the height Ag, and of the dia¬ 
meter B f ) and therefore the water in the cavity bUdf 
wiQ be prefled as much downward upon it* bottom G, 
da tbe bottom of the other veffel is preffed by all the 
water above it. JLeftures, p. 105. 

HYDROSTATICS, is the Icience which treats of 
the nature, gravity, preffure, and equilibrium of fluids; 
and of the weighing of folid* in them. 

That part of the fcience of fluids which treats of 
their motions, being included under the head of Hy¬ 
draulics. 

Hydroftatics and hydraulics together conftitute a 
branch of philofophy that is juftly considered as one of 
the moil curious, ingenious, and ufefol of any ; af¬ 
fording theorems and phenomena not only of tne firft 
ufe and importance, but alfo furpriflngly amuflng and 
pleafant-; as appears in the numberlefs writings upon 
the fubjefl; the principal points of which may bp found 
under the Several particular articles of this work ; and 
the chief writings on this fcience may befeen under the 
article Hydraulics. 

HYDRUS, or Water Serpent, one of the new fouth- 
*rn conftellatioii*, including otdy ten ftara. 

HYEMAL Sol/lice, the fame with Winter Solftice. 
See Solstice. 

HYGROMETER, or Hyqeoscopk, or Notio- 
metsk, an inftrument for meafuring the degree* of 
raoifturciii the" air. 

There are various kind* of. Hygrometers • for what¬ 
ever body cither fweils by moifture, or ih rinks by dry- 
nefs, is capable of being formed into an Hygrometer. 
Such are wood* of moft kinds, particularly leak afli, 
poplar, he, Such alfo.i* catgut, the beard of a wild 


oat, and twilled cord, dec. .The beft and moft ufiud 
contrivance*for this purpafie areas fiaUowr. 


0 



1 . Stretch a common cord, or a fiddle-ftring, ABD 
along a wall, palling it over a pulley B; fixing it at 
one end A, and to the other end hanging a weight E, 
carrying a ftyle or index F, Againft the. feme wall 
fit a plate of metal HI, graduated, or divided into 
any number of equal parts; and the Hygrometer in 
complete. 

For it is matter of conftant obfervation, that moifture 
fenfibly (hortens cords and firings; and that, as the 
moifture evaporates, they return to their former length 
again. The like may be feid of a fiddle-firing: apd 
from hence it happens that fuch firings are apt to break 
ip damp weather, if they are not fiackened by the 
ferews of the violin. Hence it follows, that the weight E 
wfllafcend when the air is rooreraoifi, anddefeend again 
when it becomes drier. By which means the index F 
will be carried up anddoym, and, by pointing to the fe- 
veral divifions on the wale, will ihew the degrees of 
moifture or drynefe. 

a. Or thus, for a more feafible and accurate Hygro¬ 



meter : ft rain a whipcord, or catgut, over feveral* pul¬ 
leys B, C, D, E, r ; and proceed as before for the 
reft of the conftradion. Nor does It matter whether 
the feveral parts of the cord be parallel to the horizon, 
as exprefied in the annexed figure, or perpendicular 
to the fame, or in any other pofition ; the advantage 
of this, over the former method, being merely the 
having a greater length of cord in the feme compafe ; 
for the 1longer the 'cord, the greater is the contraction 
and dilatation, and coafequently the degrees of varia¬ 
tion of the index over the fcale, for any given change 
of amiftafe in air. 
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• f. 0r Fxften a tjnffted 
cord, or fiddk*ftriflg, AB, Ijy one 
cad at A, fuftainmsf a upright at B, 
c a rr ying an index C'round a circa* 
lar Icale IKE deferibed on a hori¬ 
zontal board or tables——For a 
cord or- catgut twill* itfdf as it 
moiftens, and untwiils again as it 
dries. Hence, upon an mcreafe or 
decreafe of the humidity of the air, 
the index will ihew the quantity of 
twilling or untwifting, and confer 
quently the increafe or decreafe of 
moifture or drynefs. 

4. Thofe Dutch toys, called weather houfct, where 
* a fmall image of a man, fcnd one of a woman, are fixed 

upon the ends'of an index, are conftru&ed upon this 
principle. For. the index, being fuftained, by a cord 
or twilled catgut, turns .backwards and forwards, 
bringing out toe man in wet weather, and the wo¬ 
man in dry. 

5. Or thus: Fallen one end of 
a cord, or catgut, AB, to a hook 
at A; and to the other end a 
ball D of about one pound weight; 
upon which draw two concentric 
circles, and divide them into any 
number of equal'parts, for a fcale; 
then fit a ilyle or index EC into a 
proper fupport at E, fo as the ex¬ 
tremity C may almoft touch the 

divifionsof the balL-Here the 

cord twilling or untwilling, as in 
the former cafe, will indicate the 
change of. moifture, by the fucccf- 
five application of the divifions of 
the circular fcale, as the ball turns 
round, to the index C. 

6. Or an Hygrometer may be 
made of the thin boards of am or 
fir, by their fwelling or contract¬ 
ing. But this, and all the other 
kinds of this inftrument, above 
deferibed, become in time fenfibly 
lefs and lefs accurate; tjll at laft they lofe their effect 
entirely, and fuffer no alteration from the weather. 
Bui the following fort is much more durable,, ferving 
for many years with tolerable accuracy. 





▼a*y<&an i *r*» &Tgg« 5 n, in water 
which there has been dSnolved ul ammoniac, or Jilt oF 
tarter j after which let it dry again.——Now, if tjw.' 
air become motil, thefpongc will imbibe it and groqr 
heavier, and consequently will preponderate, tpd tom. 
the index towards C; on the contrary, when the air 
becomes drier, the fponge becomes lighter,, and tbfe 
index tarns towards A1 and thus (hewing the Hate of 
the air. * ■ 

8. In the laft mentioned Hygrometer, Mir. Gould, 
in the Phfiofi Tranf. inftead of a fpenge, recommends 
oil of vitriol, which grows fenfibly lighter or heavier 
from the degrees of moifture in the air ; fo that being 
faturated in the moifteft weather, it afterwards retsins 
or lofes its acquired weight, as the air proves more or 
lefs moift. The alteration in this liquar kfo g r eat , 
that in the fpace of 57 days it has been known to 
change its weight from 3 drachms to 9 ; and has (hifted 
a tongue or index of a balance 30 degrees. So that ita 
this way a pair of fcales may afford a very nice Hygro¬ 
meter. The fame author fugged*,” that oil of fulpnur 
or c^mpanam, or oil of tartar per ddiquium, or the 
liquor of fixed nitre, might be uled inftead of the oil of 
vitriol. 

S . This balance may be contrived in two ways; bp 
er having the pin in the middle of the beam, with a 
/lender tongue a foot and a half long, pointing to .the 
divifions on an arched plate, as reprefented in the laft: 
figure above. Or the fcale with the liejuor may he hung 
to the point of the beam near the pin, and. the bthet 



extremity made io long, as to jlefcribe a huge arch, on 
a board placed for the purpofe ; as in the figure hete.. 
annexed. 

10. Mr. Arderon has propofed fome improvement in ‘ 
the fponge Hygrometer. He dirc&a the fponge A to 
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p> tpcauicwi 
riddle of a graduated arch 
middle date be tween the 


ateqtud 
index ,E to point al 

when, the air is in « ~ middle ftafee- between the 
greateft ipoi&ure and the greateft drynefo Under this 
ulfc/o ft rung witji ftiot, is placed a little table or fliejf 
for that part of the filk or ftiot to reft. upon which is 
not fufpended. When the moifture imbibed hj the, 
fponge jnpreafes its weight, .it wdl Jaife the index, 
with part of the ihot, from the tabic, and nee verfa 
when the air is dry. Philof. Tranf voL. 44, p. 06. 


,tt.' From a feries of fiygroicopical obfervations, 
rAade with an apparatus of deal wood, deferibed in the 
Hhilofi Tranf. number 480, -Mr. Coniers concludes, 
lft, That ti^e wood brinks moft in fommer, andfwells 
njoft in winter, but is moft liable to chimge in the 
fpnng >aud falL ad. That this motion happens chiefly 
irj the day time, there being fcarce any variation in the 
night. 3d, 'That there is a motion even in dry wea¬ 
ther, the wood fwellmg in the morning, and ftmnkiog 
in the afternoon. 4th, That the wood, by night as 
weU as hy day, ufuaUy brinks when the wind is in, the 
north, hortk-eaft, and eaft, both in ftimmer and win¬ 
ter.' e th. That by conftant obfervation of the motion 
and re*t bf the wood, with the help of a thermometer, 
the direction of the wind may be told nearly withouta 
weather-cock. He adds, that even the time of the 
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tbe axis, rand to drawf'«^i|^.fn^^9^^.c^iuiy to 
a thicker part of the' 4xjt.1t becomes a balance to.the 
fponge, and its motion i* fbewn by an attached fcalc. 

And vice .verb when theahr becomes drier ...- Salt .of 

tartar, or any other fak, or pot aihet, may b« put into 
the fcale of a balance, and.vucd inftcadof the ftpoqgc. 
Defag. Exper. Philof. voh 3, p. 300. 

. 14. Mr. Fergufon made an Hygrometer of a thin 
deal pannel5 and to enlarge the fcwe,,xodfo render its 
variations more fenftble, he. employed a wheel and axle, 
making one cord paft oter the axle, which turned n 
wheel ten times as large, over whichpafied a line .with 
a wc^ght at the end of it, whole motion was therefore 
ten times as much a* that of the, deal pannel. The 
board ihould be changed in 3. or, 4 years. See Phflof 
Tranf. voL 54, art. 47. 

‘ ij, Mr. ! Smcatou gave alio an ingenious and elabo¬ 
rate conftruftion of an Hygrometer.; which may he 
feen in the Philof. Tranf voL 61, art. 34. 

16. Mr. De .Luc’s contrivance for an Hygrometer 
is very ingenious, and on this principle. . Finding that 
even ivory fwells with moifture, and contra&s with 


titted tne under or open end 01 1 
tube, like that of a thermometer. 


very fine long glab 
Into tliefc is intro- 


year may.be known by it; for in fpring it moves more 
add quicker than in winter; in fumnicr it is more 
ihrunk than in fpring ; and has lefs motion in autumn 
than in fummer. 

See an account of a method of conftru&ing thefe 
and other Hygrometers, in Phil. Tranf. Abr. vol. 3, 
p. 30, &c, and plate 1 annexed. See alfo Philof. Tranf. 
vqL 11. P. 647 and'7x5, vol. 15, p. 1033, vol. 43, 
p. 6, vol. 44, p. 95, 169 and 184, vol. 54, p. 359, 
voL 61, p. 198, vol. 63, p.404, &c. 

12. Dr. Hook’s Hygrometer was made pf the beard 
of a wild oat, fet in a fmall box, with a dial plate 
and an index. See his Micrographia, p. 150. 

'13. The Doftors Hales and Dcfaguliers both con- 
trived -another form of fponge Hygrometer, on this 
principle. They made an horizontal axis, having a fmall 



part ’tif itl.Jpqgth cylindrical, and the ,remainder, taper¬ 
ing cos rally with a fpiral thread, nut in it, after th* 
manner of the fusee of s^wstoii. The fponge isfof- 
pended by a Sue ftlk thread to the cylindrical part of 
the axis, upon which it winds. This is' balanced by a 
fntiffl: wdgjttt- W, fofpendaf alfo by «thread, which 


duccd fome quickfilver,. filling the .ivory cylinder, and 
a fmall part ofthe length up the glafo tube. _ The con- 
fequence is this: when moifture TweUs the ivory cylin¬ 
der, its bore or capacity grows larger, and .confequcntljr 
the mercury finks in the flue glais ..tube ,; and vice 
verb, when the air is drier, the ivory contra&s, and 
forces the mercury higher up the tube of glaft, _ It is 
evident that an inftrument thus conftru&ed is in fa& 
alfo a thermometer, and muft neceflarily be afte&ed by 
the viciffitudes of heat and cold, as well as by thobcf 
drynefs and moifture ;,. or that it muft a&as a thermo¬ 
meter as well as an Hygrometer, The ingenious con¬ 
trivances in the ftru&uce and mounting oT this ioftru, 
ment may be feen in the Philof Tranf vol. 63, art. 38 ; 
where it may be feen how the above imperfe&ioa is cor- 
re&ed by fome fimplc and ingenious expedients, coir 
ployed in the original conftru&ion and fub&qiicnt ufe of 
the inftrument; in confequenc? of which, the vaca¬ 
tions in the temperature of the air, though they prog, 
duce their full eftc&s on the inftrument, as a theme*, 
meter, do not interfere with or embarrofs its indications 
as an Hygrometer. 

17. In the Philof. Tranf for 1791, Mr. De Luc has 
given a fecond paper on Hygrometry, This has been 
chiefly occaftoned by a Memoir of M. de Sauflure on 
the fame fubjeft, entitled B^flTais fur l’Hygrometrie, 
in 410, if&3. In this work M. de S. deferibes a new 
Hygrometer of his conftru&ion, on tke following prin¬ 
ciple. It Is a knows fa& that a hair will ftretch when 
it is moiftened, sndcontradt when dried: and M. de 
Sauflure found, by repeated experiments, that the dif¬ 
ference between the greateft extenfion and coutra&ion, 
when.the hair -is properly, prepared, and has weight 
of about 3 grains fufpended by It, m near ly oocr4gtfa. 
of its whole length, or one inch in 40. This circnm- 
ftance fuggefted the. Idea of > new Hygrometer. '' To. 
# render 
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^riadoii Isttgth of foihto 
PM ffgfe «n apparatus was contrived, idwtefo tone 
of forevtrttnities of foe fcair fa feted; *u£fl* other, 
bw^^thi i^tierpoife abovementioned, ftiivounds the 
at&mtarcnce of a cylinder, which turn upon tn txi* 
to which a band is adapted, marking upona dial id 
Urge diviflon* the almoft iafenfibk motion ofthis axis. 
About «a inches high is recommended ft the tnoft con- 
venient and ufeful: and to Vender them portm-fe, a con¬ 
trivance it'added, by which the hand and the counter* 
poifc dan he occasionally fixed. 

But M. de Luc, fa his {dees for la Meteorologie, vol. 
i, anno 1786, (hews that hairs, and ah the other animal 
or yegetmehymifoopic fubftances, taken lengthwife, 
or in the dtremon c* their fibres, undergo contrary 
changes, from- diflmift variations of humidity ; foai 
when immerfed in water, they lengthen at firft, and af¬ 
terwards flrarten 1 that when they mt near the greateft 
degree of humidity, if the moifture be incteafcd, they 
Shorten foetafchm t if it be diminished, they lengthen 
themfdees firft before they contraft again. Theft irre¬ 
gularities, which render them incapable of being true 
mmfares -of humidity, he (hews to be the neceflkry 
confequence of their organic reticular ftrufture De 
Sauifure takes his point of extreme moifture from the 
vapours of water under a glafs bell, keeping the fides of 
the bell continually moiftened; and affirms, that the hu¬ 
midity is, there, conftantly the fame in all temperatures; 
the vapours even of boiling water having no other cffedl 
than thole of cold. De Luc, on the contrary, Shews that 
the differences in humidity under the bell are very great, 
though De Sauffure’s Hygrometer was not capable of 
difeovering them; and that the real nndecompofed va¬ 
pour of boiling water has the dirc&ly oppofite effect to 
that of cold, the cfFefo of extreme drynefs; and on this 
point he mentions an interefting fad, communicated to 
him by Mt* Watt, via, that wood cannot be employed 
in the fteam engine, for any of thofe parts where the 
Vapour of the boiling water is confined, becaufe it dries 
So as to cwck ss if espofed to the fire. 

l*o thefie charges of M. De Luc, a reply is made by 
M. De Sauffure, in his Defence of the Hair Hygro¬ 
meter, in <788; where he attributes the general dis¬ 
agree meat between the two instruments, to irregulari¬ 
ties of M. De Luc’s } and alfigns fome aberrations.of 
bis own Hygrometer, which could not have proceeded 
from the above citufe, but to its having been out of 
order j &c. 

This has drawn from M. De Luc a fecond paper om 
Hygrometry, published in the Philof. Tranf. for 179 *» 
p. 1, and 389. This author here refuxnes the four fun¬ 
damental principles which he had Sketched out in the 
former paper, vtz, lit, That fire is a fare, and the only 
fore means of obtaining extreme drynefs. *d> That 
water, in its liquid ftatc, » a fore, and the only fore 
means of determining the point of extreme moifture. 
ad. There is no reuoa, a priori, to expert, from any 
hygrofeopic fobftance, that the meafurable effedts, pro- 
duced io it by moifture, are proportional to die lhteiifi- 
ties-bf font caufe.—But. 4th, perhaps the compara¬ 
tive chyfig»* of tie dimenuons of a iubftartce, and of 
the weight of the Same or other fubftances, by the fame 
variations. of moifture, may lead to fome difcoveiy in 
that- rdpeft. Oo theie heads M. De Lut expatiates 


inr* 

•ttegefoifui paper, ihe*bwfo« 

P* SiuSfore's prindpas of Hygeomciry, and fonfetft 
tarfyas to thifr, ofatyf*}h fubftancc wtfahextend®! 
lengthwife, befog properly ufed as aS H y ps s u tbt 
On the Other hand, he mews thst tbcexputf, offofe. 
ftMoei aefoft foe awes, or grain, readers thta, fa ther 
«wp*ft, by fiu- the moft proper for fob purpofei He 
dhoofesfodh as can bemade very-thin, a* forty* or deal 
Shavings, but over all he finds whalebene to be far the 
belt of: ariy. jffut, for all thcreafonfoga of tbeSe inge¬ 
nious phttofophers on this interefting futyefo, aodcom- 
plete information, fee foe publications above quoted, 
as alfothe Monthly Review, vol. 51, p. 2S4, VdL 71, 



of the moifture of foe atmofobere. ,The chief writing* 
on this Science are thofe <OtM.De LuC ind M. 
SaufTurt, for which fee foe fail .article on Hygro* 
meters. 

HYGROSCOPE, is commonly itfed in the fam* 
fenfe With Hygrometer. Wolfius, however, regarding 
the etymplogy of the word, makes fome difference.. 
According to him, the Hygrofcope only Shews foe a& 
treat ions of the air in refpccx bf humidity nftd drfaeftjf,' 
but foe hygrometer meafures them. A HygroJbopW 
therefore is'only an indefinite or Id’s accurate hygto- 
meter. 


«vvt , 

HYPATIA, a very learned and beautify lady, 
bom at Alexandria, about the end of the 4th century, 
as She fieuriShed about the year of Chrift 436. fib* 
was foe daughter of Theon, a celebrated phSofophef 
and mathematician, and president of the famodt-Alex*- 
andrisn fchdoi. Her father, encouraged b^-lfereforbi. 
ordinary genius, had her not only educated h iff <M 
ordinary qualifications of her fex, but inftrOSed' fafoft 
moft abftrufe fciences. She made fuch great pfog rf ft 
in philofophy, geometry, aftronomy, and foe toilbe* 
matics in general, that She palled for the Shaft leattwid 
perfon of net time. She published commentaries eto 
Apollonius’s Conics, on DfophantutH Arithmetic^ aitift 
other works. At length (ne v»ns thought worfo^ to 
foeceed her father in that distinguished and impertpidf 
employment, the government of the fchtiol of Alexan- 
dria j and to deliver inftruftions out of that chaw Wfainw 
Ammonias, Hierocks, and many other great men, bad 
taught before; and this at a time too when men off 
great learning abounded both at Alexandria and i* 
many other parts of the Roman empire. Her fame 
being fo extensive, and her worth fo tnrivcrfaSy ac¬ 
knowledged, it was no wonder that She bad a crowded- 
auditory. M She explained to her bearers (fays So¬ 
crates, an ecclefiaftical historian of the jth century, 
bom at Constantinople) the feveral fciences that gW 
under the general name of 1 philofophy ; for whafo' 
reafon there .was a confluence to her, from all parts, of 
thofe who made philofophy their delight and Study.”- 
Her Scholars were not lefs eminent than they Were 
numerous. One of them was the celebrated Sytieftut,. 
who was afterwards biihop of Ptolomais. ' Tbis ancient? 
Christian f^tonift always exprefles fob ftrohgeft, as 
well as foe moft grateful, telnmony of foe Virtue hrmb 
totorefs; never mentioning her without the tnoft pro¬ 
found refpeA, and fometones in terms tK affenkm 

* little- 
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Jjttlt ftort of adoration. But it ws* »ot Spacfius ohly, 
and the difciples of the Alexandrian fchool, who a4< 
mired Hypatia for her virtue and leanuag t never waa 
woman more careffed by tKe public, and yet never had 
woman a more unfpotted chara&er. She waa held aa 
an oracle for her. wifiiom, for which An was consulted 
by the magiftratcB in all important cafes ; a circum- 
flance which often drew her among the greateft con* 
courfc of men, without the lcaft cenfure of her man* 
In flu>rt, when Nicephorua intended to pads the 
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higheft compliment on the princefs Eudocia, he thought 
he could not do it better than by calling her another 
Hypatia. 

_ While Hypatia thua reigned the brighteft ornament 
of Alexandria, Oreftea was governor of that place for 
the emperor Tbeodofiua, and Cyril waa bifhop or pa¬ 
triarch. Oreftea, having had a liberal education, could 
not hut admire Hypatia ; and aa a wife governor often 
confulted her. Tliis, together with an averfion which 
Cyril had againft Oreftcs, proved fatal to the lady. 
About 500 monks afiembliug, attacked the governor 
one day, and would have killed him, had he not been 
refeued by the townfmen ; and the refpeft which 
Oreftea had for Hypatia caufmg her to be traduced 
among the Chriftlan multitude, they dragged her from 
her chair, tore her in pieces, and burnt her limbs. 

. i Cyril is ftrongly fufpedted of having fomented this 
tragedy. Cave indeed endeavours to remove the im¬ 
putation of fo horrid an a&ion from the patriarch; 
and lays it upon the Alexandrian mob in general, whom 
be calls “ a very trifling inconftant people.” But though 
Cyril fhouM be allowed neither to have been theperpe* 
trator, nor even the contriver, of it, yet it is much to be 
fufpe&ed that he did not diicountensnee it in the man* 
per be ought to have done: a fufpicion which muft 
seeds bp greatly confirmed by rcflc&ing, that he waa fo 
fir from blaming the outrage committed by the monks 
upon .Qreftes, tnat he afterwards received the dead 
body of Ammonius, one of the mod forward in that 
outrage, who had grievoufly wounded the governor, 
pad who was juftly punifhed with death. Upon this 
riotous ruffian Cyril made a panegyric in the church 
where he was laid, in which he extolled his courage 
and cooftancy, as one that had contended for the truth; 
and changing his name to Thaumafius, or tjie Admi¬ 
rable, ordered him to be confidered as a martyr. 
«.However (continues Socrates), the wifeft part of 
Chriftians did not approve the zeal which Cyril fhewed 
on this man’s behalf, being convinced that Ammonius 
had juitly fuffered for his defperate attempt.” ' 

HYPERBOLA, one of the conic feftions, being 
that which is made by a plane catting a cone fo, that, 
entering one fide of the cone, and not being parallel to 
the oppofite fide, it may cut the circular bnfr when the 
oppofite fide is ever fo far produced below the vertex, 
or Audi cut the oppofite fide of the cone produced above 
the vertex, or fhali make a greater angle with the 
bale than the oppofite fide of the cone makes; all 
thefe three cimimnances amounting to the fame thing, 
but in other words. 

1. Thus, the figure D AE is an Hyperbola, made by 
a plane entering the fidcV Oo f a cone FVQai A, and 
either catting the bafe FEQ"when the planers not pa¬ 
rallel to VP, and this is everlb for produced; or when 


the-angle ARQjf greater than 
the angle VPQj or when the 

f lane cuts the oppofite fide in 
k above the vertex. 

" a. By the Hyperbola is fome- 
fmren meant the whole plane of 
the fe&ion, and fometimes only 
the curve line of the fe&ion. 

3. Hence, the cutting plane 
meets the oppofite cone tn B, 
and there forms another Hy¬ 
perbola d Be, equal to the for* 
tner one, and having the fame 
tranfverfe axis AB; and the fame vertices A and B . 
Alfo the- two are called Oppofite Hyperbolas. 

4. The centre C is the middle point of rite tranverf* 
axis. 

5. The ferni-conjugate axis is CL, • mean propor. 
tional between Cl and CK, the diftances to the udea 
of the oppofite cone, when Cl is drawn parallel to the 
diameter PC^of the bafc of the cone. Or the whole 
conjugate axis is a mean proportional between AF and 
BH, which are drawn parallel to the bafe of the cone. 




6 . If DAE and FBG be two oppofite Hyperbolas, 
haring the fame tranfverfe and conjugate axes AB and 
« b, perpendicularly bife&ing each other ; and if da* 
and/ bg be two other oppofite Hyperbolas, having the 
fame axes with the two former, but in the contrary 
order, viz, having a b for their firft or tranfverfe axis, 
and AB for their fecond or conjugate axis: then any 
two adjacent curves are called Conjugate Hyperbolas, 
and the whole figure formed by all the four curves, the 
Figure of the Conjugate Hyperbolas. And if the red* 
angle HIKL be inicribed within the four conjugate 
Hyperbolaii, touching the vertices A, B, a, b, and 
having their fidea parallel and equal to the two 
axes j and if then the two diagonals HCK, ICL, of 
the parallelogram be drawn, thefe diagonals arc the 
afymptotes of the curvet, being lines that continually 
approach nearer and nearer to the carves, without 
meetino^them, except at aa infinite diftance, where 
each aiymptotc and the two adjacent fides of the two 
conjugate Hyperbolas maybe fuppofed all to meet; the 
afymptote being there n common tangent to them both, 
viz, at that infinite diftance. 

7. Hence the four Hyperbolas, meeting and ninmntf 
into each other at the .infinite diftance, may be conn* 
dered as the four parts of one entire curve, having the 
fame axes, tangents, and other properties, 

8. A Diameter in general, is any line, as MN* 
drawn through the centre C, and meeting, or termi* 
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0 . Moreover,, if .thofttfegenta to toe four Hyper- 
boles, at the vertices: of twx>4 conjugate diameters, be 
produced till toe* meet, toey toil form a parallelo- 
jttn OPQ9» f mi the diagonals OC^nd Pit. qf the 
•patoHdogram wffl be the afymptotea of the curves; 
touch therefore paft through the oppofite angles of all 
the parallefognun*' fo infcribed between toe curves. 
Aaoit is * property of theft pamljelhgitow, that they 
are all equal to each other, and therefore «p»l to tjie 
redahgtc of the two net \ so w ill he ftftftcr noticed 
below. Farther, if thefe dmgotfcdNtef afymptdte* tfiake 
« right angle between them, or If the idlcnbcd paralldo- 
nak he a fouare, or If the two anetbe e, to each 
other, toco the Hyperbola h called a right^ngied or ah 
equilateral one* 

to. An Ordinate to any diameter, ft a Sue 
parallel tofts educate, or to the tengentat iii 4 
and temiuttedby the diameter produces aba toe j 
S o l&B'ikdW ate ordinate* to toe «*»£&«*& 
AH and B&> are Wdmctea to the dtameted MSf ffif; 
ftg. but otmV. Htoto too ordinate*'to toe Mb' at 
popmftshr to it 1 but otoiqtN t* thb other te®#* 
ters are Oblique -totbem. v * , . . 

J I, An toftSs is m pan ofjmy diameter, jmjtrnm 
between he vertee and an ordinate to it j anatotocof- 
dia*te hot t«6 a&fciflbr m AT mi. Btf, «r W 
ndM, * if 

«. Th* Ptoameter of any d&ioctey, ftatotoltiw- 
•oftionaf to tfSpdBameter and its i^sffujtaftL*4. > X%e Pa- 

Sjffifsrisssrt'aas 

a. *«U» £rv * " 


In like manner. 
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point f, thnouirh which draw a> penvepfict&p — 
upon whi|h fetofT IM and IN e^xaltqttoe diftance 
or Ji from X'to the eatreauth# of the other toft) “ 

M and Nlt>'al be ooiats in the eur«e . ( 

id. (34 Wqt bpotntt, t» dtferib* the tprpr tbrpttgb 
« groin pehJ.J-JCQ and CH bdug the afymptotcs^ 
aad P toe given point of flic torses through the 
point P draw any fine GPH between the afy»ptote» r 
upon which* take Gt — PH, fo (hall I be another 
point pf the cum. “ And in thir manner may any 
number, of odints be fouad, drawing: a* many lines 

^ fttB . 
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l f. (4th Way by m continued Modoa.)*A£ one end 



of a long ruler /MO be foftened at the point /, by a 
pin on a plane, fo aa to turn freely about that point as 
a centre. Then take’a thread FMO, {hotter than the 
ruler, and fix one end of it in F, and the other to the 
end O of the ruler. Then if the ruler/MO be turned* 
about the fixed point/, at the fame tune keeping the 
thread OMF always tight, and its part MO clofe to 
the fide of the ruler, by means of the pin M; the curve 
line AX defcribed by the motion of the pin M is one 
part qf an Hyperbola. And if the ruler be turned, and 
move on tke other fide of the fixed point F, the other 
part AZ of the fame Hyperbola may be defcribed after 
the-fame manner.-*-But if the end of the ruler be fixed 
in F, and that of the thfead in /, the oppofite Hyper¬ 
bola xox may be defcribed. 

18. (5th fPay, by a continued Motion .)—Let C and 
F be the two foci, and £ and K the two vertices of 
the Hyperbola. (See the laft fig. above.) three 
rulers CD, DG, GF, fo that CD = GF = EK, and 
DG = CF1 the rukrs CD and GF being of an inde- 
finite length beyond C and G, and having flits in them 
for a pin to move in 1 and the rulers having holes in 
them at C and F, to fallen them to the foci C and F 
by means of pins, and at the points D and G they are to 
be joined by the ruler DG. Then, if a pin be put in 
the Hits, viz, the common intcife&ion of thd rulers CD 
and GF, and moved along, caufing the two rulers GF, 
CD, to turn about the foci C and F, that pin will de¬ 
scribe the portion Er of an Hyperbolar—The foregoing 
are a few among various ways given by feveru au¬ 
thors. 

Some of the thief Properties of the Hyperbola. 



19. ft ft) The fquares of fhe ordinates, of any dia¬ 
meter, are' to eaah other, as the reftanglcs of their 

■4 '■ ■ 


abfeiffes| h «. J>EI t OH* * y AD. BD t AG. 
* ®G»*. ■> . 

. 20. An the fquare ofaay diameter, is to the fquare of 
its conjagatci Co is:the re&angle of two abfciffes,.to 
the fquare of theirordinate. That is, AB* t ab* i t 
AD.BDtDE*. 

Or, becanfc the mftangle AD. BD is = the dif¬ 
ference of the fquares CD* — CBS the fame pro¬ 
perty is. 

As AB* tab*z : CD* - CB* : DE», 

Or AB .it CD* - CB* t DE\ 

That is AB tft: CD* — CB* : DE% 
where p is the parameter of the diameter AB, or the 
ab* 

3d proportional ■jjp 

And hence is deduced the common equation of the 
Hyperbola, by which its general nature is expreffed. 
Thus, putting d as the femidiameter CA or CB, 

« zzi its femiconjugate C a or C 6 , 

. . , id* 

/ =s its parameter or , 

x — the abfcifs BD from the vertex, 
y sa the ordinate DE, and 
v ss the abfeifs C D from the centre 1 
Then is d* if*:; td 4» x . x : y*, 

or d* i c* s; d + v.*tzy\ 
ox «*- (/* : y* t 

or d ip iz v*t d* : y* ; fo that 
. *dx 4 * x* v* — d* . o* — d* 

3 = ——- c m ST'* 58 — d — 

any of which equations or proportions exprefs the na¬ 
ture of the curve. And hence arifes the name Hyper¬ 
bola, Unifying to exceed, becaufe.the ratio of d* to c\ 
or of a to /, exceeds that of zdx to y 1 j that ratio 
being equal m the parabola, and defective in.the ellipfc, 
from which circumftanccs alfo thefe take their names. 

21. The diftance between the centre and the focus, 
is equal to the diftance between the extremities of the 
traiuverfe and conjugate axes. That is, CF se A a or 
Ab, where F is the focus. 

22. The conjugate form-axis is a mean proportional 
between the distances of the focus from botn vertices of 
the tranfverfe. That' is, C a is a mean between AF 
and BF, or AF t Cn : ; Co : BF, or AF. BF = 
C a*. 

23. The difference of two lines drawn from the 
foci, to meet in any point of the curve, is equal to the 
tranfverfe axis. That is, /E — FE = AB, where 
F and/are the two loci. 

24. All the parallelograms inferibed between the 
four conjugate Hyperbolas are equal to one another, 
and each equal to tne re &angk of the two axes. That 
is, the pa r allel o gram OPQR ss AB • ab (fig. to 
art. 9). 

at. The difference of .the fquares of every pair of 
conjugate diameters, A equal to the fame conftant 
quantity. Viz,.the difference of the fquares of the two 
axes.. That is, MN* — mn* as' AS* — db\ (fig. to 
art. 6 )f where MN a&d mn ate any two conjugate 
di*mcj«r». 

26 Tfie 
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gents. 

%y> All the re&angics art equal-which we made of 
the tegmenta of any parallel lines', cut hy the curve, and 
limited by tlic afymptotes, and each equal to the fauare 
of their parallel diameter, That is, HE . EK or 
Hr.rKst C(V or CP». 


* »d. TWreAa^leiofiheparta oftw* ptraBeUme*, tydoUfleo ^ i rthwii 

terminated by th* curve, are toone anothenaslpwmc- A» arottrai, • ‘y,;;:;? ; ;. v '*■',£* . 

tangles pf the part* of any other two parallel Hues, any Commm,or Come Hynum^Vis that wkufe arHes 

where cutting the former. Or the t<e^nmgb»:m- the from the fe&ion of aoonc fey;*, flan* •*; calkdalfo-tbe 

parts of two interfering dines, are «i the Squares of Aponbnferf'Hyperbala, being that kind treated pnby 

tbdr paxalld diameter^ or fquarea of their panuleltaa- tbefirft •» • -i-* -ift •-' . 

Conjugate Hyraanonas, are tlpjfefermedpr tying 
together, and having the fame axes, Ibat m * contrary 
oraer, via, the traufVerfe of each equal the conjugate 
of the other; as the two Conjugate Hype&ob* Pet 
and EEE in the laft figure hut one, 4 . 

Equilateral, o r fteilauglar Hypbusola, Is, that 
whofc two axes are equal to each other, or whole 

afyreptotes make a right angle.Hence, the property 

or equation of the equilateral Hyperbola, is v* = 
ax +• x *, where a is the axis, x the abfeift, and y its. 
ordinate j which is fimilaf to the equation of the cir¬ 
cle, viz, y* ss om—x*, differing only in the ftgn of the 
fecond term, and where a 5 the diameter of the 
circle. 

Infinite HvvxxBOLAS, orHvrtfcB 9VM ,afthe higher’ 
hiaeu, are expreffed or defined by general equations 
fimilar to that of the conic ot- commott Hyperbola, 
but having genetalitxpPhents, infiead of the particular 
numeral ones, but fo as that the Aim of thole on one 
. fide of the equation, is equal to the futn of thofe on 

the other fide. Such as, qy a ^" n = bx m (d + 
whefc x and y are the abfeifs and ordinate to the axis 

or diameter of the curve; or x^y* * 4 m ‘+ f *,wWsrethe 
abfeifs x is taken on one afymptote, and the ordinate 
y parallel to the other. 

As the Hyperbola of thefirft kind, or order, viz 
the conic Hyperbola, has two afymptotes; that of the 
ad kind or order has three ; that of the 3d hind, 
four* and fo on. 

.Obtufe Hyperbola, is that whofe afymptotes form 
an obtufe angle. / 



28. All the parallelograms are equal, which are form¬ 
ed between the afymptotes and curve, by lines parallel 
to the afymptotes. That is, the paral. CGEK — 

CPBCL-—-Hence is obtained another method ofex- 
preffing the nature of the curve hy an equation, in¬ 
volving the abfeifs taken on one afymptote, and ordi¬ 
nate parallel to the other afymptote. Thus, if x s=t 
CK, y — KE, a as CQ^ and b as »6 the ordinate 
at the vertex B of the curve ; then, by the property in 
this article, alb — xy, ox at x :: y : b ; that is, the 
re&angle of the abfeifs and ordinate is every where of 
the fame magnitude, or any ordinate is reciprocally as 

its abfeifs. ___ , . 

29. If the ahfeiffes CQ. CK, CL, &c, taken on the 
one afymptote, be in geometriealprogreffion increasing; 
then maUthe ordinates QB, KE, LM, See, parallel to 
the other afymptote, be alike geometrical progreffion in 
the fame ratio, but decreafing; and all the rectangles 
are equal* under every abfciis and its ordinate, viz, 

CQ. QB = CK . KE = CL. LM, See. 

30. The abfciiTes CQ, CK, CL, See, being taken 

in geometrical progreffion; the fpaces or afymptotic . f y 

areas BQKE, EKLM, Sec, wffl be all equal; or, the A = the hyp. log. of - 
fpaces BQKE, 13 QLM, &c, wffl be m arithmetical 

progreffion ; and therefore thefe (paces are e iyper- 2*302585093 x common log. of 
bol*p logarithm* of thofe abfciffes. . j \ 6 

Thefe, add many other curious properties of the - 

Hyperbola, may be feen demonfcated in my Treatife 
on Conic Sections, and fevetal others. See alfo Come 

one whofe afymptotes make to 

**' jfw/frrmr? HvMaBOtA., is that which has one of then is the length of the arc AQ^exprefled hy 
its. infinite legs falling within an angle kiMi 
afymptotes, and the other Mljng^without that angle. 
aihis is one of Newton’s triple Hyperbolas of the 2d 


ReSangular Hyperbola, the feme as Equilateral 
Hyperbola. 

Hyperbolic Are, is the arc of an Hyperbola. 

Put a as CA the femitraufverfe 
axe, c s= Ca the femieonjugate, 
y sb, an ordinate POtothe axe 9 
drawn from the en~ Q of the 
arc AQ^ beginning at the vertex 

* (M CC 

A: then putting q =s —-j—, 



t j + ^ ct +jy 


y</ct + jy - ecA +yy - ^ 
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or by X ^ Ct * - x jr,nearljrj where t 

is the whole treufverfe ue 2CA, > as jQa the con¬ 
jugate, ?s =& AP the abfdfs, and y s*' P<V the ordi* 
date. * 

Thefe and other Vules may be Jeco demdnftrated itt ! 
xny Menfuration, p. 408, Sec, id edit. 

Hyperbolic Area, or Space, the are^ or fpace in¬ 
cluded by the Hyperbolic curve and other lines. 

Putting: a as CA the fonitr&nfverfe, c = C a the fe- 
miconjugate, y ~ PQ__the ordinate, and v = CP its 
dillance from the centre ; then is the' 

flu J. fiy 

area APQj= -J#x hyp. log. of — } 

feftor CAQ_j=: \ae X hyp.log. of — ; 

** 

■*** APQ_— **rx (J ~ ~ • 

where *• = AP, sind * *>= 



APCL= 


3 CX 

TJa 


X (Via* + 4 v'*«*+ i xx ) neatly. 


Let CT and CE be the two afymptotes, and the or¬ 
dinates DA, EF parallel to the other afymptote CT i 
then the afymptotic fpace ADEF or fedor CAP is 

sss CD x DA x hyp. log. of or 

DA 

ss CD X DA X hyp. log. -gpr or 

■ DE DE* DE* DE 4 - 

as CD X DA X CD ■“ 2 cD* * tCD* “ 4CD 4&C ; 
and this lad foies was firft given by Mercator in his 
Logarithmptechiiia. 

See my Menfuration, p. 413", See, id edit. 

. Generally, if te m y n as a m+ “ he an equation 1 expref- 
fing an Hyperbola of any order $ then its afymptotic 

area will be .. m i *— ■- xy s which fpace therefore is always 

n m 

qnadrable, in attthe orders of Hypctbolas, except the 
firft or common Hyperbola only, in which m and » 
being each I, the denominator n -* « becomes o or 
nothing. 1 

‘ Hyperbolic Conoid, a fblid formed by the revolu¬ 
tion of-ad Hyperbola about its axis, otherwifeca&ed an 
Hyperboloid. 

- To find tit Solid Content of an Hyperholoid. 

Let AC be the femitranfverfe of the generating 
Hyperbola, and AH the height of the folid ; then as 
2 AC + AH is to 3 AC + AH, fo is the cone of the 
fame bafe and altitude, to the content of the Conoid. 




To fnd tie'Cttrot JJwtfatcofan JfyptrioMd. 

Let AC be the fcmitfanfverfe, and A B perpendicular 
tO ft,; and equal to the? 'femkonjugate 6f, ADE the ge¬ 
nerating' Hypefbola, off«fltioh through she' axis of-the 
folid. Join CB* make CF *e CA, and on CA let 
foil the perpendicular FG i then with the femitranfverfe 
CG, and fomiconjugate GH ss AB, deferibe the Hy¬ 
perbola GIK j thenai tlrt diameter of a circle is to 
its circumference, fo is the Hyperbolic fruftum 
ILAMK to the curve furfoce of the Conoid generated 
by DAE. See my Menfur. p. 429, &c, id edit. 

Hyperbolic Cylindroid, afolid formed by the re¬ 
volution of an Hyperbola about its conjugate axis, or 
line through the centre perpendicular to the tranfverfc 
axis. This folid is treated of in the Philof. Tranf. 
by Sir Chriftopber Wren, where he foews fome of 
its properties, and applies it to the grinding of Hy¬ 
perbolical Glades t affirming that they muft be formed 
this way, or not at all. See Philof. Tranf. vol. 4, 
pa. 961. 

Hyperbolic Leg, of a curve, is that having an 
afymptote, or tangent at an infinite diftancc.—Newton 
reduces all curves, both of the firft and higher kinds, 
into Hyperbolic and parabolic legs, i. e. -fuch as have 
afymptotes, and fuch as have not, or fucli as have tan¬ 
gents at an infiuite diftance, and fuch as have not. 

Hyperbolic Jane, is ufed by fome authors for what 
is more commonly called the Hyperbola itfelf, being the 
curve line of that figure; in which fettfc the furfacc 
terminated by it is called the Hyperbola. 

Hyperbolic Logarithm, a logarithm fo called as 
being fimilar to the afymptotic ipaces of the Hyper¬ 
bola. The Hyperbolic logarithm of a number, is to 
the common logarithm, as 1*30158309299404^7 to 1, 
or as i to *4342944819032518. The firft invented 
logarithms, by Napier, are of the Hyperbolic kind ; 
and fo are Kepler’s. See Logarithm. 

Hyperbolic Mirror, is one ground into that 
lhape. 

Hyperbolic Space, that contained by the curve 
of the Hyperbola, and certain other lines. Sec Hy¬ 
perbolic Area. 

HYPERBOLICUM Acatum, a folid made by the 
revolution of the infinite area or fpace contained be¬ 
tween the curve of the Hyperbola, and its afymptote. 
This produces a folid, which though infinitely long and 
generated by an infinite area, is neverthelefs equal to 
a finite folia body} as is demonfttited by Torricelli, 

‘ who gave it this name, 

, HYPERBOLIFORM Figure*, are fuch curves as 
approach, in their properties, to the nature of the Hy¬ 
perbola t -called bHo Hyperboloides. 

_ HYPERBOLOIDS, are Hyperbolas .of the higher 
hind, whofc nature is exprefled by this equation, 
sjf^ssfolYs+r/ 1 .. See Hyperbola. It alfo 
means the Hyperbolic Conoid, See that article. 

HYPERBOREANS, the moft northern nations, or 
regions, as dwelUng beyond or about, the wind Boreas; 
as the Siberians, Samoieds, dec. 

HYPERTHYRON, u» Arcbaeauie,’ a fort of table,. 
ufRally placed' over gates or doors -of .-the Doric order, 
above the chambrame, in form pf a frire. 

HYPETHRE, in Ancient Architedure, two rows 
a of 
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of plUfcn furrounding, and ten at each face of a temple, 
&c, with a periftyle within of fix columns. 

HYPOGEUM, in the ancient Archite&ure, a name 
common to ail the parts of a building that are under 
ground; as the cellars, butteries. See. 

Htfoobum, th. Aftrology, a name given to the ce>- 
lcftial houfes that are below the horizon; and efpe- 
cially the imum ceeli, or bottom point of the heavens, 
HYPOMOCHLION, the fulcrum or jprop of a 
Jever; or the point which fuftains its prefiure, wlien 
employed either in raffing or lowering bodies. The 
Hypomochiion is frequently a roller fet under the 
lever; or under Hones or pieces of timber, &c, that 
they may be the more eafily lifted up, or removed. 

HYPOTENUSE, or Hyfothenuse, in a right* 
tingled triangle, is the fide which fubtends, or is oppo- 
. fite to the right angle, and is always the longeft of the 
three Tides ; as the fide AC, oppoiite to the right 
angle B. 



It is a celebrated theorem in Plane Geometry, being 
the 47th prop, of the ift book of Euclid, that in 
every right-angled triangle ABC, the fquare farmed 
upon the Hypothenufe AC, is equal to .both the two 
fquares formea upon the other two Tides AB and BC; 
or that AC* ss AB* + BC*. “This is particularly 
called the Pythagorean theorem, from its reputed in¬ 
ventor Pythagoras, who it is faid facrifked a whole 
hecatomb to the mufes, in gratitude for tlie"difcovery. 
But the fame thing is true of circles or any other firni- 
lar figures, via, that any figure defaibed on the Hypo- 
temrw, is equal to the fum of the two fimilar figures 
deferibed on both the other two fides. 

HYFOTHENUSE. Bee, HvrorfiwusK. 

HYPOTHESIS, in Geometry, or Mathematics, 
sriwm. imyli tlie fame thing with fuppofitlon, being a 


fuppofitlon or an affumption .of fometlung as a condi¬ 
tion, upon which to raife a demonftration, or from 
which to draw, an inference. 

Dr. Barrow fays, Hypothtfes, or poftulatums, are 
prqpofitions nffuming or affirming Tome evidently pof < 
fihle mode, a&ioa, or motion or a tiling, and that 
thrtre is the fame affinity between hypothefes and pro¬ 
blems, as between axioms and theorems: a problem 
fhewing tbe manner, and dcmoiiftrating the poffibility 
of fome (tru&urc, and an Hypothefis aflunuug fume 
conftruAioa which is manifeitty poffible. 

Hypothesis, in Philofophy, denotes a kind of 
fyftem laid down from our own imagination, by which 
to account for fume phenomenon or appearance of na¬ 
ture. Thus there are Hypothecs to account for the 
tides, for gravity, for ipagnetifm, for the deluge, &c. 

The real and fcientific cauTcs of natural things ge¬ 
nerally lie very deep: obfervation and experiment, tlie 
proper means of arriving at them, are in mpft cafes ex¬ 
tremely flow ; and the human mind is very impatient: 
hence we arc often induced to feign or invent fomething 
that may feem like the caufe, and which is calculated 
to anfxver the. feveral phenomena, fo that it may poffi- 
bly be the true caufe. 

Philofophen are divided as to the ufeoffuch fiftions 
or Hypothefes, jyhich are much lefs current now tlian 
they were formerly. The lateft and beft writers are 
for excluding Hypothefes, and Handing entirely on ob¬ 
servation and experiment. Whatever h not deduced 
from phenomena, fays Newton, is an Hypothefis ; and 
Hypothefes, whether metaphyfical, or phyfical, or 
mechanical, or of occult qualities, have no place in ex¬ 
perimental philofophy. Phil. Nat. Prin. Math, ia 
Calcc. 

Hypothesis is more particularly applied, in AHro* 
notny, to the feveral lyftcms of the heavens; or the 
clivers manners in which different aftronomers have 
fuppofed the heavenly bodies to be ranged, or moved. 
The principal Hypothefes are tlie Ptolomaic, the 
Tychonic, and the Copernican. This laft is now fo 
generally received, and fo well eftablifhed 4pd war¬ 
ranted by obfervation, that k is thought derogatory to 
it to call it an Hypothefis. 

HYPOTRACHELION, in Architefture, is ufed 
for a little frree in the Tufcan and Doric capital, be¬ 
tween the aftragal and annulets; called alfo the colerm 
and gorgerin. 

The word is applied by fome authors in a marc ge¬ 
neral fenfe, to the neck of any column, or that part 
of its capital below the ailragaL 
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J ACK* in Mechanic* is an Inftrument m common 
ufe for railing heavy timber* qr ver^ great weight* 
of any kind; being a certain very powerful combina¬ 
tion of teeth And pinions* and the whole iodofed in a 
Strong wooden Hack or frame BC, and moved by a 
winch or handle HP ; the outfidc 
appearing as in fig. i* here an¬ 
nexed. 

. In fig. 6, pL 12* the wheel or 
rack-work is ihcwn* being the 
view of the infide when the ftock 
js removed. Though it is not 
drawn in the juft proportions and 
^imenfidns* for the rack AB 
muft be fuppofed at leaft four 
times as long in proportion to 
fhe wheel Q* as the figure re¬ 
presents h ; and the teeth* which 
will he then four times more in 
number to have about 3 in the 
inch. Now if the handle HP be 
7 inches long* the circumference 
of thi* radius will be 44 inches* 
which, ss the diftance or fpace the 
w^alhtnet. through in one revolution of the handle: 
but as tbeplniba of the handle has but 4 leaves* and the 
wheel Qfuppofe 20 teeth* or 5 times the number, there¬ 
fore to make one revolution of the wheel Q* it requires 5 
turns .of the handle,"in which cafe it oafiEs through 5 
times 44 or 240,inches: but the wheel having a pinion 
R of 3 leaves* theft will raife the rack 3 teeth* or 
one inch* in the lame fpace. Hence then* the handle 
or power moving 220 times as fitft as the weight, will 
mile or balance a weight of 220 time* it* own power. 
And if this be the band of a man* who can fuftam too 
pounds weight* he will* by help of this Jade* be aide 
to raiie, or fuftain a weight or force of 2200olb* or 
about 10 tons weight. *■ 

This machine » Sometimes open .behind from the 
bottom alznoft up to the wheel Qj to let the lower 
daw* which in that cafe is turned up as at B* draw 
up any weight.When, the weight is drawn or pufhed 
fufficirntly high, it is kept from going back by hang* 
ing the end . of the honk S* fixed, to a ftaple* over the 
curved part of the.handle at "£* 

Jack is alTo thi: name of a . well-known engine in 
She kitchen, uftd for turning a fpit. Here the weight 
is the power applied*, afting by a fet of pulleys ; the 
fri&ioB of the parts* and the weight with which the 


Spit is charged, make die force to be overcame $ and b 
fteady uniform motion is maintained by means of the 
fly. 

See the fig. of this machine, pi. 12, fig. 7. 

Smote Jack, is an engine ufed for thevfiunc purpofe 
with the common Jack* and is fo called from its being 
moved by means of the ftnoke* or rarefied air, afeending 
the chimney* and linking againft the fails of the hori¬ 
zontal wheel AB(plate 12* fig. 8 )* which being inclined 
to'the horizon, is moved about the axis of the wheel* 
together with thk pinion C* which carries the wheels 
D and £; and E carries the chain F* which turns 
the fpit.. The wheel AB Ihould be placed in the nar¬ 
row part of the chimney, where the morion of the 
fmoke is fwififceft* and where alfo the greateft part of 
it muft tlrike upon the tails.—The force of this ma¬ 
chine depends upon the draught of the chimney* and 
the ftrength of the fire. 

Jack -arch, in Architecture, is an arch of one brick 
thicknefs. 

} Act-teaJ, in Hydraulics, a part fometimes annexed 
to jthc forcing pump. 

JACOB’s-<S/gf; a ' mathematical inftrument for 
taking heights and diftances 5 the liune with the Croffr* 
ftaff ; which fee. 

J ACOBUS* a gold coin, worth (hilling*; fo 
cd from king James the firft of England, in whofe 
reign it was ftruck. They diftinguiflied two kinds of 
the Jacobus* the old and the new; the former valued at 
25 fltifiings, weighing 6 dwts to grs; the latter* caUcd 
alfo Carolus, vamed at 23 itvuungs* and weighing 
5 dwts 20 grains. 

IAMBS* or Javms, in Architefture, are the up¬ 
right fide* of chimneys, froin the hearth to the mantle- 
tree. 4 Alfo door pofta, or the upright polls at the 
ends of the window frames. 

St JAMES** Day, a # feftival in the calendar, ob- 
ferved on the 25th of July, in honour of St. James the 
apoftle. 

JANUARY, the firft month of theyear, accord- 
ing to the computation now tried in the Weft* and con- 
tuning 31 days; fp called by rite Romans from 
Janus* one of their divinities, to whom they gave two 
faces; becaufe on the one fide* the firft day of this 
month looked towards the new year, and on the other 
towards the old one. The name may alfo be derived 
from Janua* a gate; this month, being the firft of the 
year, may be confidered as the gate or entrance of it. 

. January 
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Jamutt7 and February were introduced into the year 
by Nuraa- Pompilius; Romulus’s year beginning with 
toe month of March. *■ 

JAUMS. See Jams*. 

ICE, a brittle tranfparcnt body, formed of fome 
fluid,, frozen or fixed by cold. The Specific gravity 


large Xndhui com, dried. On this Tied are placed in 
* roam a number of SrtiaHftiallovr ungUzed earthen pans, 
formed of a very porous earth, a quarter of an inch 
thick, and about an inch and a quarter deepj which, 
at the dttfk ofthe'evening, they fill witlrfoftwater 
that haa been boiled. In the morning before funrife 

■ " jr.n.ft _a. i_ 


of Ice to water, is various,, according to the nature and the Ice-makers attend at the pits, and colled what has 

• _ ... a_ _ C .1___. J'__ _ _ f t j n a _ #► • i A . ' _ '1__ 


circumilancea. of the water,'degree of cold, &c. Dr. 
Irving (Phipps's Voyage towards the North Pole) 
found the denied; Ice he could meet with about a 14th 
part lighter .than water. M. de Mairan found it, at 
different trials, i-i4th, 18th, or 19th lighter than 
water j and when the water was previoufiy purged of 
air, only a 22d part. 

The rarefaction of Ice has been fuppofed owing to the 
air-bubbles produced in Ice while freezing ; tlieie, being 
eonfiderably lam In proportion to the water frozen, 
render the Ice to much Specifically lighter.^ It is well 
known that a confiderablc quantity of air is lodged in 
the interftices of water, though it has there little or no 
claftic property, on account of the difunion of its par¬ 
ticles (but upon thefe particles coming elofer together, 
and uniting as the water freezes, light, expanfive, and 
claftic air-bubbles are thus generated, and increafe in 
bulk as the cold, grows ftronger, and by their daftic 
force burfts to pieces any veflel in which the water is 
clofely contained. Put Snow-water, or any water long 
boiled over the fire, affords an Ice more folid, and with 
fewer bubbles. Pure water long kept in vacuo and 
frozen afterwards there, freezcs v much fooner^on being 
expofed to the fame-degree of cold, than water un¬ 
purged of its air and fet in the open atmofpliere. And 
the Ice made of water thus diverted.of its air, is much 
harder, more folid and tranfparcnt, and heavier than 
common Ice. 

But M. de Mairan, in a diflertntion on Ice, attri¬ 
butes the increafe of the bulk of the water under this 
form, chiefly to a different arrangement of its parts s 
the icy ikin on water being cOmpofed of filaments 
which are found to be joined conftantly and regularly 
»t an angle of-6o°, aud which, by this difpofition, oc- 
cupv a greater volume than if they were parallel. Be- 
fide*, after Ice is formed, he found it continue to 
expand by Cold t a piece of Ice, which was at firft 
sjtuy a 14th part Specifically lighter than water, on 
bring expofed fome days to the froft, became a 12th 
part lighter} and thus he accounts for the burilwg.of 

let in ponds. „ . 

It appears from an experiment of Dr. Hooke, m 
* 66 *, thrice refn*&. the light lefs than water» 
whence he infers,’that the lightnefs of Ice, which 
caufes it to fwim in water, is not produced merely by 
the f- r-fl bubbles which are vifiblc in it, but that it 
arifes from the uniform conftitution or general texture 
of the whole mafs : a faft xvhich was afterward con- 
firmed by M. de la Hire, fiee Hooke s Exper. by 
Derham, p. a 6 , Acad. Per. 1695* Me™* P* * 5 * . , 

Sir Robert Barker thus deferibes the procefi of 
making Ice in the Eart Indies, in a country where he 
never law any natural Ice. On a large plain they d g 
35£ S four pita, each about *0 feet fcpiare, and a 
feet deep 1 the-bottoms of which arc covered, about 8 
ITu Sc. thick, with Sugar-cane, or the ftenu of the 


been frozen in baiketa, which they convey to the place 
ofprefervation. Th»* is ufually |»’epafe 4 in ibjnenigh 
and dry filiation, by finking a pit 14 or 15 feet deep, 
which they line firft vrith*ftraw, and then with a coarfc 
kind of blanketing. The Ice is depofited in this pit, 
and beaten down with rammers, till at length it. own 
accumulated cold again freezes it, and’ it forms one 
folid mafs. The mouth of the pit is well Secured from 
the exterior ail* with ftraw and blankets, and a thatched 
roof is thrown over the whole. Fhilof. Trsnf. voL 65, 

P ICHNOGRAPHY, in Architefturc, u a tranfverfe 
or horizontal feftion of a building, exhibiting the 
plot of the whole edifice, and of the Several rooms and 
apartments in any ftory ; together with the Ibicknefs 
of the walls and partitions; the. dimenfions of the 
doors, windows, and. chimneys ; the projeftures of the 
columns and piers, with every thing vtfible in fuch a 
(e&ion. .j . 

ICHNOpRAVHy, in Fortification, is the plan or re¬ 
presentation of the length and breadth of a fortrefs; 
the diftinft parts of which are marked out, either on 
rite ground itfelf, or upon paper. 

IcHKOOXAf h y, in rcrfpe&ive, the view of any thing 
cut off by a plane parallel to the horizon, juft by the 
bafo or bottom of it ; being the fame with what is 
otherwife called the plan, geometrical plan, or ground- 
plot, of any thing, and is oppofed to Orthography or 
Elevation. 

ICOSAEDRON, or Icosahkdrox, one of the five 
regular bodies or folids, terminated by twenty equila¬ 
teral and equal triangles. It may be confidcrcd fcs 
confifting ot 20 equal and Similar triangular pyra¬ 
mids, whole vertices meet in the centre of a Sphere con¬ 
ceived' to circumfcribe it, and therefore haying aft 
their heights and bafeX equal; therefore the folidity of 
one of thole pyramids multiplied by 20, the number of 
them, gives tne folid content of the Icofaedron. 

To form or male the Icofaedron .—Defcribe upon a 
card paper, or fome other Such like Subftancc, 20 equi¬ 
lateral triangles, as in the figure at the article Regular 
Body. Cut it out by the extreme edges, and cut all 
the other Kge* half through, then fold the Sides up by 
theSe edges half cut through, and the folid will be 
formed. 

The linear edge or fide of the Icofaedron being A, 
then will the forfece be 5A**/3 =? 8-66c«54oA*, 
and the Solidity =5 

j A* v' - ^ ^ ss auStfipyoA 1 . 

Mow generally, put A s= the linear edge-nr fide, B 
the Surface, and C the folid content of the Icofaedron, 
alfo r the radius of the infcribcd,-and R the radius of 
the circumfcribing Sphere, then we have thefe general 
equation., viz, 

iff. 
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ad, B* 3 r® x 7*/3~.W»5=** K» X^15 
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3 d, C ss ior* x 7^3 ~ V J 5 ® lR , * / io-f 2^5 
4 th, R s= rV * lAV^ sa 

is/ ^s .“L^- b = 

s*, 

- >■>/ 7^/3 + W *i B ~,| */IsOJri^c. 

""" ^ ; SO ■■ *V ./ $3 !...■ 

See my Meni'uration, p. 358, ad edit. _ - - . ;. 

IDES,.in the Roman Calendar, a. name given to a 
forks of 8 days in each month} which, in the full 
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on the 15th day* and in the other*nunth*, 

13th day; from thence reckoned backward, foils in . 
thole four .months to terminate on the 8th day,and Ilk 
the red on tbedth. Thefe came between theeskad* 
and the abuts. And this war of counting is ftifl hfed 
fo- the. Roman Chancery, and in the Calendar of the 
Bnmtm ; 

The Idea of May were confecrated to Mercnryj. 
the Ides of March were alwayi efteemed- unhappy, 
after the death of Csefar; thetimeaftcr the Ides of 
June wasrcckooed fommate fortholfoyrho entered into 
matrimony * the Idtsofo Auguft were confocrated to 
Diana, atm west ohferved as a fcaft by tholUve**on 
the Ides of September, angaries were taken *for ap- 
pointing the magiftrates, who formerly entered into 
theft office* on the ldes of May, and afterwards on 
thofe of March..’.-> - . 

JET' n^s aV t a French word, - ffgnifyfog u founts!* 
that throws up water tofome height fotheaft. 

AJet of water ft thrown op by'the weight of the 
eoluma af water shore its ajutage, or aafice, op to 
its fonree or vefervojr ; and therefore ft would «ie to 
the lame height as the head or refervoir, if certain 
caufe* did not prevent it front riling qiptcfo- high. 
I'orfirft, the velocity of the tower parodies of the 
let befog greater than , that of the upp<y, the lower 
vater Unites tliat which is went above it; andaafluids 

E refs every wayt. by its. injpalfe itwideai, and con- 
iquendy ftortens the cuhuan. Secondly, the wates 
at the top of the Jet does h# immediately. f«U off, 

’ hut forma a kind of baH or head, ;fe^vwaght of which 
depreffes the Jefc.* hut if the Jet be a little foclfoetj; 
or not qiifte- upright, it wiilplay .Jugher, though it 
witt. not .^hl riute fo beautifuL Tliirdly, the fncifon 
agmnft t$$to«es of the p^e and k4e rftheaJutM«* 
will prevent the Jet from rifingqafoe fo high,**** 
fmali omMliS be more impeded tfcao a large one. 
And tb? fourth caufc is the rcMaaoeof the air, which 


water,nearly t.-cpd.JhcsehNX. j 
will be hearft fo jw iaate | 
the. fame n| the proportion of 
opira above'tiie'aj«it«je^j -met 

ft" ft 

to different heights .according 
Tervoir, ascio; the foUpyong 
refervoirs sndthe heights of 1 
the former fo feet, apdthe lal 
a foot.' . ’' ",'X 


ortipo of ike ftftgkta «f tke refer* 
ge. ■■jHfticfc, ; and. from ekperibupe*. 
^.ifoperly wflfrp, 


l the Utter fo feet and tent 


lieigbu of'Riftripirt find tbnr'jfiu; 


**‘3 57 49 *o 

* 9 * 5 »: 497 

Soso I 59 SQ'S 
30*8 60 jl*a 

3rd ] 61 32-0 

* 3**5 da ^2*7 



By various eaperimeats that have been made by 
Mtrfott^ JDetogulftmi aftd* others, ft has been founds 
that if the reforvoir be jfoet high, a eonduA pipe j4 
inch duiMeter will adhtlr » bofo in the ajutabe from .4. 
to-4 of aninch ; and fo on astfo tlx fotowing tabic 
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IMA 


tbe foe of d* pip* mil fct more or left with tlbe. 

auUaot..; 

If'Vfce ncquaed to keep any number of Jets q)T 
asae* dmaenfioot playmg, by one ocmnM«on4iMt*pipej 
the diameter of an ajutage mull be feu od that (hill be 
equal W* ®* fmaB ones that ate gives# usd frost 
thia its proper condud-pipe. Thus, If there be 4 
ajutage*, each 4 of an inch diameter; then the fquare 
of i 18 A. wfc»ch multiplied by 4, the number of them, 
makes f f, the fquare root of which is % or ij, the 
diameter of an ajutage equal to aU the other four; to 
which in the table anfvver* a pipe of S inches diameter, 
Zn general, the diameter of the conduct-pipe fliould be 
about 6 times that of the ajutage. 

See Mariotte's Mouvement des Eaux; IXefrguliers’s 
Exjjer. PlnloC voL 3, p. 1*7, &c; Clare's Motion of 
Fluids, p. *09; &c. . 

# JETTE, the border made round the ftQts under a 
pier, in certain old bridges, being the fame with ftar- 
lisg, confiding of a fining framing of timber filled 
with Hones, chalk, Src; to preferve the foundations of 
the piers from injury. 


ILLUMINATION, the a& or eflefl of a f«mi- : 
raws body, or a body that emits light; fonactirae* 
alfo the ftate of another body that receives it. 

Circle of Illumin-STIon. See Circle, 

ILLUMINATIVE Lunar Month, xht fpaee of 
time that the moan is vifibk, between one conjunction 
and another. 

IMAGE, in Optics, it the fpeftre or appearance of 
an objeCt, made either by refle&ion or refraftion. 

_ In all plane mirrors, the Image is of the fame-mag¬ 
nitude as the obje&j and it appears as for behind,, 
the mirror as the objeft is before »t. In convex 
mirrors, the Image appears left than the objeCl j and 
farther diftaot from the centre of the convexity, than 
from the point of reflection. Mr. Molyneux give# die 
following rule for finding the diameter of an Image# 
projected in the diftinfo baft of a convex mirror, viz, 
As the diftance of the objedt from the mirror, is to 
the diftance from the Image to the glafr; fo is the 
diameter of the object, to die diameter of the Image, 
See Lens, Miaror, Reflection, and Refraction. 
IMAGINARY Quantities, or Impoflible Quantities,' 


IGNIS Fat 1/ v s, a conjmon meteor, chiefly feen in in Algebra, are the even roots, of negative quantities ) 
, -•-» « . * j « ’ *" whichexpreffionsareInpaginaiyyorimpofiihlr,oroppofi 

to real quantities; as tj—at, or $/ — « 4 , &c, lor, as 
every even power of any quantity whatever, whether 
“pOfitiye or negative, is neeeffanly pofitive, or hawing 
the fign +, becauTc -4 by +, or — by *- give equally 
4-; from hence it follows that every even power, as 
the fqaare for in&ancg, which is negative, or haring 
the fign —, has «o poflible root; and therefore the 
even roots offuch powers or quantities are fold to be 

• /pi ^ r_T rwi , _ _ 


dark nights about meadows, marihes, and other moift 

J laces, as alfo in burying grounds, and near dung-hills. 

t is known among the people by the appellations, 
Will with aWifp, and Jack with a Lantern. j,* 
Dr. Shaw delcribes a remarkable Ignis Fatflus, 
which he faw in the. Holy Land, that was fotmitiineg 
globular, or in the form of the flame of a cjpadlfc; 
and presently afterward it fpread itfelf fo ranch as 
to involve the whole company in a pale harmUSa 


light, and then contraft itfelf again, and fuddenly impoflible or Imaginary. The mixt exprelfions ariling 


dlfappear. But in lrfs than a. minute it would be¬ 
come vifible as before; or, running along from one 
place to another, with a fwift progremve motion, 
would expand itfelf at certain intervals over more than 
a or 3 acres of the adjacent mountains. The atmo¬ 
sphere had been thick and hazy, and the dew on the 
horfes’ bridles was uncommonly clammy and un&uous. 
In the fame sgNijher be obferved thole luminous ap¬ 
pearances, ^MHf&ip about the mails and yards of 
fliips at fea, ana which the failors call corpufanOe, by a 
corruption of the Spanifo cuevpofanto, Shaw’s Travels, 
p. 3 o; j. 

Newton calls it a vapour (tuning without heat ; apd 
fuppofed ft to be of the fame nature with the %ht 
i fluing from putnfeent fuhilances. Wfllughby and 
Ray were of opinion that it is oocaiioned by mining 
infe&s: but all the appearances of it' obferved by 
Derham, Bcccaria, anil .others, fufficiently evince that 
it mull be an iguited vapour. Liflanuaable ah* has 
. been found to be the molt common of ail the fa&itiaua 
airs in notuy ; anti that it is the ufual product pf the 
putrefaction and decoropofition of vegetable fub(lances 
m water. Signor Volu writes to l 5 r. Prieftley, that 
be firos inflammable air by the ek&ric fpark, even 
when flic ele&ricity is very moderate: and he fuppufes 
that this experiment explain* the .inflammation of -the 
Ignes Fatui, provided they coafift of inflammable air# 
ilfuing from marihy ground by help of the cle&ricity 
of fogs, and by foiling liars, which haveprubaldv an 
eleftrical origin. See Pacftley’s ObC on,Ait, val. 3, 
p. afta j the rhilpf. Ttanf Abr. voL 7 #P , '*47 fe* 5, 
VOL. t. 


from Imaginary quantities joined to real ones, are alfo 
I mag inary f as a — 4/— on, or t + */—aa. 

The roots of negative quantities were, perhaps firR- 
treatedof in Cardan’s Algebra. As to the uneven roots 
of fuch quantities, he (hews that they are negative, and 
he affigns them: but the even root* of them he re¬ 
jects, iliferving that they are nothing as to comma* 
ufe, being neither'one thing nor another j that is, they 
are merely Imaginary; or impoflible. And fince 'his 
time, it has gradually become a part of Algebra to 
treat of the roots of negative quantities. Aroelt Gi¬ 
rard, in hU Invention NouveHe m 1 ‘jllgebrc, p. 42, gives 
names to the three forts of roots of equations, calling 
them, greater than nothing, left than nothing, and 
mvelopee» as */—i} but this was foon after called 
Imaginary oy impoflible, as appears 1 by Wallis’s Alge¬ 
bra, p. 264, See ; where he obferves that the fqusre 
root of a Negative quantity, is a mean proportional be- 
tween * pofitive and a negative quantity ; as w~bc 
is the mean proportional between -f* t and c, or he- 
tween - b and + c ; and this he exemplifies by geomo 
triejd eonftfyftions. See alfo p. 3> 3 * 

The arithmetic of thefe Imaginary quantities has 
not yet' been generally agreed upon ; viz, as to the 
operations pf multiplication, divifion, and fovofotio*» 
fume authors giving-the refults with +» * I, d others on 
the contrary with the negative *figa —. £itle^* 

in his Algebra, ?-1«6 &c, makes the fquswtwf y'-fl 
to be *->j, of */- t to be — 4 , Sec j and yet be* 
makes the product of two impoflihles, whfn they arc 
unequal,.tobepoffible and real; as — 2 x ^—3 
4 L = 
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«S 4/6} and i/—t X 4/ — 4 = ,/4'or*. But how 
cah the equality or inequality of the fedora caufe any- 
difference in the flgnsofthe-prodttQfc'?• J ' ? 

If \S—2 x •/ —3 be =V + fit how can 
•/— 3 X y' — 3, which i# the fqnare of 4/— 3* te 
-el Again* he -makes 1 ' 3 x */ +"5'# V* - *5* 
Alio in divifion, he makes 4/ — 4 4 -V^ “T, 1 * 0 be sa 

v* 4 - 4 or 1; and 4/ + 3 4 * i/r* 3 **' V'— * j alfo 

■ 4. f -■ ■ 

that 1 or */-(- J -i- 4/ — 1 * .<4/j- as I) 

confequently, multiplying the quotient root .4/— i by. 
the divifor — l, muftgive the dividend lj ana 
yet, by fquaring, he makes the fquare, of y-i, or 
the product */— x x J — 1, equal to — i. 

But Emerfon makes the product of Imaginariesto be 
Imaginary ; and for this rcafon, that '«* othcrwlfe a 
real product would be railed from impoffible faClofs, 
which is abfixrd. Thus, 

4 / — ax ^/— b~ ^—ai % and 4 /—a X — V— ■ 3 =5 
— •/—aib, Ac. 

Alfo J—a x J—a— — a, and*/ —a X — v'—«.= 
+ 0 , Ac.” 

And thus mod of the writers on this part of Algebra* 
are pretty equally divided, fbm* making the product 
of im’pcmbles real* mid others Imaginary. 

In the Philof. Tranf. for 1778, p. 318 Ac, 
Playfair has given an ingenious differtatian “ Oht&s 
Arithmetic of Impoffible Quantities.” But this re¬ 
lates chiefly to the applications and,ufe» of them, and 
not to the algorithm of them, or rules for their pro¬ 
ducts, quotients, fquares, Ac. From fome operations 
however here performed, we learn that he makes the 
produ&ofV— x by 4/ — *, or the fquare of yf.'— 1, 


IhouW occur, it may be made to dUappear, by the fob* 
ftitution of a circular arch, aqd a property, riwnniiH 
t‘o both thtf' cirde * i«d hyperbola, may -he -obtained. 
The fame is to be observed of the rules which hawt 
been in'veutid f fot fl»e trimsfbrmation arid reduction of 
Impoflible quantities * f they facilitate tin operations 
of this imaginary arithmetic,: ind thereby lead to the 
knowledge of the moft beautiful and cateiiftve analogy 
Which the do&rine of quantity baa yet exhibited. 

* The rules chiefly Referred to* are thofe forre* 
during the impoffib|e roots of an equation to the form 
A 4 * B^/—.1/ 

iM Aomaav Roots, of an equation, are thofe roots 
or values of the unknown quantity ip an equation* 
which contain fome Imaginary quantity. So the roots 
of the equation «* + aa ss o, asp the two Imaginary 
quantities + V — aa and — 4/ — o«, or 4- 1^-1 
and - s */- J | alfo the two roots of the equation 
test 4-'spf -j~ aa ss o, an the Imaginary 'quantities 
sfc — \a\/ — 3 X and the three roots of the 
equation '#* •*- 2 a s, or x> =1, are 1, and 

--—- *od .. ^ ^ the flrftreal* 


— 1 


a a 

and the two latter Imaginary. Sometimes too the real 
root of an equation may be exprefled by Imaginary 
quantities, as in the irreducible cafe of cubic equations, 
when the root is eaprefled by Cardan’s rule; and that 
happens whenever the equation has no Imaginary roots, 
at all Irbut when it has two Imaginary roots, then the 
only reel root is exprefled by that rule in an Imaginary 
form. See my paper on Cubic Equations, hi the 
Philof. Tranf. for 1 7 80, p. 406 Ac. 

Albert Girard firtttreatedexprefsly on the impoflible 
to be — 1 { and yet'in another place & makes the or Imaginary roots of equations, and (hewed that every 
produft of J- X and */T=T* to be V W l 7 + **. cquation hms as many.roots, either real or Imaginary. 
Mr. Playfair concludes, « that lmagi'nary expreffions » the , “ d «* h 'g h p ft P owe f denotes. Thus, the 

. _ i* »_ •_nf t. i_ __ rantft of fh# KintuHntw* witMlioh a4 — a — o ^ 


are never of ufe in ioveftajatioae but when the fubjc& 
is a property common to the meafures both of ratios and 
of angles; but they never lead to any confluence 
which might not be drawn from 4 h? amuity betpeen 
thofe mcafures; and that they are indeed ho more 
than a particular method of tracing that affinity* The 
deductions into which, they enter are thus reduced to 
an argument from analogy, but the force ,of them is 
not duniniflied on that account. The kivatowhich 
this analogy is fubjedt 1 the cSfos in which, it is perifeft,. 
in which it iuffers certain alterations, and in. which it ia 
wholly interrupted* are capable of bring precifriy af. 
curtained. Supported on fo fune a foundation, the 
arithmetic, of impoffible quantities will alvraya remain 
an ufeful inflrumeat m the difcovery of trqth, jmd xMy 
be of ferrice when a more rigid, wnlyfis can hardly be 
applied. For this rcafon, many refearclxes concerung 
it, which in themfelveB might hie deemed^ abfurd, axe 
neverthriefs not deflitnte f utflit] 
found, for example, that if r be 

the 1 cimhmforenee is a . 

this In 

and would ckfcfoffdly'paf* for an 
.at the .'-fisme: time we kamirbm 
fag- t 



equation. 
anno 1629, 


M. ^ Bernoulli hut 
radius of a curie, 

1 f. ' Confidried 



roots of the biquadratic equatxoa tt* ss 4* — 3, 
(hews gre two real and two Imaginary,' viz, 1, 
X* - X + 4/ — a, and — 1 — y - » 1 and he 
render* Ae relation general, betwaen. aU the roots 
and the qoeffidests of 'the terms ' 

Sec . his Invention NovotUe t a f 
theor. a, pa. 40 Ac. 

- M.'D’Alembert demonftrated,* that every Imaginary 
root of aqv equation can always be reduced to the 
form t »• », where e and f. are real quantities. 

And bexice it was alfo (hewn* that if 
one root of ad aquation be • < +/*/—r, 

another root of it wiU alwiy* be . <• — f >/ — 1 : 

and hence it appears that the number of the Imaginary 
roots in. «hy equation m always even* if any ; i. e. 
•eithtf none,-or dfe twoj or four, or fox," Am' Memoirs 
ofriw.Aondemy of Bbrlfo; 1746* 

To difociver how manyimpoffibk roots are contained 
in any proposed equation, Newton gave this rule, in 
his Algebra, viz, Conftitute a ferifcs of fra^ions, whole 
denominators are the feries of natural numbers t, 2, 3* 
4* 5, Ac, eontuNisd to the! number fliewfog the index 


„ ^ -j_j. K.. V - .. ._ l .. .' or. exponrixt of the hfoheftterm of the es^atfoos, and 

'tRamt, and would defornedhr J oafs' ^'^athe fomefrinesof ririfat^ 


it, that if ln any equation rite quantity 


V-* 


trary order s and .Stride cadi of thefo fra&Ions by that 
next before it, «^1 place the lefulting quotieats over 
the interxnediat*' terans of the equation; then under 
cache! theintenoedhtetetms, if its fqwnre multiplied 

by 
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We °f **• P*«**he ;%n + f but 

rtTT 1 ^ UBd * r **•« Wt term 

]»iee the figs -f-» Then will the equation hn<re u 

WW Imagsaa^root. as there are change, of the under- 
+xmen figns from + to a „d f ro ,„ _ t0 + . So 

JuSS' 1 '. ” «-*.+ f ,-.«== 9 , the fa*, 
wffraftion. u * f. j , then the feebnd divided by the 

h ° T v* *“** 1tlurd divided by the fecond 
£ 1VC * » *“°'i hence thefe quotients placed over the 
intermediate terms, the whole will Hand 


<€ 'S*! 1] 


thus, 


l 

I 


** - 4 ** + 4* - 6 . 

+ + - + 

Now beeanfe the fquare of the ad term multiplied by 
tts fuperfenbed fraction,» wliich is greater than 
4a- 4 the product of the two a^acent term., therefore 
tlm figU + h fet below the ad term j and becaufe the 
fquare of the 3d term multiplied by itsoverwritfen frac- 
*t»n, it y* 4 , which is lefs than 24** the prodnft of 
the terms on each fide of it, therefore the fign - is 
placed under that teem { aifo the fign + is let under 
the firft and laft terms. 1 Hence the two changes of the 
underwritten fign* + + — +, the one from 4 to —, 
and the other from -r t<r+, ihew that the given equa¬ 
tion has' two impoflGbk roots. ,, 

When two or more terms are wanting together, un¬ 
der the place of the 1ft of the deficient terms write the 
fign —, under the ad the %u -f, under the 3d 
and fo on, always varying the figns, except that under 
the laft of the deficient terms rauft always be fet the fign 
+ , when the adjacent terms on both fidet of the defi¬ 
cient terms have contrary figns.- As in the equation 
«* + ov 4 * jfc # +*»=£), 

+ + ~ + — ■+• 

which has four Imaginary roots. 

The author remarks, that this rule ‘will fometimes 
fall of difeovering all the impoftible roots of inequa¬ 
tion, for fomc equations may have more of fuch roots 
than can be feundhy this rule, tho*thisfeldolhhappens. 

; -Mr. MachdflHbas given ademonftmtion of tliis rule 
of Newton’V^ptthcr with a>nc of his own, that will 
never fail.' And the fame,has alfo been.done by Mr. 
Campbell. See Plulof. Tranfi vol. 34, n. 104, and 
vol. «y, p. 515, ' * 

The rod and imaginary roots of equations may be 
found from thy method of fluxions, applied to the doc¬ 
trine of maxima and minima, that is, to find fuch a va¬ 
lue of* in an equation, curdling the nature of a curve, 
made equal to y, an abfafia which coirefponds to the 
greateft and kali ordinate. But when the cquation is 
above 3 dimenfions* the computation is very laborious: 
See Stirling's treat ife on the lines of the yd order, 
SchoL pr* 8, pa. 59, &C. 

, IMBIBE, is commonly ufed in the fame fenfe as 
abfurb, viz, where a dry porous body takes up another 
that is moift. 

IMMENSE, that whofe amplitude or extenfion can¬ 
not be equalled by any mcafure wliatfoever, or how of¬ 
ten (©ever repeated. 

IMMERSION, the aft of plunging into water, or 
ibmt other fluid. 

JImm&xsiom, in Aftronomy, is when a ftar, or 


jink'lbd iiia,' : thaftfc.ea*a^^ ffceat*- 
.beihgxa it were enveloped, and hid la the ray* «£'&&* 
luminary. ■*? +■. > -4-* 1 * 

Immessiox alfodenote* the beginning of an edipfei 
orjtrf Can ocodtatibq, 1 when the body, or pay part “.of it 
joft begins to difoppear, cither behind the edge of ano- 
® tr or in its Shadow. * As, in an eclipfi: of the 
moon, when (he begins to be darkened by entering into- 
^™dow of the earth s or the beginning of an 
ecupfe of the fun, when the moon's due juft ..begins 
, to cover him 1 or "the beginning of the ed/pfes af 
f 11 ^ the fatellites, as thofie of Jupiter, by entering 
»nto his (hadow 1 or, laftly, the beginning or an occui- 
tation of any ftar or planet, by pafling behind the body 
o* th e nioon or another planet. In all thefe cafes, the 
darkened body is faid to iifttnerge, or to be immerged, 
or begin to be hid, by dipping as It were into-the (hade. 
In like manner,^ when the darkened body begins to 
appear again, it Is laid to emerge, or come out of dark* 
nefs again. ‘ . 

IMPACT, the fimpk or Angle aftion of one body 
upon another to put it in motion. Point of Impaft, is 
the place Or point where a body*"afts. 

IMPENETRABILITY* a quality by which a 
thing cannot be pierced or penetrated t or a property 
body by which it fills up certain (paces, fo that there 
is no room in th em for any other body. 

IMPENETRABLE, that cannot bc penetrated. 
IMPERFECT Ntnkher, is that whofe aliquot parts, 
taken all together, do hot make a fum that it equal to 
the number itfelf, but eitlrer exceed it, or fall fhort of 
k ; bring an abundant number in the former cafe, and 
a defective number in the latter. Thus, 12 is an 
abundant-Imperfieft number, becaufe the fum of all 
its aliquot parts, 1, a, 3,4,6, makes' 16, which exceeds 
the number 12. And 10 is a defective Imperfeft 
number, becaufe its aliquot puts, 1, 2, 5, taken all 
together, make only 8, which is -left than the number 
lokfclf. 

IMPERIAL Table, is an inftrument madeof brafs, 
with a box and needle, and ftaff, &c, ufed for mea- 
furing of land., - 

IMPERVIOUS, not to be pervaded or entered'ei¬ 
ther becaufe of the clofenefs of the pores, or the parti-' 
cular configuration of its parts. 

. IMPETUS, in Mechanics, forces momentum, mo¬ 
tion, &c. 

IMPOSSIBLE ^yanttty, or Root, the lame as 
iMACiNaav ones; which fee. 

IMPOST, in Architefture, a capital -or plinth, to 
a pillar, or pflafter, or pier, that (imports an arch, &c. 

. IMPROPER Frafftm, is a fraftion whofe numera¬ 
tor is either equal to, or greater than, its denominator. 

f or 4 or V* An Improper fra&ion is reduced 
to a whok or mixt number, by dividing the numerator 
by the denominator $ the quotient is the integer, and 
the remainder fet over the divifor makes the (raftional • 
part of the value of the original Improp er fraftion. 
Thus 4=1,, and 4 —: if, and V — jjfllb that' 
when the numerator is juft equal to the eliminator, 
the Improper, fraftion is exaftly equal to' uiiity or 1 r 
. but when the numerator is the greater, the fraftion m 
greater than s. 

4 L a IMPULSE, 
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IMPULSE* thefiugk or 'SjaraiftitAry, i&m : ft 
force by which a.body u imj^edi i^ eontrsdi^ 
tindlion to fojttinued forces ( like the Uoft of p hwt* 
mOr* Ac. • ' ; . v 

IMPULSIVE* a term applied to. a&iooa .br im¬ 
pair#. ’ , * 

INACCESSIBLE tfrykor Dtian* f h that which 
cannot be apprdtehed* ormeafuredby afkualmcafuro- 
iwent, by fcaion of feme impediment in .the way j as 
water* Ac. 

■ See Hsiokts and Distances.,, 

INCEPTIVE, aCMagaitmd* a ram ufed by Dr. 
Wallis* to exprefs fuch momenta, or ftrft priafeiplcs, as* 
though of no magnitude themfelvcs* are yet . capable of 
producing Awh as are. See Infinite., and Indivisi¬ 
ble. Thus, a point has no magnitude itfdf* but is. 
inceptive of a line, which, it producesby its motion. 
Alfo a line* thqughithas'tio breadth* is yet Inceptive 
of breadth; that is* it is capable* by its motion, of 
producing a furface, which has breadth. * 

INCH, • common Engliih naeafure, being the i ath 
part of a foot* or % barley corns in length. 

INCIDENCE* or Aw^Inciaxncs, in Mechanics* 
implies the direction or inclination in which one body 

ftrtkcs «r a&s on another.' . In the incarfions of two 

moving bodies, their Incidence is laid to be Bind ft 
Oblique* as the diredioas of their motion make a 
ftraifcot line* or an angle at the paint of Iotpoft. 

Aagle tf Incidence, by Come writers* denotes the 
angle comprehended between the line of Incidence, 
Ond a perpendicular to the body a&cd on at the point of 
Incidence. That* fuppofc AB an Incident line, and 
BF a perpendicular to the’plane CB at the incident 
pointB.! then ABF ** the angle of I n c ide nc e* or of ia- 
dkaatien* 

F . X> 


terat,* 

laTRaTvs^-^PP.* 
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\i/Mr Of Iftctwsncfts as the lint KB 
the reflecting pktse at the point of 
t i,i Cathotm of Incidence. Ben Cstmivi 
tjUMnoa. < 

- Ik tf Incidence* Ja Catoptrics, denotes a right 
line* as AB* la which light is propagated from a rs* 
diant point A* to a point B* in the utrfaoe of a fpe* 
eukim. The iaaae luw iaalfe catted an indent ray. 

. Lint if Incut Bares* in Dioptrics, is aright Hoc* a* 
AB, in which light it '•propagated uanefmUd, in the 
fame medium, from the radiant point to the furface of 
the refra&ing body* CBE. 

■Point of Incidmci, is the point B on the furface 
of the renewing or redrafting medium* on which the 
Incident ray faus. , 

Sempht <f Incidence. See Scaun.Es., 

INCIDENT R V , it the line or ny AB* falling on 
the ftirfact of any body, at B. 

■ INCLINATION, in Geometry, Mechanics* or 
PhfhcS* denotes the mutual tendency of two lines,* 
planes* or bodies, towards one another; fo that their 
dwc&ioni make at the point of concouife fomc certain 
angle. 

InclinavsOn of tin Axit of tie Earth, is the angle 
it makes with the plane of the ecliptic ) or tire angle 
between the planes of the equator and ecliptic.' 




But* according to Dr. Barrow* and Came other wri- 
test, the Angk of Incideace is the ■complemeot of the 
former, or the angle made b e t wee n the incident line, and 
the plane afted on* ore tangent at the point of Inci¬ 
dence } as the angle ABC. 

It is demonftmted by optical writers, tft* That 
the Angle of Incidence, of the rays of light, is always 
equal to the angk of refle&ion ! and that they J»* *» the 
/sate plane. - And the feme Jr'proved-by the writers on 
Mcnhanica* aoseerafrg therdkftmn of da&ic bodies. 
That Is, the /.ABF ra the Z.FBD, or the 
A ABC ra the ADBEo-wd* That the fines of thf 
Angles «f Incidence and refva&tan are to 
either aeeontbdf* or very nearly* fa agivenor cooftant 
" That Irosnair into gkfs, the fine of the 
a*ce, is to the fine of 'the angle of m 
to 19$* or nearly a» 14 taiga and*on 
tkeotfclMRPK, that owtofghfsiato air* the figu of the 
Angle of 2 aetdenee,istothefineof thef&gkof veftao* 
tfim* as 193 to joe% eras9 to utnaady. v- 

Inciobk tu of Eelif/e. See Eci>irKaadIx*i*> 
atba. 



IsettHtTioN of a latte to a flame, is the acute angle* 
as CDE, which -die line CD makes with another line 
BE drawn in the plane through the iacideat point D 
and the feet of a perpendiealar E fromdby point of the 
line upon the phusc. * - . 

Inclination of on fnddeatray, it the angk of htli. 
XatioB, nr angle ( incidence. 

Inclination of the Magnet'teal net die. See DirriNO 
Needk. 

Inclination of MtoUtaat, in Dialh'ng, is the an* 
gk that the hour-line bn the globe, which is per* 
pendkubw to the diabdtaan* makes with the me¬ 
ridian. ; 

Inclin ation of the Orbit of a flomet, is the angk 
formed by the planes of 'the ecliptic and of the orbit of 
the planet. The quantity 1 of this Inchnation for the 
feveral planets, is as follows* lit. 

... - & S 4 1 
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Inclination of a Plane, in Dialling, is the arch of. 

a vertical. 
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efcde* perpendicular both to die jltne and 
and intercepted between them. ' 

' of a Planet, is the arch ©rangfe com. 

preheaded between the ecliptic and the place of the 
j* * oiWt. The greateft Institution, or dr- 
**"*"£»•*• **** " *»« Iodi nation of the orbit* 

WtlftCn lCC . 

iNctiNOTfON of aPt/teSafray, it the angle which* 
toy after it fedi on nuke* with the ntti of Inclination 1 
at the angle FBI), h> thelafffig. but one. 

I»ct i n axiom of Tvm Plant, is the anode made - by 
hn>, lines drawn tn tbofe planes perpendicular to their 
common interfelttoit, and meeting in any aoint of that 
interfedion. 

single ^Inclination, is the fame as what is other, 
wife called the angle of incidence. 

Argument of Inclination. See Argument. 

Inclined Plane, in Mechanics, is a plane inclined to 
the horizon, or making an angle with it. It is otfe of 
the Ample mechanic powers, and the double inclined 
ptfoe makes the wedge. 

1. The power gained by the Inclined plane, is in 
proportion as the length of the plane is to its height, 
or as radius to the fine of its inclination; that is, a given 
weight longing freely, \rill balance upon the plane ano¬ 
ther weight, that (hall be greater in that proportion. 
So. when the greater weight 
W on the plane, is balanced by 
the lefs weight tt» hanging per- 
pendicnlariy, then is w : v, :: 

JJC : AC :: fin. I.A : radius. 

Or, in other words, the relative 
gravity of a body upon the plane, 
or its force in defeending down 
the plane, is to its abfolute gravity or weight, in the 
fame proportion of the height of the plane to its length, 
or of the fine of inclination to radius. 

2. Hence therefore the relative gravities of the fame 
body on different inclined planes, or their forces to de- 
feend down the planes, are to each other, as the fines of 
the angles of inclination, to radius i, or di redly as the 
heights of the planes, and inversely as thdr lengths. 

j. Hence, if the planes have 
the fame height, and abfolute 
weights of the bodies be diredly 
proportional to the lengths of 
the planes, tltcu the forces to 
defeend will be equal. Conic* 
quently, if the bodies be then 
connedcd by a firing ading parallel to the planes, 
they will cxadly balance each other; as in the an¬ 
nexed figure. 

4. The relative force of gravity upon the plane being 
in a conftaut ratio to the abfolute weight 01 the body, 
viz, as fine of inclination to radius; therefore all the 
laws relating to the perpendicular free defeents of bo¬ 
dies by gravity, hold equally true for the defeents on 
inclined planes; fuch as, that the motion is a uni¬ 
formly accelerated one; that the velocities are directly 
as tiic times, and the {paces as the fijuare of cither of 
them 1 ufinjg only the relative force upon the plane for 
the abfolute weight of the body, or infiead of j** feet, 
the velocity generated by gravity, *n the firff .fecund of 
•4 





time, u&ig ^xfs, feta* r is the fine of the inclination 
to the-radius 1. ■■>• . v .a 

S- The velocity acquired tar a body in defeending 
down an itwlmed plane AC, 

^hen the body arrives at A, is 
the fame as- the . velocity dq- 
tadrtd by defeending freely 
down the perpendicular altitude 
BC, ^when'ft arrives at B. But 
the times are very different; for. 
the time of defeending down the 
Inclined plane, is greater thaq 
down the perpendicular, in the 
fame proportion as the length of the’ plane AC,, is to 
the height CB : and ,fo the time of defccudinsr from 
any point C to a horizontal line or plane ABC See, 
down any oblique tine, or Inetined plane, is direftly 
proportional to the length of that plane, CA, 4 * CD, 
or CE* or CB, or CF, &d. 

6. Hence, if there he drawn AH perpendicular to 
AC, meeting CB produced in> Hji then the . tone of 
defeending down any plaifoC A, is equal to the time of 
defeending down the perpendicular CH. So that, if 
Upon CH as a diameter a circle be defcritad, tbe times 
of descent wSl be cxa&ly equal, down every chord in 
the circle, beginning at C, and tenninatkig any where 
in the circumference, as Cl, CA, CK, CH, &c, or be- 
ginning any where in the circumference, and terminating 
at the loWeft paint of the 'cirdkr, at CH, IH, AH, 
KH, &c. ^ 

> 7. When bodies a&endup Inclined planes, their mo¬ 
tion is uniformly refolded , and all the former laws for 
defeeata, or the generation of motion, hold equally 
true for afeents, or the definition nf as much motion* 
Inclined Towers, are towers inclined, or leaning 
out of the perpendicular. Set Towers. 

INCLINERS, in Dialling are inclined dials. See 
Dial. — 

INCOMMENSURABLE, Lines, or Numbers, or 
Quantities in general, are fuch as have no common mea- 
fure, or no line, number, or quantity of the fame kind, 
that will meafure or divide them both without a remain¬ 
der. Thus, the numbers 15 and id are Incommcn- 
furable, becaufe, though 15 can be mcafured by 3 and 
5, and 16 by a, 4, and 8, there is yet no (ingle number 
that will divide or meafore them both. 

Euclid demonfirates (prop. 117, lib. 10) that the fide 
of a fqttare and its diagonal are Incommenfurable to 
each other. And Pappus, prop. 17, lib. 4, fpeaks of 
Incommenfurable angles. 

Incommrnsvrable m Power, if faid of quantities 
whole 2d powers, or fquarcs, are Incommenfurable. As 
J2 and If 3, whole Iquarcs are a and 3, which are 
incommenfurable. It is commonly fuppofed that the 
diameter and circumference of a circle are Incommen- 
finable to each other; at leaft their conunenfurability 
has never, been proved. And Dr. Barrow furmifes even 
that they are infinitely Incommenfurable, jm t. that all 
poffible powers of them are IncorameafuiSHfik 

INCOMPOSITE Number r, are the fenMtfc Ofofo 
called by Euclid prime numbers, being foch as a if not 
compofed by the multiplication together of other num¬ 
bers. As 3, St 7 1 1 1 * &c> 

** INCREMENT, 



INC i * 6jq J ;|NC 


INCREMENT, is the finall incrcofe of a variable 
quantity. Newton, in his Treattfe on fluxions, cs*H| 
thefe by the name Moments, and obferves that they are 
proportional to the velocity or rate of increafe of the 
flowing or variable quantities, in an indefinitely finall 
time; he denotes them by ftfcjoiiqng a cipher o, to the 
flowing quantity whofe moment' or Increment it is; 
thus \q- the moment of x. In the do&rine of Incre- 
fients,’ by Dr. Brooke Taylor and Mr. Etgerfcn, they 
are denoted by points below the variable quantities j 
as x. Some have alfo denoted them by accents under¬ 
neath the letter, as a j but it is now more ufual to ex- 
prefs them by accents over the fame letter ; as v. 

INCREMENTS, Method of, a branch of Analytics, 
In which a calculus isfiourfded on the properties of the 
fucceffive valves of variable quantities, and their diffe¬ 
rences, or Increments. 

The inventor of the Method of Increments was the 
learned Dr. Taylor, who, in the' year 1715, published a 
treatife upon it; and afterwards gave tome farther ac¬ 
count and explication of it in the rhilof. Tnuif. as ap¬ 
plied to the finding the fuma qf feries. And’another 
ingenious and cafy treatife on the fame, was -publifhed 
by Mr. Emcrfon, in the year 1763. The method is 
nearly allied to Newton’s DoSrine of fluxions, and 
arifes out of it. Alfo the Differential method of Mr. 
Stirling, which he applies to the funurnation and Interpo¬ 
lation of feries, is of the fame nature as the Method of 
Increments, but not fo general and extenfive. 

' From the Method of Increments, Mr. Emerfon ob¬ 
ferves, u The principal foundation of the Method of 
Fluxions may be eafuy derived; For as in the Method 
of Increments, the Increment may be of any magnitude, 
fo in the Method of Fluxions, it mail be fuppolbci infi¬ 
nitely faiail t whence aQ preceding and fucceffive values 
of tne variable quanti fy w iH be equal, from which 
equality the rules fsa : aMjbrming the principal opera¬ 
tions of fluxions are pflHately deduced. That I may 
give the reader, continuesne, a more perfeft idea of the 
nature of this method: fuppofe the abfeifla of a curve 
be divided Into any number of equal parts, each part of 
which it called tne Incremen t of the abfeifla; and 
imagine fo many parallelograms to be ere&ed thereon ; 
either circufnfcribing the-curvilineal figure, or inscribed 
in it; then the finding the fum of all thefe parallelo¬ 
grams is the bufinefs of the Method of Increments. But 
tt the parts of the abfeifla be taken infinitely (mall, then 
thefe parallelograms degenerate into the curve; and 
then it is the bufinefs of the Method of Fluxions, to 
find the fum of all, or the area of the curve. So that 
the Method of Increments finds the fum of any number 
of finite quantities; and the Method of Fluxions the 
fum of any infinite number of Infinitely fmall ones: 
and this is the effrntial difference between thefe two. 
methods.” Again, “ There is.finch a near relation, 
b e t w e e n the Method of Floxiodi, nod that of Inert- * 
menu, that many of the rules forthe one, with little 
variation, fern alfo for the'Other." And here, as in 
the Method of Fluxions, fome qneftions may be 
folved, a|||the integrals found, in finite terms; whilft 
in others we are . forced to haSfe recourfe to infi¬ 
nite feries for ajfolation. And the tike'difficulties wlO 
occur in the Jdethodcf J r^remcnts, as ufually happen 
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ha Fluxiopa. For. whilfi fame fiuxionary quanthhuhavt 
bo’ fluents, but what ire exprefied hx feri«a|Sfinat 
Increments ham no. integral^ but warns j utAmRpei 
afford; Which irift, oftfn, as in fluxions^^lvetgq and 
beooiae ufelefe.” 

means of the Method of IncttmeaU* many cu¬ 
rious and ufeful p?>b’ems are ctflf reiblvod, which 
fcarcely admit of a solution ip any other way.As, fuppofe 
fevers! feries of quantities be given, whofe terms are all 
formed according to fomecertain law* which is given ; 
the Method of Increments will find opt a general 
feries, which comprehends dQ particular cafes, and from 
which all of that toad may Be found. 

The Method of Increments is lilfo of great ufe in 
finding any term of a feries propofed 1 for the law 
being, given by which the teems are formed; by means 
of this genera law, the Method of Increments will 
' help us , to this term, either exprefied in finite quanti¬ 
ties, or by an. infinite feries. 

Another ufe of the Method of Increments, is to find 
the fume of. feries; which it will often do in finite 
terms. And when the fum of a feries cannot be had 
in finite terms, we niuft have recourfe to infinite feries; 
for the integral being exprefied by fuch a feries, the 
fum of a competent number of iu terms will give the 
fum of the series requited. “This is equivalent to 
transforming one feries into another, converging quick¬ 
er : and fometimesa very few terms of this feries will 
give the fum of the feries fought. 

Difoitioiv in the Method of Incrementt. 

l. When a quantity is confidered as increafing, or 
decreasing, by certain Heps of degrees, it is called an 
Integral. 

x. The increafe of any quantity from its prefent 
value, to the next fueceading value, is called an Incre¬ 
ment : br, if it decreafes, a Decrement. 

3. The increafe of any Increment, is the Second 
Increment; and the increafe of the ad Increment, is 
the 3d Increment; and fo on.. 

4. Succeeding Values, are the feveral values of the 
integral, fycceeding one another in regular order, from 
the prefent value; and Preceding Values, are fuch as 
arife before the prefent value. AH thefe are called by 
the general term Fa&ors. 

5. A Perfect quantity is fuch as contains any num¬ 
ber of fucceflivc values without intermiffion ; and a 
Defective quantity, is that which wants feme of the 
fucceffive values. Thus x xxx Isa FerfeA quantity; 

and x x x, an ItnperfeA or defe&ive one. 

Notation* This, according to Mr. Emerfon’s method, 
ia as fallows s . . 

1. Simple Integral quantities arc denoted by any 
letters whatever, as s, j, x,u. See. 

a. the feveral values qf a Ample integral, are de¬ 
noted by the feme-letter with final! figures under than t 
fo if v be »n integral, then x, *, x, x, Ac are the pre¬ 
fent value, and the *fi, ad, 3d, Ac, fucceffive values 
of it 1 and the preceding values are denoted by figures 
with negative figns, thus «,«,«,«, are the i£ ad. 


INC 
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$&t jfjypreceding values 5 mid the figure denoting any 
valj^Hthe charafteriftic. 

Increments are denoted with the fame letters, 
«M points under them: thus, y is the Increment of x r 
and * is the increment of z. Alfo x is the Increment 

* I* 

of x j and x of x, &c. 

I a. a 

4. The 2d, 3d, and other Increments, are denoted 
with two, three, or more points: fo a is the ad Incre¬ 
ment of z, and * is the 3d Increment of «, and fo on. 
And thefe are denominated Increments of fuch an 
order, according to the number of points. 

5. If x be any Increment, then [x] is the integral of 
it; alfo *[.1] denotes the integral of [xl, or the 2d 
integral of x •, and »|V] is the 3d integral of x, or an 
integral 0/ the 3d order, 8 cc. 

6 . Quantities written thus, _ . 

je ... x mean the fame as x x x x x, or fignify that 

the quantities are continued from the firft to the laft, 
without break or interruption. 

To find the Increment ofany Integral , or variable quantity. 

Rule l. If the propofed quantity be not frational, 
and be a perfeft integral, confiftuig ofthefucceffivc va¬ 
lues of the vaitable quantity which increafes uniformly: 
Multiply the propofed integral by the number of 
fa&ors, and change the loweft factor for an Incre¬ 
ment. So the Increment of a—$x+ 6 z is —3x4- 6« ; 
for the Increment of the cunftant quantity a is o or 
nothing. So likewife, 

The I ncrement of c x x x x, is 4c x x x 

1 it . 1*1 

The Increment of ax x x, is $a* x x. 

• 3 .1.1 

The Increment of x .. . x, is w + n + 1 . x x . . . x. 

- m n t-m+t n 

Rule 2 . In fractional quantities, where the denomi¬ 
nator is perfect, and the variable quantity increafes 
uniformly: Multiply the propofed integral by the 
number of faflors, and by the conftant Increment with 
a negative fign, and take the next fueceeding value 

into the denominator. Thus, 

a . —50* 

The Indbment of - 


* 1 


The Increment of —- or m 


— 1 


x» 

. t 1 _. - 3 -s 

1# + • 1 

“4 -S -t 

a — 3x «x + 6« ** — iox f* See 

A* X* X* 

The Increment of a x ,a being conftant, is 


The Increment of- 



x 

4 


18 


A' • 


The Increment of 


-, is - 

. X X 


. . X 

s 

-SK V 


a at n 
The Increment of xz is xz — xz — 

t 1 

x + x . % 4- « — xz ss + X*? • 

And fo on for any form of Integral whatever, fob- 
trading the given quantity from its next fueceeding 

value. So, ... , 

The Increment of the log. of x is log. x — log, » 

= teg. x + * - log. x = lo S-» wU5ch » hy 

nature of logarithms, is 

JL _ - 8c c. 

x 2*» 3*» 4X 4 

SchoL From hence may be deduced the principles- 
and rules of fluxions} for the method of fluxions is 
only a particular cafe 'of the method of Increments, 
fluxions being infinitely fmall Increments j therefore if 
in any form of Increments jitlncrement be taken, 
infinitely fmall, the form orjHos wDlfce changed 

into a fluxional one. ^ 7 , . , ’ , . e 

Thus, in zx + x* + x*, which is the Increment of 
the rcCtangle xz, if" x and* be changed for *• and *, 
the expreflion will become zx + x» + for the 
fluxion of x*, or only + x*, becaufe a* is infi- 
nitely lefs than tRe rdf. 

So likewife, if y be changed for * m this 


'i—•_1 

nx x + 


«.« — I a—* . . —1 .».—2 

ji - v x* *4* - *“ 

2 *• 3 


e —3 , 
x t* 


0/ 


x....x *••••* 

Rule 3. The Increment oi any power, as x" is 
x 4. *■»*—b"} that is, the difference betwee n the pre - 
fent valuex» and the next fueceeding valucx + *T- 

And 
ever, 

the given quantity, **««« *» — —-r « f • 
AMo bv expanding the compound Quantity m a «■«**» 
2 % £ from itf tl* Wow* -ill b« 

either 


See, which is the Increment of x", it becomes 
__ m.m —1 »—* .. . n.n-l.n~2_n 



x*+ 


m.r— i.n—2 *- 

■ . . 

*•3 


-*,s 



n-i 


n.n— 1 


mm MX 


JB*« X 



+ 9 t kCtar 

• a. 3 

x» 


m.m— lot—a 
a <3 


s 


So the Increment of x 4 .» * + 
4X*r + 6*V + 4 *>» + • * 


Sec, or only nx*" V, for the fluxion bf the power x», 

. * ft ... ..nil Kx Ti/M-htnrr -K**r*anff* 


as aU the teims after the firft will be nothing,-becaufe 
x* and ** &c are infinitely lefs than *• 

And thus may all the other forms of fluxions be de¬ 
rived from the correfpondmg Inerements. And in like 
manner, the finding of the integrals, is only a more 
general* way of finding fluents, as appears m what 

follows. 

To find out the Integral of any given IncrAntk.. 

Rut t 1. When the variable quantity incrMfca uni: 
formlv and the propofed integral confifts of the fuc- 
ceffivJ’values ofh multiplied together, or is a perfeCl 

uSSSrU fn*oJ ; Mmtiply the given I«cre- 



I N C 


C 63* 1 


I N 0 


ment by the next preceding value of tKe Gamble quan* gay muaberof terataof the Jerie* i.t Hh JkJ db fl»f 
tity, then divide by the new mimber of fodori, and by + 4.5 &c. 


the conftnnt Increment* 

Ex. Thus, the integrmlof 4c*?xx is cxxxx. 

. , / . ,*«* 

The integral of so* x xu ax x x. 

• * % «. « . } • 1 » I 

R ule «, In a. fractional etpreSon, when: the va¬ 
riable quantity increafes uniformly, and the denomi¬ 
nator iti perfect, containing the fucceffive Values of the 
variable quantity: Throw out the greateft value of 
tlie variable letter, then-divide by the new number of 
fa&ors, and by the conftamt Increment with a negative 
fign. So, 

The integral, of . r >8 


s 


X 

4 


The integral of 


—r.r 


n 


X • o ■ ■ X X • • • • X 
m % 6 .1 S 

Rule 3. Various other particular rules are given, but 
tbefe and the two foregoing are all beft included in 
the following general table of the mod ufeful forms of 
Increments and integrals, to be ufed in the fame way 
as the funtlar table of fluxions and fluents, to which 
thefc correfpond* 


| jt Table of Increments and their Integrals. j 

Form* 

Inc remenu 

InteguU 

1 

xrwlien eanftant 

not conftaat 

x, or x, or x, or * &c. 

» s s 

x only* 

2 

M ...... .teir 

jr ........ x ■ 

♦ ow HK 

*. - 1 * 

SB + R 

3 

.f 

— a 

X ....... ST 

•m i 

coniunt 

• Jn «. 1 

* 

4 

Xf + XX 

I ’ 

V. 

xz 

5 

*y — xff 

8» 

t 

X 

Jt “ 

6 

\ • 

. 

•y given 

a ' 

x ■ 

, 4 * - I \ 


I*et x be the number of the terms, 
and a the fum of them. 

Then, by the progreffion of the feries, the lad or the* 
term is xx, and the next term after that will be * x t , 

that is ssrr, where f as t. Hence the integral it 

* r= f * x» as }*. * + 1.« + 2, which ts the fum of 

x terms 0/ the gives* fence. So if the number of terms 
x be io, this becomes 1.10.it.is a* 440, which is 
the fum of 10 terms of use given Series 1.1 + 1.3-f-3.4 
flee. Or, when x a= 100, the fum of 100 terms of the 
fame feries ta j . 100. IOI. 102 =r 100. IOI . 34 as. 
343400. 

Again, to find the fum z of n terms of the feriea 

— + '***'+ —— &c. 

**S *5 3 * 5*7 5 * 7*9 

HeK the *th term is 1 


Put xs2n 
theoth term is 


in — l.im + I.2W+ 3 
i; then is x—tnss 2, and 

o • 

l I 

i 


X.M + t.K -f- 4 

and the a ith term or at is 


XXX 
1 > 


- 1 


xxx 
11 

— I 


the general 


.Integral^ when found from given Increments, are 
correfted in tly very fame way as fluents when found 
from given fluxions, viz, in Head of every feveral variable 
quantity in the int^4, fubftitntiuk fuch a determinate 
mine of them asthey are known to nave in fome particu¬ 
lar cafe | and then fubtnr ring each fide of the refill ting 
equalflbn fsorn «he xiwrefpoKiqg fide of the integral, 
the remaining equation wfll bethe carroft foam ox the 
integrals. - ~ 

ror an acaample of the mfe of the Method of In* 
cranaents, &ppeteit were required*© find the fum of 


integral of which is % 

txxx 4* at 

But this wants a corrc&ion;, for when a = o or no 
terms, then ss-i, and tlie fum *. = o, and the in- 

' _ J mmm\ I 

tegral becomes * or o = -s-1 that is- 

. ■f * ,, 3 12 11 

h the cotrc&ion, and being fublrattcd, the cprrcft 

date of the integrals becomes 

% _ J_i_ __ I I _ which 

It +XX ~ It 4.2/1 + 1.2R + 3 * * 

I I 

is the fum of n terms of the propofed ferfes. And 
when r is'infinite, the latter fraction is nothing, and the 
fum of the infinite feries, or the infinite number of the 

1 ' 

terms, is accurately « 

When r as too, the fum of 100 terms of the feries 

. I I i t- 

becomes s s —* ~ .. 3*—— » —.. . 

12 4.201.203 12 1O3212 

For more ample information and application on 
this feiettee, fee r.merfon’s Increments, Ta)k>r*s Me- 
tfaodus Incrementorum, and Stirling's Summatio St 
Interpolate Serierum. 

INCURVATION of foray* of Light. SeeluoHT, 
and Rbvzactiom. 

INDEFINITE, Indeterminate, that which has no 
certain bounds, of to winch the human mind cannot 
affix any. DerCartes ufes the word, in his Philofophy, 
inftead of infinite, both in aumbort and quantities, to 
fignify an .inconceivable number, or number fo great, 
tut an tout caaaot be added ,to it yanda quantity 
fo gr e at , as pot to be capable of any addition. Thus, 
he lays, the flam, vifible aid mrifible, are in number 
Indefinite, and not, m the Ancients keU, infinite; and 

that* 
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qnantftym&y 1* divided intow Indefinite number 
an infinite number. 

Indefinite is now commonly ufed f6r indeterminate, 
■umbo:, ot quantity, that is, a number or quantity in 
general, m cotofersufiftiu&ion from fome particular known 
‘ima given one. 

INDETERMINED, or Indeterminate,™ Geo- 
metry , is underftood of a quantity, wliich has no cer¬ 
tain or definite bounds. 

. iHUETitaMiNATE ProMem* is that which admits of 
innumerable different-folutions, and fometimes perhaps 
only of, a great many different anfwers 5 otherwife 
called an unlimited problem. 

In problems pf this kind the number of unknown 
quantities concerned, is greater than the number of 
the conditions or equations by which they are to be 
found; from which it happens that generally fome 
other conditions or quantities are affumed, to fupply 
the defeat, which being taken at gleafurc, give the 
fame number of anfwers as varieties in thofeaffumptions. 

As, if it were required to find two fquarc numbers 
whofe difference fhall be a given quantity d. Here, if 
k 1 and y* denote the two fquares, then will **— y z =zd, 
by the queftion, which- is oiuy one equation, for finding 
two quantities. Now by affuming a third quantity 
b ib that * =s or -f-y the fum of the two roots ; then 

** 4* d **'— d ... . t 

is x = ■——, and y as . . — , which are the two 

roots having the difference of their fquares equal to 
the given quantity d, ind arc expreffed by means of 
an affumed quantity a; fo that there will be as many 
anfwers to the queftion, as there can be taken values 
of the Indeterminate quantity a, that is, innumerable. 

Diophantus was the firft writer on Indeterminate 
problems, viz, in his Arithmetic or Algebra, which 
was firft published in 1575 byXilandcr, and afterwards 
in 162 1 by Bachet, with a large commentary, and many 
additions to it. His book is wholly upon this fubieft; 
whence it has happened, that fuch kind of queilions 
have been called by the name ofDiophantine problems. 
Fermat, Des Cartes, Frenicle, in France, and Wallis 
and others in England, particularly cultivated this 
branch of Algebra, on which they held a correfpond- 
encc, propofing difficult queilions to each other; an 
initance of which arc thofe two curious ones, propofed 
by M. Fermat, as a challenge to all the mathemati¬ 
cians of Europe, viz ift. To find a cube number which 
added to all its aliquot parts fhall make a fquarc' num¬ 
ber } and 2d, To find a fquare number which added to 
all its aliquot parts fhall make a cubic number; 
which problems were anfwcred after fcvcral ways by 
Dr. Wallis, as well as fome others of a different na¬ 
ture. See the Letters that paffed between Dr. 
Walla, the lord Broimkcr, Sir ICenelm Digby, &c, 
in the Doctor's Works; and the Works of Fermat, 
which were collc&ed and puhliflicd by his fon. Molt 
authors on. Algebra have wfo treated more or left, on 
this part of H* but more efpecially Kerfey, Prrilet, 
Ozanam, Kirkby, fto. But afterwards, mathemati¬ 
cians feemed to have forgot fuch queilions, if they-did 
not even defpife them as ufelefs, when Euler drew 
their attention by fome excellent competitions, demon- 
Anting fome mineral theorems, wliich had only beca 
Vou I. 


known by induftion. M. !a Grange has alfo talc*}* 
up tlie fubjedt, having refolved very difficulf ptoble)«i» 
in a general way, and difcovered more dirett methods 
than heretofore. The 2d volume of the French tranf- 
lation of Eider’s Algebra contains an elementary 
treatife on this branch, and, with la Grange’s addi¬ 
tions, ad excellent theory of it; treating venrgene¬ 
rally of Indeterminate problems, of the firft and fo» 
eond degree, of folutions in whole numbers, of the me¬ 
thod of Indeterminate coefficients, 8tc. 

Finally, Mr. John Leflie has given, in the id volume 
of the Edinburgh Philof. Tranfattiona, an ingenious 
P a Pf on the refolution of Indeterminate problem*, 
refolving them by a new and general principle. “ The 
dodlrine of Indeterminate equations,” fays Mr. Leflie, 
“ has been feldom treated in a form equally fyftcmatlc 
wvth the other parts of Algebra. The folutions com- 
mouly given are devoid of uniformity, and often 
require a variety of affumptions, The obieft of this 
paper is to refolve the complicated exprefnons which 
we obtain in the folution of Indeterminate problems, 
into Ample equations, and to do fo, without reaming % 
number of affumptions, by help of a Angle principle; 
which though extremely fimple^ admits of a very ex- 
tenfive application,” 

“ Let A x B be any compound quantity equal to 
another, C X D, and let m be any rational number 
affumed at pleafure; it is manifeft that, taking equi¬ 
multiples, A x m B ass C X m D. If, therefore, we 
foppole that A = «D, it mull follow that «B = C, 
C 

or B as — . Thus twm equations of a lower dimenv 

Tft 

fion are obtained. If thefe be capable of farther dc- 
compofition, we may affume the multiples n and fi, 
ahd form four equations ftilimprc fiaiple. By the 
repeated application of this oflMfo^as h«. > !ier equa¬ 
tion admitting of divifors, W®jpjrrefclvecfinta thole 
of the firlt order, the number of which will be one 
greater thap that of the multiples affumed.” 

For example, refuming the problem at firft given, 
viz, to fiud two rational numbers, the difference of the 
fquares of which fhall be a given number. Let the 
given number be the produEf of a and b j then by hy- 
pothefis, x* —y* — ah ; but thefe c ompou nd quanti ties 
admit *of an eafy refolution, for x + y X x —y = 
a X l. If therefore we fuppofe # + y as ma , we 


fhall obtain x — y = —» where m is arbitrate 


m 


and if rational, x and y mail alfo be rational. Hence 
the refolution of thefe two equations gives the yalues 
of a- and y, the numbers fought, in terms of m ; viz, 

m*a + b , mVi —b 
x = _-, and y = 

IMDEX, in'Arithmetic, is tlve fame with what is 
otherwife called the duira&crillic or the exponent 
of a logarithm ; being that which ihews of how many 
places the abfolute or natural number belonging to 
the logarithm, confifts, and of what nature it is, whether 
an integer or a fraction ; the Index being lefs by l 
than the number of integer figures in the natural num¬ 
ber, and is pofitive for integer or whole numbers, but 
negative in fractions, or in the denominator of a firac- 
4 M- *»»* 
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tion; and in decimals, the negative index is 1 more 
than the number of cipher* in the decimal, after the 
point, and before the firfl fignificant figure; or, ftill 
more generally, the Index (hews how far the firft 
figure of the natural number is diftant from the-place 
of units, either towards the left hand, at in whole num¬ 
bers, or towards the right, as in decimals ; thefe oppo- 
fite cafes being marked by the correfpondent figns + 
and —, of oppolite affe&ions, the fign — being fet 
over the Index, and not before it, becaufe it is this 
Index only which is underftood as negative, and not 
the decimal part of the logarithm. Thus, in this lo¬ 
garithm 2*4234097, the figures of whofe natural num¬ 
ber are 2651, the 2 is the Index, and being pofrtive, 
h (hews that the firft figure of the number mail be 
two places removed from the units place, or that there 
will be three places of integers, the number of thefe 
places being ahvavf 1 more than the Index ; fo that 
the natural number will be 265*1. But if the fame 
Index be negative, thus 2*4234097, it (hews that the 
natural number is a decimal, and that the (nil figni- 
ficaiit figure of it is in the 2d place from units, or that 
there is one cipher at the 
beginning of the decimal, 
being 1 Jefs than the ne¬ 
gative Index; and confe- 
quently that the natural 
number of the logarithm 
in this cafe is *02651. 

Hence, by varying the 
natural number, with rc- 
fpc£l to tiic decimal places 
in it as in the former of 
the two columns here an¬ 
nexed, the Index of their 
logarithm will vilry as in the 2d column. 

Mr. Townly introduced a peculiar way of noting 
thefe Indices, when they become negative, 01 exprefs 
decimal figures, which is now much in ufe, especially 
in the log. lima and tangents, £<c, viz, by taking, 
inftead of the true Index, its arithmetical comple¬ 
ment to xo; fo that, ip this way, the logarithm 
2*4234097 is written 8*4234097. 

for the addition and fubtratlion of Judges, fee 
Logarithm. 

Index of a Globe, is a little flyle fitted oil to 
the north-pole, and turning round with it, pointing 
•ut the divifioiiS of the hour-circle. 

Indvx of a Quantity, in Arithmetic and Algebra, 
o'.lierwife called the exponent, is the number that 
Ibews to w-hot power it is underltood to tie mi fed : as 
in io 3 , or a 3 , the figure 3 is the Index or exponent of 
the power, figicfying that the root or quantity, 10 or 
a, is raifed to the 3d power. See this fully treated 
tinder ExfOnent, 

INDICTION, or Roman In diction, a kind of 
epoch, or manner of counting time, among the Ro¬ 
mans } containing a cycle or revolution of 15 years. 

The popes have dated their a£ls by the year of the 
IndiCtion, which was fixed to the in of January anno 
Domini 313; ever fmcc Charlemagne made them fovc- 
reign; before that time, they dated them by the years 
uCtJte Emperors.. 


At the time of reforming the calendar, the year 
1582 was reckoned the loth year of the Indidlion ; 
fo that beginning to reckon from hence, and dividing 
the number of years elapfed between that time and 
this, by 15, the remainder, with the addition of 10, 
rejecting 15 if the fum be more, will be the year of 
the Indidlion. 

But the Indiclion will be eafier found thus: Add j 
to the given year of Chriil 5 divide the fum by 15, 
and the remainder after the diviiion, will be the year 
of the Indidlion: if there be no remainder, the In- 
didtion is 15. In either of thefe ways, the Indidlion 
for the year 1195 is 13. 

INDIVISIBLES, are thofe indefinitely fmall ele¬ 
ments, or piineiples, into which any body or figure 
may ultimately be divided. 

A line is (aid to court ft of points, a furfacc of paral¬ 
lel lines, and a folid of parallel turfaces : and becaufe 
each of thefe element* is fuppofed Indivitible, if in any 
figure a line be drawn perpendicularly through all the 
cli meuts, the number of points in that line, will be 
the lame as the number of the elements. 

Whence it appears, that a parallelogram, or a prifru, 
ora cylinder, is rtfolvable into elements, as Indivili- 
bles, all equal to each other, parallel, and like or 
fimihir to the bale ; for which reafon, one of thefe ele¬ 
ments multiplied by the number of them, that is the 
bafe of the figure multiplied by its height, gives the 
area or content. And a triangle is refolvahle into 
lines parallel to the bafe, but decreafing in arithmetical 
progreifion; fo alfo do the circles, which conftitutc 
the parabolic conoid, as well as thofe which conflitute 
the plane of a circle, or the lurfacc of a com*. Ill all 
which cafes, as the laft or lead term of the aiithmctie 
progrefiton is o, and the length of the tiguie the lame 
thing as the number of the terms, therefore the great v (1 
term, or bafe, being multiplied by the length of the 
figure, half the produdl is the fum of the whole, or 
the content of the figure. 

And in any other figure or folid, if the law' of the 
decteafe of the elements be known, and thence the re¬ 
lation of the fum to the greatell term, which is the 
bafe, the w'bolc number of them being the altitude of 
the figure, then the faid fum of the elements is always 
the content of the figure. 

A cylinder may alfo be rcfolved into cylindrical 
curve furfaces, having all the fame height, and conti¬ 
nually' decreafing inwards, as the circles of the bafe do, 
on wdiich they iufift. 

This way of confiderlng magnitudes, is called the 
Method of Indivifibles, which is only the ancient method 
of exhauitions, a little difguifed and contracted. And 
it is found of good ufe, both in computing the con¬ 
tents of figures in a very (hurt and eafy way, as above 
inftanced, and in (hortening other demonurations in 
mathematics ; an inftance. of which may here be given 
in that celebrated propofition of Archimedes, that a 
fphere is two-thirds of its circuiuferibed cylinder 
Thus, ' 

Suppofe a cylinder, a hemifpherc, ; pd an inverted 
cone, having all the fame bafe and altitude, and cut * 
by an infinite number of planes all parallel to the bafe, 
of which EFGH is one ; it is evident that the fquare 
of lil, the radius of the cylinder, is every where equal 

* to. 


Number. 

Logarithm. 

2651 

265*1 

26*51 

2*651 

*2651 

•O265I 

*002651 

3*4234097 

2*4234097 

1*4234097 

0*4234097 

7*4234097 

2*4234097 

3*423409-7 
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to the fmiare of SF, the radim 
of the fplierc ; and alfo that 
the fquare of El, or of SF, is 
equal to the fmn of die fquares 
of IF and IS, or of IF and 
IK, becaufe IK = IS; that 
is, IE* = IF 1 4 - IK*, in every 
pofition; but IE is the radius . , ... . 

of the cylinder, IF the corre- J 

fponding radius of the fphere, 

and IK that of the cone ; and the circular fe&ions of 
thefe bodies, arc as the fquares of their radii; there¬ 
fore the fe£tion of the cylinder Is every where equal to 
the fum of the fcdlions of the hemifphere and cone; 
and, as the number of all thofc fedlions, which is the 
common height of the figures, is the fame, therefote 
*11 the fedtions, or elements, of the cylinder, will be e<|ual 
to the Ami of all thofe of the hemifphere and cone taken 
together ; that is, the cylinder is equal to both the he- 
tmfphcre anil cone: but as the cone itfelf is equal to 
one-third part of the cylinder; therefore the hemi- 
fphert is equal to the other two-tliirds of it. 

The Method of Imli'. ilibles was introduced by Ca- 
valerius, in l6.ty, in his Geoinetria Indivifibilfum. 
The fame was alfo purfued by Torricelli in his works, 
piinted 1644: and again by Cavalerius hiinfelf in an¬ 
other treat ife, piibllfiied in 1A47. 

1 N K R T ( jV. [ At. S ee V is Inert!*. 

INFINITE, is applied to quantities which are either 
greater or lefs than any afliguable ones. In which 
lenfe it differs but little from the terms Indefinite and 
Indeterminate. Thus, an 

Infinite, or Infinitely great line, denotes only an 
imli finite or indeterminate line ; or a line to which no 
ceitain bounds or limits arc preferibed. 

Infinite Quantities. Though the idea of magni¬ 
tude infinitely great, or fitch as exceeds any allignablc 
quantity, does include a negation of limits, yet all 
inch magnitudes are not equal among them (lives ; but 
lielides Infinite length, and Infinite area, there are no 
Itfs than thric fcvcral forts of Infinite folidity; all of 
which are quantities fui generis ; and thofe of each 
fptcies are in given proportions. 

Infinite length, or a line infinitely long, may be 
coniineicd, either as beginning at a point, and fo in¬ 
finitely extended one way ; or elfe both ways iioin the 
fume point. 

As to Infinite fui face or area, any right line infi¬ 
nitely nit ended both ways on a plane infinitely extend¬ 
ed every wav, divides that plane into two equal parts, 
one on each‘fide of the line. But if from any point in 
fuch a plane, two right lines be infinitely extended, 
making ;.u angle between them ; the Infinite area, in¬ 
tercepted la tween thefe Infinite right lines, is to the 
whole Infinite plane, as that angle is to 4 light angles. 
And if two Infinite and parallel lines be drawn at a 
riven defiance on fuch an Infinite plane, the area in¬ 
tercepted between them will be likewife Infinite j but 
^ct it will bo infinitely Itfs than the whole plane; and 
even infinitely left than the angular or fcttaral ipace, 
intercepted between two Infinite lines, that are inclined, 
though at never fo fmall nn angle : becaufe in the one 
cafe, the given finite diltance of the parallel lines di- 
ttJuilhcs the Infinity in one of the dimeufiont ■, whereas 


m a fcflor, there it Infinity in both dimenfions^. And 
thus there are two fpecics of Infinity in furfacee, tlte 
one infinitely greater than the other. 

In like manner there arc fpecies of Infinites in folidt, 
according as only one, or two, or as all their three.di- 
menfions, are Infinite} which, though they be all.in¬ 
finitely greater than a finite folid, yet are they in fuc- 
ceflion infinitely greater than each other. 

borne farther properties of Infinite quantities are at 
follow. 

The ratio between a finite and an Infinite quantity, 
is an Infinite ratio. 

If a finite quantity be multiplied by an iafiuitely 
Fmall one, the product will be an infinitely fmall one j 
but if the former be, divided by the latter, the quotient 
will be infinitely great. 

On the contrary, a finite quantity being multiplied 
by an infinitely great 011c, the product is infinitely 
great; but the former divided by the latter, the 
quotient will be infinitely little. 

The product or quotient of an infinitely great or aa 
infinitely little quantity, by a finite one, is refpeCtiveJy 
infinitely great, or infinitely little. 

A11 infinitely great multiplied by an infinitely little, 
is a finite quantity ; but the former divided by the 
latter, the quotient is infinitely Infinite. 

The mean proportional between infinitely great, and 
infinitely little, is finite. 

Arithmetic of Infinitis. See Arithmetic. Alfo 
Wallis’s treatife of this fuhjedt; and another by Etner- 
fon, at the beginning of his Conic Mediums ; alfo Bui- 
liald’s treatile Arilhmetxa Injinitoruin. 

Infinite Decimals , fuch as do not tewiirate, but 

• • 

go on without end; as *333 See = |, or ’142857 &c 
s= '. See IihriiTENi). 

Infinitely Infinite Fradians, or all the powers of 
the fradlions whofc numerator is 1 ; which are all to¬ 
gether equal to unity, as is demonIlrated by Dr. Wood, 
in I look’s Philof. Coll. N* 3, p. 45 ; where fome 
curious properties are deduced from the lame. 

Infinite Seties , a i'eries eonfidered as infinitely con¬ 
tinued as to the number of its terms. See Series. 

INFINITESIMALS, arc certain infinitely or in¬ 
definitely fmall parts ; as alio the method of comput¬ 
ing by them. 

In the method of Infinitcfimals, the element by 
which any quantity incrcafes or dccrcafc;;, is Aippol’cd 
to be infinitely fmall, and is generally exprrfhil by two 
or more terms, lome of which are infinitely lefs than 
the red, vtllicit being neglected as of no importance, 
the remaining terms form what is called the Jifit retire 
of the propofed quantity. The terms that arc ne¬ 
glected in this inaiuur, as infinitely lefs than the other 
terms of the clement, are the very fame v.hich at ife in 
confcquci.ee of the accchiatiou, or retardation, of the 
generating motion, during the infinitely fumil time iu 
which the element is goicr-u cd; fo that the ninaming 
terms ex pit fs the element that would hive been pro¬ 
duced in that time, ii the gcricr: ting motion had con¬ 
tinued uniform. Therefore, thofe dtfirtnets are ac¬ 
curately in the fame mtio to each other, as the generat¬ 
ing motions or fluxions. And lienee, though iu this 
method, Infinitilu'ial parts of the elements are ne- 
gledied, the conclufion* are accurately true, without 

4 M 2 even 
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even an irifinhelyTmall error , and Xgree ‘■preclMy with 
thofe that are deduced hy the raethdd offtuxions. 

But however fafe and convenient this method may 
bt', fotne wall always fcruple to admit infinitely little 
quantities, and infinite Orders of Itifinttefimak, into a 
Science that boafis of the molt evident and accurate 
principles, as well as of the mod rigid deroonftrations. 
In order to avoid fuch fuppofitions, Newton confident 
the limuhancmis increments of tlie flowing quantities 
as finite, and then invdtigates the ratio winch is the 
‘limit of the various proportions which thofe increments 
bear to each other, while he fuppofes them to decreafc 
together till they, vanilli ; which ratio hi flie fame with 
the ratio of the fluxions. See Maclaurm’ i Treatife of 
Fluxions, in the Introduc. p. 39 See, alfo art. 495 to 
50 2. 

INFLAMMABILITY, that property of bodies 
“by which they kindle, or catch fire. 

INFLECTION, in Optics, called alfo Diffraftion, 
and Defleftion .of the rays of light, is a property of 
'them, by reafon of widen, when they come within a 
certain diflance of any body, they will either be bent 
from it, or towards it; being a kind of imperfeft re* 
fleft ion" or refraftion. 

Some writers aferibe the firft difeovery of this pro¬ 
perty to Grimaldi, who firft publilhed an account of 
it, in his Treatife De Lumine, Coloribus, & Iride, 
printed in 1666. But Dr. Hook alfo claims the 
difeovery of it, and communicated his obfervations on 
this fubjeft to the Royal Society, in 1672. He thews 
that this property differs both from refleftion and re¬ 
fraction ; and that it Teems to depend on the unequal 
denfity of the conftiluent parts of the ray, by which 
■the light is difperfed from the place of condeniation, 
and rarefied or gradually diverged into a quadrant; 
and this deflection, he fays, is made towards the fuper- 
•ficies of the opaque body perpendicularly, 

Newton difcovered, by experiments, this Inflec¬ 
tion of the rays of light ; which may be feen in his 
Optics. 

M. De la Hire obferved, that when we look at a 
candle, or any luminous body, with our eyes nearly 
fhut, rays of light are extended from it, in fevcral direc¬ 
tions, to a confiderable diflance, like the tails of co¬ 
mets. The true caufe of this phenomenon, which has 
exercifed the fagneity of Des Cartes, Rohault, and 
oihcis, feems to be, that the light paffmg among the 
ryelaflics, in this fituation of the eye, ia infledted by 
its near approach to them, and therefore enters the eye 
in a great variety of directions. He alfo obferves, that 
he found that the beams of the liars being obferved, 
in a detp valley, to pafs near the brow of a hill, are 
always more redrafted than if there were no fuch hill, 
or the obfervatton was made on the top of it; as if 
.the rays of light were bent down into a curve, by 
palling near the furface of the mountain. 

Point of Inflection, dr of contrary flexure, in a 
curve, is the point or place in the curve where it be¬ 
gins to bend or turn a contrary way; or which fepa- 
rates the concave part from the convex part, and lying 
between the two; or where the curve changes from 
•oncave to convex, or from convex to concave, on the 
fame fide of the curve: fuch as the point E in the 
annexed figures; where the Towner of the two is con¬ 


cave towards the axis A©‘from Sk to E, and convex 
from E to F; but, on the contrary, the latter figure 
is convex from A to E,«nd concave from £ to F. 




There are various ways of finding the point of In¬ 
flexion ; but the following, which is new, feems to be 
the fimplell and eafiefl of all. From the nature of 
curvature it is evident that, while a curve is concave 
-towards an axis, the fluxion of the ordinate dccreafes, 
or is in a decreaftfig ratio, with regard to the fluxion 
of the abfeifs; but, on the contrary, that the faid 
fluxion incrcafes, or is in an hicrcaling ratio to the 
fluxion of the abfeifs, where the curve is convex to¬ 
wards the axis; and hence it follows that thofe two 
fluxions are in a couftant ratio at the point of Inflcc- 
-tion, where the curve is neither concave nor convex. 
That is, if x = AD the abfeifs, and y = DE the or¬ 
dinate, then jf is to y in a conftant ratio, or ~ or — 

j * 

is a conftant quantity. But conftant quantities have 
no fluxion, or their fluxion is equal to nothing; fo that 

in this cafe the fluxion of - 4 - or o f JL is equal to no- 

y x 

thing. And hence we have this general rule: viz. 

Put the given equation of the curve into fluxions; 

from which equation of the fluxions find cither A- or 

y • • • 

-r 5 then take the fluxion of this ratio or fraftioo, and 
x 

put it equal to o or nothing; and from this kill cqua- 

X I* 

tion find alfo the value of the fame — or — : then 

y x 

put this latter value equal to the former, which will 
be an equation from whence, and the firft given equation 
of the curve, x and y will be determined, being the ab¬ 
feifs or ordinate anfwering to .the point -of Inflection 
in the curve. 

Or, putting the fluxion of equal to o, that is, 

VO mmm VV 

- 1 . .' ~ o, or xy — xy — o, or xy = xy, or 

jr 

ti : y s : Jr : j?, that is, the ad fluxions have the fame 
ratio as the til fluxions, which is a conftant ratio; and 
therefore if * be conftant,'or x as o, then ihall y be 
= o alfo ; which gives another rule, viz; Take both 
the 1 ft and 2d fluxions of the given equation of the 
curve, in which make both jr and ji = o, and the re- 
fulting equations will detcrininc the values of x and y, 
or abtoifs and ordinate, anfwering to the point of Jn- 
fieftiont 

For example, if it be required to find the point of 
Inflexion in the cum whose equation ia 

* ex' 
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*** — a*j> + aty* Now the fluxion of this is 2ax* = 

which gives — =s . 

ji Sow — »Jfjr 

I hen the flu xion of this again made =s o,,gives 

2»i .tae —«xy sa a x + x 1 . ax — yx — x j; and. this gives 

* a 1 + x % * ^ 

Laftly, this value of — 

y 


again — 


X 


nr — .v* a — y 

put = the former, gives 


u x -f- AC* 


a x 4 - *’ 


a-y 


and hence 


or — x* a —y 2 x 
2.v* =s a* — x 1 , or 3 a* = a 1 , and x = a »/\, the ab- 
feifs. 

Hence alfo, from t he original equation, 

l fl J 

= ~ — 'Ja, the ordinate to the point 


a z + a* 


of Inflection fought. 

When the curve has but one point of Inflection, it 
will be determined by a iiniple equation, as above; but 
when there are feveral points of Inflection, by the 
curve bending feveral times from the one fide to the 
other, the refulting equation will be of a degree cor- 
refponding to them, and its roots will determine the 
abiciffes or ordinates to the fame. 

Other methods of determining the points of Inflexion 
in curves, may be feen in moft books on the doctrine 
of fluxions. 

To know whether a curve be concave or convex to¬ 
wards any point afiigned in the axis ; find the value of 
y at that point; then if this value be pofitive, the 
curve will be convex towards the axis, but if it be ne¬ 
gative, it will be concave. 

INFORMED Slurs, or Inform rs StelU, are fuch 
liars as have not been reduced into any conllellation ; 
©thmvife called Sporades.—There was a great number 
of this kind left by the ancient altrouomers; but He- 
velius ami iome others of the moderns have provided for 
the greater part of them, bv making new conflellations. 

I NO INKER. See Engineer. 

INGRESS, in Aftronoroy, the fun’s entrance into 
one of the figns, efpecially Aries. 

INNOCENTS Day, a feaft celebrated on the aSth 
day of December, in commemoration ol the infants 
murdered by lleiod. . 

INORDINATE Proportion, is where the order of 
the terms compared, is diiturbed or it regular. As, 
for example, in two : ranks of numbers, three m each 
rank, viz, in one rank, - • 2 > 

and in the other rank, - - z 4 > 3 6 » 

which are proportional, the former to the latter, but 

in a different order, viz, - a t 3 : : 2 + ” 3 ’» 

and - 3 • 9 • • , ' , z 4 * 

then, catting out the mean terms in each rank, it is 

concluded that - - 2 s 9 : : 8 : 3 °» 

tliat is, the iirft is to the $d in the full rank, 
as the ttrft i5 to the 3d in ifcc 2d rank. 

INSCRIBED Figure, is one that lias all its angular 
points touching the fides of anollicr figure in which 

the former is laid to be inforibed. 

Inscribed Hyperbola, is one that lies wholly within 
the angle of its afymptotcs} as the common or conical 
hyperbola doth. 


_ INSTANT, otherwlfe called « Moment, am tnfi- 
nitely final] part of duration, or in which we perceive 
no mcceffion, or which takes up the time of only one 
idea in our mind. 

. It is a maxim in mechanics, that no natural effeft 
can be produced in an Inftant, or without fome defi- 
nitc time; alfo that the greater the time, the greater 
the effect. And hence may appear the reafon, why a 
burthen feems'lighter to a penbn, the fatter he carries 
it; and why, the fatter a pcrjbn Aides or fcates on the 
ice, the lefs liable it is to break, or bend. 

INSULATE, or Insulated, a term applied tom 
column or otlver edifice, which '{lands alone, or free-and 
detached from any adjacent wall, &c, like an Aland 
in the fca. 

Insulated, in• Elc&ricity, is a term applied to 
bodies that .are fuppoitcd by electrics, .or non-conduc¬ 
tors ; fo that their communication with the earth,- by 
condu&ing fubftances, is interrupted. 

INTACTA!, arc right lines to which curves da 
continually approach, and yet can never meet them 
more ufually called Afymptotcs. 

INTEGERS, denote whole numbers: as contra- 
dittiiiguifhed from fractions.—Integers may’be co«- 
fidered as numbers which refer to unity, as a whole to 
a part. 

INTEGRAL Number, an integer; not a fraction. 

Integral Calculus, in the New Analyfis, is the 
reverfe of the differential calculus, and is the finding 
the Integral from a given differential; being fimilar 
to the inverfc method of fluxions, or the finding the 
fluent to a given fluxion. 

INTEGRANT Parts, in Philofophy, are the fimilar 
parts of a body, or parts of the fame nature with the 
whole ; as filings of iron are the Integrant parts of 
iron, having the fame nature and properties with the 
bar or mafs they were filed off from. 

INTENSITY, or* Intension, in Phyfics, is the 
degree or rate of the power or energy of any quality; 
as heat, cold, See. The Intcnfity of qualities, as 
gravity, light, heat, &c, vary in the reciprocal ratio of 
the fquarcs of the dillances from the centre of -the ra- 

day in- 

1 NTERCERTED Jh-'u, in Conic Sections, the 
fame with what is otherwife called the abfcifs or ab- 


diating quality. 

INTERCALARY Day, denotes the odd 


fNn 




Hkssytii.s. 


feiffa. 

JNTERCOLUMNATION, or Intercolumnia- 
tion, is the fpace between column and column. 

INTEREST, is afum reckoned for the loan or for¬ 
bearance of another fum, or principal, lent for, or due 
at, a certain time, according to fome certain rate or 
proportion; being eftimated ufually at fo much per 
cent, or by the 100. This forms a particular-rule 
in Arithmetic. The higheft legal Iutcrcft now al¬ 
lowed in England, is after the Tate of 5 per cent, per 
annum, or the 20th part of the principal for the fpace of 
a year, and fo in proportion for other times, either 
greater or lefs. Except in the cafe of pawn-brokers, to 
whom it has lately been made legal to take a higher in- 
tereft, for one of the wortt and moft dcftruttive purpofe*. 
that caa be fuffered in any flute* 

iQtcrelt 



[ «3« 1 


IN T 

Intdftft is either Simple or Compound* 

Simple Interest, is that. Which is counted andai- 
lowed upon the principal only, for the whole time of 
ibrbearance. 

The fiun of the Principal and Intereft is called the 
Amount. 

As the Intereft of any fum, for any time, is dire&ly 

f roportional to the principal fum and timej.therefore the 
ntereft of I pound for one year being multiplied by any 
prppofed principal fum, and by the time of its forbear* 
ance, in years and parts, will be its Intereft for that 
" time. That is, if 

r as the rate of Intereft of tl. per annum, 
f =s any principal fum lent, 
t ss the time it is lent for, and 
m as the amount, or fum of principal and Tntcreft ; 

then isprt = the Intereft of the fum />, for the time 
/, at the rate r ; and eqnfequcntly p + prt =s 

jp x i ri - rt — a, the amount of the fame for that 
time. And from this general tneorem, other theorems 
caneafily be tfcduecd for finding any of the quantities 
above mentioned ; which collected all together, will be 
uA follow: 


the amount, 
the principal, 

the rate, 

the time. 

For example, let it be required to find in what time 
any principal fum w ill double itfclf, at any rate of Sim* 
pie Interett. In this cafe we mud ufe the ill theorem 
a ~ f 4- prl, in which the amount a mufl. be = zp or 
double the principal, 1 . e. p + prt — zp ,* and hence 

t ss —^— I where r being the intereft of I/. for one 

year, it follows that the time of doubling at Simple 
Intereft, is equal to the quotient of any iutn divided 
by its Intereft for one year. So that, if the rate of In* 

tereft be 5 per cent, then ■ z= 20 is the time 

of doubling. 

Or the 4th theorem immediately gives 


1 ft, 0 = p + prt 

. ' a 

ad, p s» —■— 
r I 4 -rt 

, a — p 

3 pt 


4th, t — 


« —P 

pr 


For more readily computing the Intereft on mo¬ 
ney, various Tables of numbers arc calculated and 
formed; fuch as -n Table of Intereft of tA for any 
number of years, and Sor any number of months, or 
weeks, or days, &c, and at various rates of In* 
tereft. 

Another Table is the following, by which may be 
readily found the Intereft of any fum of money, from 1 
to a million of pounds, for any number of days, at any 
rate of Intereft. 
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Numb. 

I. 

#* 

d. 

f- 

No. 

A 

4 . 

d. 


IOOOOOO 

*739 

>4 

6 

0*99 

roo 

0 

5 

5 

3*ot 

900000 

2465 

>5 

0 

3'*9 

2 0 

0 

4 

11 

071 

800000 

2x91 

*S 

7 

i *59 

80 

0 

4 

4 

2*41 

700000 

> 9*7 

16 

1 

3*9 

70 

0 

3 

10 

0*1 1 

600000 

><543 

iG 

8 

2MQ 

fio 

0 

3 

3 

t-8t 

500000 

1369 

*7 

3 

0-49 

50 

0 

2 

8 

3 ' 5 * 

0 

0 

0 

0 

3 - 

1095 

«7 

9 

2-79 

40 

0 

2 

2 

1*21 

300OCO 

821 

18 

4 

no 

30 

0 

1 

7 

2*90 

200000 

547 

18 

10 

3 ' 4 ° 

20 

0 

1 

1 

o-6o 

IOOOOO 

2/3 

>9 

5 

1-70 

to 

0 

0 

6 

2-30 

90000 

246 

1 ( 

6 

o *33 

9 

0 

0 

5 

3'6 7 

80000 

219 

3 

6 

2 96 

8 

0 

0 

5 

1-04 

700CO 

> 9 * 

>5 

7 

>‘59 

7 

0 

0 

4 

241 

60000 

164 

7 

8 

0*22 

6 

0 

0 

3 

3'7 8 

50000 

136 

>9 

8 

2'SJ 

5 

0 

0 

3 

f*T 

40000 

109 

it 

9 

148 

4 

0 

0 

2 

2 ’55 

30000 

20000 

82 

54 

If 

ao 

r to 

0‘t 1 

2 74 

3 

2 

0 

0 

0 

0 

I 

I 

3 '*9 

1 26 

10000 

27 

7 

11 

>•37 

1 

0 

0 

O 

2*63 

9000 

24 

>3 

1 

3*23 

0-9 

0 

0 

O 

2-37 

8000 

2 1 

i 8 

4 

1*10 

0 8 

0 

0 

O 

2*10 

70 CO 

>9 

3 

6 

2'96 

0*7 

0 

0 

O 

>*? 

6000 

iG 

8 

9 

0*82 

o*6 

0 

0 

O 

1-58 

5000 

>3 

>3 

11 

2 68 

0-5 

0 

0 

O 

>*32 

4000 

10 

>9 

2 

o-J<; 

J, 4 

(J 

0 

O 

'•-j 

3000 

8 

4 

4 

2*41 


0 

0 

O 

0-79 

2 COO 

5 

9 

•7 

0-27 

■yz 

0 

0 

O 

o *33 

I COO 

2 

>4 

9 

2>4 

O' 1 

c< 

0 

O 

0*26 

900 

2 

9 

3 

3*12 

O'O 9 

0 

0 

O 

^ *4 

8eo 

2 

3 

10 

O’11 

0‘o 8 

0 

0 

O 

0*21 

700 

1 

18 

4 

Pin 

0-07 

0 

0 

O 

Q-l 8 

600 

1 

(2 

10 

2*08 

c‘C'6 

0 

0 

O 

c-i6 

500 

1 

7 

4 

3 - 7 ' 

0x5 

0 

0 

O 

0*13 

400 

1 

1 

11 

O'Cj 

O’Oii 

0 

0 

O 

0-1 1 

300 

0 

16 

5 

I -04 

0 *03 

0 

0 

O 

o-o 8 

200 

0 

10 

11 

2-03 

0*02 

0 

$ 

O 

o-oj 

too 

0 

5 

5 

3-01 

1 Q'Ol 

0 

0 

O 

Q 03 


The Rule for uftng the Table it this : 

Multiply the principal by the rate, both in pound; ; 
multiply the product by the number of days, and di¬ 
vide this laft product by 100 ; then take from the Table 
the fcveral funis which /land oppdfttc the fcveral pai ts of 
the quotient, and adding them together will give the 
intereft required. 

£x. What is the iutcrcft of 225/. tor. for 23 days, 
at 4} per cent, per am nun ? 


princ. 225-5 

/. /. 

d. 

7 - 

rate 4*5 3 

again ft 200 is 0 10 

11 

2*03 

t_i 

30—0 1 

7 

2-9 0 

>014-74* 

3—0 0 

t 

3*9 

75 d»ys 23 « 

0*3 -—0 0 

0 

0*79 

M 

o-c .'9 — 0 0 

0 

0 24 

IOO) 23339-25 J 



— - - 

-p, 

Anf. 0 12 

9 

i*fte tore 

* 33 * 39*5 

in the laft place »>f decimals. 


Another ingenious and general method of com* 

puting 
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E uting Intereft, is by the following fmall but comprc- 
cnfive Table. 


r 


■A General lnterejl Fable, 


•mm 

11 


By which the Interefl of any 

Sum, 

at 

any 

Rate, 

and 


for any 1 tine, may be readily found. 



P 

x per Ccpt. 

tfperOeiit. 

ipet Cent. 

l^perCev.t, 

s per Cent. 

tf. 

i. 1. 

d. q. 

1. t. d. q. 


d.q. 

i. 

s. 

d. q. 

1. 

b. 

d. q. 

1 


I 3 

2 1 


2 2 



3 c 

* 


3 I 

2 


3 3 

4 a 


5 1 



6 0 



6 2 

3 


S 3 

6 3 


7 t 



8 3 



9 3 

4 


7 3 

9 * 


IO 2 



11 3 


T 

1 Cl 

5 


9 3 

XJ 2 

X 

I 1 


1 

* 3 


I 

4 1 

6 


n 3 

» * 3 

I 

3 3 


I 

■i 3 


1 

7 * 

7 

I 

« 3 

1 4 

T 

6 1 


T 

« 3 


X 

X I 0 

* 

3 3 

T 6 | 

I 

9 c 


I 

11 3 


2 

2 I 

9 

X 

3 3 

1 X 2 

1 

XI 2 


2 

2 2 


2 

<; * 


I 

7 2 

1 x 1 0 

2 

2 1 


2 

5 2 


2 

8 3 

2 :' 

3 

? ‘ 

310 

4 

4 2 


4 

11 1 


s 

5 3 

3° 

4 

5 ^ 

4 

0 

8 

1 I O 

<> 3 
2 2 

S 9 0 

7 8 ", 

9 7 '■ 

6 

8 

10 

,?l 


4 2 

101 

3 3 


X 

10 

\l 

2 2 

II 2 

8 I ’ 

t)Q 

9 

10 j 

11 61 

•3 

»3 


*4 

9 2 


s 1 

•»r 

1 1 

6 0 

'3 5 

*5 

4 0 


*7 

3 * 


19 

2 O 

80 

>3 

< ;< 

15 4 V 

17 

6 i 


»9 

8 3 

l 

X 

11 O 

90 

>4 

9 1 

<7 3 c 

19 

8 i 

r 

2 

2 I 

r 

4 

7 3 

ICO 

J (j 

t > 

I9 2C 

r x 

no 

( 

4 

X c 

1 

7 

4 3 

200 

1 12 

TO 2 

1 18 4 1 

1 3 

10 0 

1 

9 

3 3 

2 

14 

9 4 

30 

4 9 

3 3 

1 17 6 ! 

! S 

9 0 

3 

*3 

11314 

2 

2 1 


N. B. This Table contains the intcreft of tool, for 
all the fcveral days in the j ft column, and at the feveral 
rates of 3, 3^, 4, 4J, and 5 percent, in the other 5 co¬ 
lumns. 

"Iu find the Inter ft of 100!. for any other time, as t 
year and 278 days, at 4 ' per cent. Take the Aims for 
the feveral days as here below. 

The Int. for i year 4 10 00 
A gain ft 200 ds. is 2 9 3 3 

■ . ■ . . 70 ds. - o 17 31 

- B ds. > o 1 J1 o 


Intend required - 7 18 60 

For any other Sum than too/. Fitft find for teol. as 
above, and take it fo many titnes or parts as the him is 
of jocl. Thus, to find for 355I. at 4 £, for 1 year and 
278 days. 

Firft, 3 times the above fum, 

(for qocl. 1 is. - 23 15 8 t 
•1 (for 30I.) is - 3 19 3 r 
Vo of this (for 5I.) o 7 11 o 


So for 355 it is - 28 2 IO 2 

When the interefl. is required for any other rate than 
thofein the Table, it may be eafily made out from them. 
So i of 5 is i' iy i of 4 is 2, 4 - of 3 is 1 ], j of 3 ,s 
I-6th of 3 is *, and i-astli of 3 is ;. Ami fo, by parts, 
or by adding or fublratting. any' rate may be made 

GVwjAmmm/Interest, called alfo Intirtjl-upan-Intercjl, 
is that which is counted not only upon the principal 
fum lent, but alfo for its Intcreft, as it becomes due, at 
kite end of each Hated time of payment. 

Although it be not lawful to lend money at Com¬ 
pound Interefl, yet in puichafing annuities, penfions, 
5 


fcc, and taking leafes in revcrfion, it is ufual to allow 
Compound Intcreft to tlife purcliafer for his ready mo* 
ney; and therefore it is very neccffary to underhand tills 
fubjc&. 

Betides the quantities concerned in Simple Interefl, 
viz, the principal />, the rate or Intcreft of 11. for 1 year 
r , the amount a, and the time /, there is another 
quantity employed in Compound Intereft, viz, the ra¬ 
tio of the rate of Intcreft, which is the amount of 11. 
for 1 time of payment, and which here let be denoted 
by R, viz, R 1 + r. Then, the particular amount* 
fpr the feveral times may be thus computed, viz, As I 
pound is to its amount for any time, fo is any propofed 
principal fum to its amount for the fame time ; i, e. 
ll. : R : : p : pR. the ill year's amount, 

ll. : R : : y>R : pR* the 2d year's amount, 

ll. : R : : pH? : pR J the 3d year's amount, 

and fo on. 

Therefore in general, />R‘ ~ a is the amount for the- 
t year, or t time of payment. From whence the fol¬ 
lowing general theorems are deduced : 

ill, a = pR 1 the amount. 


P = 


a 

TF 

R = y/ —— tl»c ratio, 

, lost. of a 

4 th, t = 


2 d, 

3<*. 


the principal. 


log. off 


the time. 


log. of R 

From which any one of the quantities may be found, 
when the reft are given. 

For example, fuppofe it were required to find in how. 
many years any principal fum will double it fell, at any 
rate of Intercll. In this cafe we muft employ the 4th 
theorem, where a will b« — 2/>, and then it. 

1. a — 1. p 1. 2p — \.p __ l og. 2 

W 1 log. R" ~ log. R log. R’ 

So, if tire rate of Iuterefl be 5 per rent, per annum ; 
then R = 1 + *05 = 1*05, and hence 


lOLT. Z -JUIUjUVJ , . 

f __ .—a- = -A—•?— = 14*2007 nearly ; 

log. 1 *05 -021 1 by 3 

that is, any fum doubles in 14 ' years nearly, at the 
rate of 5 per cent, per annum Compound Jnterell. 

Hence, and from the like queflion in Simple Intcreft, 
above given, are deduced the times in which any turn 
doubles itfelf, at feveral rates of Intereft, both iimple 
and compound: viz. 


- 


'At t.inp. Int. 

At Comp. Ini 

At 


YcZIS. 

Years, 

2 


50 

37*0028 

2( 


40 

28-0701 

i 


3 . 3.5 

23*4498 

3t 



20*1488 

4 

percent, per an. 

2 5 

17-6730- 

4- 

►Intend, 1/. or< 

32 ' v 


c 

any other fum 

20 

I4-2067 

J? 

6 

will double in 

16} 

1 

7 


Hf 

jo'2-H-8 

8 


1*1 

9 >-o(iS 

0 



8*0432 

IO 


10 

*- 

7-272? 


The 
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The following Table will facilitate the calculation tof 
Compound Iiitereft for any fum, and any number of 
years, at various rates of Intercit. 


The Amount of if. in any Number of Tatars. 

Yr*. 

3 

3 a 

4 

4 i 

5 

6 

l 

1*0300 

I-03JC 

1*0400 

1*0450 

1 * 0500 

t * 0600 

. 2 

1 * 0609 

t*07l2 

(•0816 

1*0920 

i*1025 

1*1236 

3 

,1*0927 

I* 1087 

1 ’ 1249 

I* 14 * 3 - 

r 1-576 

1*I91O 

4 

I* 125511*1475 

t* 1699 

i*1925 

1*2155 

1*2 625 

5 

i*«593i‘*'*77 

1*2167 

x* 2462 

1*2763 

1*3382 

- 6 

i* 1941! 1*2293 

i* 2653 

1*3023 

1*3401 

1*4185 

7 

i* 2299: i* 2723 

l * 3*59 

1*3609 

1*4071 

I * 5036 

8 

1*2668 1*3168 

1* 3686 

1*422 J 

**4775 

1 ’ 5*"39 

9 

1*3048 

x * 3629 

‘•4233 

1 • 4861 

«’ 55'3 

■68495 

to 

1-3439 

1*4106 

1 • 4802 

1 ' 553 ° 

1*6280 

.1*7909 

11 

1*3842 

1*4600 

‘*5395 

1*6229 

1*7103 

f 8983 

12 

1*4258,1*5111 

t*6oio 

(*6959 

* ' 7959 

2*0122 

*3 

1*4.685: i* 5640 

1 • 6651 

1*7722 

1*8856 

2*1329 

*4 

1*5126; 

I*6l87 

1*7317 

1*8519 

**9799 

2* 26O9 

>5 

1*5580 

1-6753 

1*8009 

*•9353 

2*0789 

2* 3966 

16 

1*6047' 

*7 34 *> 

1*8730 

2/0224 

2' 1829 

2*5404 

*7 

1*652811*7947 

1*9479 

2* 1I34 

2’292C 

2*6928 

18 

1*7024 

1*8575 

2*0258 

2* 2085 

2*4066 

2*8543 

*9 

1 * 7535 

1*9225 

2*1068 

2*3079 

2 * 527 C 

2-0256 

20 

1 * 8061 

1*9898 

*• 1911 2*4117 

2*653* 

2- 2071 


The ufe of this Table, which contains all the powers 
R', to the 20th power, or the amounts of 1 1 . is chiefly to 
calculate the Interefl, or the amount, of any principal 
fum, for any time, not more than 20 years. For ex¬ 
ample, required to find to how much 523/. will amount 
in 15 years, at the rate of 5/. per cent, per annum Com*- 
pound Intcreft. 

In the Table, on the line 15 and column 5 per ccrt, 
is the amount of 1/. viz. - 2 078c/, 

tliis multiplied by the principal 523, 

gives the amount 1087*2647 

or - - - - 1087/. 5/. o,\J. 

and therefore the Intcreft is 564/. 5/. 3 £</. 

See Annuities 5 Difcount; Reverfion; Smart’s Ta¬ 
bles of Intereit; the Phtlof. Tranf. voL 6, p. 508 ; 
and molt books on Arithmetic. 

INTERIOR figure, Angle of. See Ancle. 

Interior Polygon. See PoLirtiON. 

Interior Talus. See Talus. 

Internal Angles, are all angles made within any 
.figure, by the fidcsof it. In a triangle ABC, the two 




aglet A and C are peculiarly called Intcrifel and oppo-. 


ftte, in refpeft of the external angle CBD, which » 
equal to them both together. 

Internal Angle is alfo applied to the two angles 
funned between two parallels, by a line interfering 
thofe parallels, 00 each Ado of the interfering lino. 
Such arc the angles 4, h, c, el, formed between the 
parallels EF and GH» on each iidc of the iaterfe&ing 
line.- . ■ - ■T he two adjacent Internal angles a and b, or 
c and d, are together equal to two right angles. 

Internal and Oppoftte Angles, is alia applied to 
the two angles a ■and l, which are refpe&ively equal 
to the two n and m, called the external and oppoiite 
angles. 

Alfo the alternate Internal angles are equal to one 
another; viz, a r= </, and b =s c. 

INTERPOLATION, in the modern Algebra, is 
ufecl for finding an intermediate term of a lerics, its 
place in the feries being given. 

The Method of Interpolation waB firft invented by 
Mr. Briggs, and by him to' the calculation of 

logarithms, &c, flft Arithmetica Logarithmica, at 1 
his Trigonometria Britannia ; where he explain:;, and 
fully applies the method ot interpolation by difference.,. 
His principles were followed by Reguial and Mou- 
ton in France, ana by Cotes ana others in Eng' md. 
Wallis made ufe of the method of Interpolation in va¬ 
rious parts- of his works ; us his Arithmetic of Inf. 
nites, and his Algebra, for quadratures, &c. 1 io* 

fame was alfo happily applied by Newton in varu.ii 
wavs : by it he inveftigattd his binomial theorem, and 
quadrature* of the circle, dlipfc, a; J hyperbola : -ee 
Wallis’s Algebra, chap. 85, dec. Newton alfo, >11 
lemma y, lib. 3 Princip. gave a raoft elegant filiation 
of the problem for drawing a cuvve line th ough the 
extremities of auv number of given ordinates; and in 
the fubfvqucnt proportion, applied the fulution of this 
problem to that of tiudiug from certain olilervcd plans 
of a comet, its place at any given intermediate .time. 
And Dr. Waring, who adds, tltat a feint ion Ji ill nun . 
elegant, on fume accounts, has been liner c : 'covc-vd 
by MefT. Nichol and Stirling, ha: alfo reiolved the 
fame problem, and rendered it more general, without 
having recotirfe to finding the* fucccii -e diffc: :ikcs. 
Philof. Tranf. Vol. 69, part t art. 7. 

Mr. Stirling indeed purfueu tliib branch as a iliflind. 
feience, in a kparate treatife, viz, Traftatm de Sum- 
matioueet Intcrpolatione Serieruin lnfmiurum, in the 
year 1730. 

When the ill, 2d, or other fiicceflWc difleicnc'*s of 
the terms of a feries become at lait equal, the lmcrpo. 
lation of any term of fuch a feries may be found'by 
Newton’s Differential Method. 

When the-Algebraic equation of a feries is given, 
the term required, whether it.be a primary or intermix.* 
diatc one, may be found by the refolution of affected 
equations; but when that equation is not given, as it 
often happens, the value of the term fought nmfl, he 
exhibited by a converging feries, or by the quadrature 
•f curves. See Stirling, ut fupra, p. 86. Meyer, in 
Aft. Pet*, tom. 2, p. 180, 

A general theorem for Interpolating any term is as 
follows * Let A denote any term of an equidiftant fe- 
ries df terms, and a, t, e, &c, thefirft of the ift, 2d, 
id, ftc orders of difierencet; then the term *, whole 
*’ difiauce 
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chftanee from A is exprcffed by .r, will be this, viz, 
Theorem t, 


eesA + *a 4 * * * fLZ_i ,& e . 

a 3 3 


Now the log*, of the given numbers will be thus t 

2*0043214 sc 
2*0086002 SS h 
*•0170333 — d 
2*0211893 ss » 


Hence, if any of the orders of differences become 
equal to one another, or ss o, this feries for the inter¬ 
polated term will break off, and terminate, otherwife 
it will ran out in an infinite feries. 

£x. To find the 20th term of the feries of cubes 
*» 8, 27, 64, 125, &c, or i*, 2>, 3.*, 4*, 5*, &c. 


Set down the feries in a 
column, and take their conti¬ 
nual differences as here an¬ 
nexed, where the 4th differ¬ 
ences, ".nd all after it be¬ 
come ss o, alfo A = 1, 
a =- 7, b =. 12, - a C, 
f"o .v = 79 ; therefore the 
io'K term fought is barely 


x b 

7 f . 

V>9 '* « * 
fs 7 18 6 “ 

« 4 . 6 i *♦ 

“5 


, . *8 , t8 17 . 

: “ ' + »9 X 7 + 19 x— X X2-J- 19.—. — . 6 

3 3 3 

— > + *33 + 2052 + 5814= 8000. 


*T'::or. 2. In any feries of equidiftant terms, a, b, e* 
d, A *, whofe ii-.-ff differences are fmall; to find any 
term wanting in that feries, haring any number of 
•■erms given. Take the equation which itands againft 
the number of given terms, in the following Table ; 
and hy reducing the equation, that term will be 
fount. 


No. 

1 

2 

3 

4 
< 

*6 

&c. 

71 


Equadom. 
a — b s O 
a — zb s ss t> 

-1 — $b 4 - Jr — d ss o 

a — ejb 4- 6 c — 4 d \- e — o 

a - -+■ 10c —• Ic./ + $e — / ss O 

a — 6 b 4* “* 20 d *+• l 5* — 6 / + g — O 

3 c c. 


v — «£ -f 



a — 2 „ 

- dSccsso. 

3 


where it is evident that the coefficients in any equation, 
arc the unc::c of a binomial 1 -f- l raffed to the power 
denoted by the number of the equation. 

JSx. Given the logarithms of 101, 102, 104, and 
JO? ; to find the log. of >03. 

Here are 4 quantities given ( therefore we mull 
take the 4th equation a — 4 b + 6 c — 4 d + e = o, 
in which it is the middle quantity or term c that is to 
be found, hecaufe 103 is in the middle among the num¬ 
bers 101, 102, 104,105 ; then that equation gives the 

, <• * .. . 4 ■ b + d — a + e 

value of e as follows, vyi e ss " ■ • 

Vat. I. 


4*0256335 =zb + d 
. 4 


X6*X025340 SB 4 i b + d 

fubtr. 4*0255x07 =1 s 4 t 


6)12*0770233 

2*0128372 the log. of 103. 

Theor. 3. When the terms a, 3 , c, d, &c, are at 
unequal diftances from each other; to find- any inter¬ 
mediate one of thefe terms, the reft being given. 

Let p, q, r, r, Sc, be the fevcral diftances of thofe 
terms from each other; then let 


b—a 


B Bl -B ^ 

* *C Ci-C 

p + q D _ Qs-P . 

Bx =,‘~ l1 
9 


-.c=£^. d 'ctir-*** 

r *~2=s—-, 


r + e 

e 3 =~. 

See See 


&c 


Then the term *, whofe diftance from the beginning 
is x, will be _ 

x —0 + Bor + Cx . x —p • x -~p — q 

+ Ear. x —p.x —p —q . x —p — q— r + &c> 
to be continued to as many terms at there are terms in 
the given feries. 

By this feries may be found the place of a comet, or 
the fun, or any other objed at a given time} by know¬ 
ing the places of the fame for feveral other given timet. 

Other methods of Interpolation may be found in 
the Philof. Tranf. number 362 $ or Stirling’s Summa¬ 
tion and Interpolation of Scries. 

INTERSCENDENT, in Algebra, is applied to 
quantities, when the exponents 01 their powers are ra¬ 
dical quantities. Thus x^ 2 , x^ a t Sc, are interfeen- 
dent quantities. See Funchoh. 

INTERSECTION, the cutting of one line, or 

[ >lane, by another } or the point or line in which two 
ines or two planes cut each other.--—The mutual in- 
tericdlion of two planes is a right line. The centre of 
a circle, or conic fcdtion, &c, is in. the interfe&ion of 
two diameters ; and the central point of a quadrangle 
is the Interfe&ion of two diagonals. 

INTERSTELLAR, a word ufed by feme authors, 
to exprefs thofe parts of the univerfe, that arc without 
and beyond the limits of our folar fyftem. 

In the Interilellar regions, itisfuppofed thcreare feveral 
other fyftems of planets moving round the fixed liars, 
as the centres of their refpeftive motions. And if it 
he true, as it is not improbable, that each fixed liar it 
4 N thus 
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thus a fun to fome habitable orbs, or earths, that move 
round it, the Inter ftellar world will be infinitely the 
greatcft part of the univerfe. 

INTERTIES, or Intkruuces, in Architc&ure, 
thofe fmall pieces of timber which lie horizontally be¬ 
tween the futnmers, or between them and the cell or 
raifing plate. 

INTERVAL, in Mufir, the difference between two 
founds, in refpeft of acute and grave. Authors diftin- 
guifh feveral divifious of an Interval, as firft into Sim¬ 
ple and Compound. The - 

Simple Interval is that without parts, ordivifion ; 
fuch are the o£tave, and all that are within it; as 
the ad, 3d, 4th, 5th, 6th, and 7th, with their varieties. 

Compound Interval confifls of feveral Idler Inter¬ 
vals; as the 9th; 10th, 1 tth, 12th, &c, with their va¬ 
rieties. 

This Simple Interval was by the ancients called a 
JDiaftem, and the Compound they called a Syftem. 

An Interval is alfo divided into Juft or True, and 
into Falfe. The 

ffufl or True Intervals, are fuch as all thofe above 
mentioned, with their varieties, whether major or mi¬ 
nor. And t}ie 

Falfe Intervals, are the diminutive or fuperfluaus 
ones. 

An Interval is alfo divided into the Confonance and 
DifTonance; which fee. 

INTESTINE Motion of the parts of fluids, that 
which is among its corpufcles or component parts. 

When the attra&ing corpufcles of any fluid are 
elaftic, they muft neceflarily produce an inteftine mo¬ 
tion j and that, greater or lefs, according to the de- 

S rees of their elaftidty and attractive farce. For, two 
aftic particles, after meeting, will fly from each other, 
with the fame degree of velocity with which they met; 
abft rading from the refiftance of'the medium. But 
when, in leaping back from each other, they approach 
ether particles, their velocity will be increased. 

INTRADOS, the interior and lower fide, or curve, 
of the arch of a bridge, See. In contradiftiu&ion from 
the extrados, or cxtei^ir curve, or line on the upper 
fide of the arch.- See my Treatifc on Bridges &c. 

pTOpr 

INVERSE, is applied to a manner of working the 
rule of three, or proportion, which ftems to go back¬ 
ward, i. e. reverfe or contrary to the order of the com¬ 
mon and dtreCt rule; So that, whereas, in the direCt 
rule, more requires more, or lefs requires left; in the 
Inverfe rule, on the contraryrequires left, or 
left requires-more. 

For inftance, in the dircCl rule it is faid. If 3 yards of 
cloth eoft 20 (hillings, how much will 6 yards coil l 
the anfwer it 40 (hillings; where more yards require 
more money, and left yards require left money. But 
in the Inverfe rule it is faid. If 20 ihen perform a piece 
of work ro 4 days, in bow many days will 40 men 
perform as much l where the anfwer is 2 days j and 
here the more men require the left time, and the fewer 
men the more time. 

Inverse Method of Fluxions, js the method of find¬ 
ing fluents, from the fluxion? being given; and is 
fimilar to wjhat the foreign mathematicians call the Cal- 
.cuius Integrals. See Fluents. 

at 


Inverse Method of Tangents, is the method of find¬ 
ing the curve belonging to a given tangent; as oppofed 
to the dircCl method, or the finding the tangent to a 
given curve. 

As, to find a curve whofe fubtangent is a third pro- 
portion&lto r —y and y, or whofe fubtangent is equal 
to the femiordinate, or whofe fubuormal is a conftaut 
quantity.——The folution of this problem depends 
chiefly on the Inverfe method of fluxions. Sec Tan¬ 
gent. 

Inverse Proportion, or Inverse Ratio, is that in 
which more requires left, or left requires more. As 
for iuftance, in the cafe, of light, or heat from a lumi¬ 
nous objcCt, the light received is lefs at a greater dif- 
tance, and greater at a left diftance; fo that here more, 
as to diftance, gives left, as to light, and left dillancc 
gives more light. This is ufusuly exprefled by the 
term Inverfely, or Reciprocally ; as in the cafe above, 
where the light i|| Inverfely, or Reciprocally a# the 
fquare of the diftaince; or in the jj^verfe or Reciprocal 
duplicate ratio of the diftance. 

INVERSION, Jiivertendo, or by Inmerflan , accord¬ 
ing to the 14th definition of Euclid, lib. 5, is Inverting 
the terms of a proportion, by changing the antecedents 
into confequcnts, and the consequents into antecedents. 
As in theft, a : b : : c ; d, then by Invcrfiou 

INVESTIGATlip, the fcarching or finding any¬ 
thing out, by means of certain fteps, traces, or ways. 

INVOLUTE Figure or Curve, is that which is 
traced out by the outer extremity of a firing as it is 
folded or wrapped upon another figure, or as it is un¬ 
wound from off it. ■ T he Involute of a cycloid, is 
alfo a cycloid equal to the former, which was firft dis¬ 
covered by Huygens, and by means of which he con¬ 
trived to make a pendulum vibrate in the curve of a cy¬ 
cloid, and fo theoretically at lead vibrate always m 
equal times whether the arch of vibration were great or 
fmall, which is a property of that curve.——For the 
do&rinc and nature of Involutes and Evolutes, fee 

£« V O LUTE. 

INVOLUTION, in Arithmetic and Algebra, is the 
raifing of powers from a given root ; as oppofed to 
Evolution, which is the extrading, or developing of 
roots from given powers. So the Involution of the 
number 3, or its powers, are thus raiftd : 

3 - or 3* or 3 it the jft power, or root, 

3x3 or 3* or 9 is the ad power, or fquare, 

3 X 3 x 3 or 3 J or 27 is the 3d power, or cube, 

and fo on. 

And hence, to find any power of a given ipot, or 
quantity, let the nxJt be multiplied by rtfclf a number 
of times which is-one left than the number of the index t 
i. e. once multiplied for the ad root, twice for the 3d 
root, thrice for the 4th root. Sec. 

Thus, to Involve *ja to. the 3d powers 
*« 


*0144 fquare, or id power! 


*1* 


*0017*8 cube, or 3d power. 


: $■■■ 


So 
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to Invo,v ">“ b " on, “'« + f - 

° a “ * " • *ft power, or root 

a* + ab 

+ ab + i* 

«* + + l* . - 2 d power 

a + 0 

a 3 + 2 a 7 b ■+• 2 nl x 

*+■ a*b + al/ x li 

a * + $a x b + ytb x + 6 * - 3d power 

a + b 

a* + 3 a 3 b + 3 a x b x + ah ' 1 

■+• a J b •+■ 3 a z l x 4- 3 al* -j- I* 

+ 4 a } b (u$t x + 4 nl 1 + iV* 4th power 
And in like manner for any other quantities, what¬ 
ever the number of their terms may he. But compound 
algebraic quantities are bell involved by the Binomial 
Theorem ; which fee. 

Simple quantities arc Involved, by raifing the numeral 
coefficients to the given power^nd the literal quanti¬ 
ties are railed by multiplying ^Beir indices by that of 
the root; that is, the raffing of powers is performed 
bv the multiplication of indices, the fame as the multi¬ 
plication of logarithms. Thus, 

The 2d power of a is a*. 

The 2d power of 2a* is 2 x a x * * or 4a 4 . 

The 3d power of 3*1 */3 is 27 a 6 b 9 . 

The 3d power of a'b • is a x b x . 

- - - n 

The ntli power of is a m V' n or a n ‘t p . 

INWARD Flunking sfngle, in Fortification, is that 
made by the curtin and the razant flanking line of 
defence. 

JOINTS; in Architecture, are the reparations be¬ 
tween the ltcmes or bricks ; which may be filled with 
mortar, plafter, or cement. 

Joint, in Carpentry, &e, is applied to fcvcral man¬ 
ners ofaffembling, fetting, or fixing pieces of wood to¬ 
gether. As by a mortile Joint, a dove-tail Joint, &c. 

Univerfal Joint, in Me chanics, an excellent inven¬ 
tion of l)r. Hook, adapted to all kinds of motions and 
flexures 5 of which he ha.? given a large account in his 
Cutlerian Lectures, printed in 1678. This fee iris to 
have given occafion to the gimbols tifed in fufpendfng 
the fca compafles ; the mechanifin of which is the fame 
with that of Defaguliers’s rolling lamp. 

JoiNT-/,m\r, are fuch as continue during the fame 
time, or that cxift together. See lArv.-sfnnuitic.'. 

JOISTS; nr Jovsts, thofc pieces of timber framed 
into the girders and fummers, and on which the board¬ 
ing of floors is laid. 

“JONES (Wimiam), F. R. S. a very eminent 
mathematician, was born at the foot of Bodavon moun¬ 
tain £Mynydd BodafunJ in the parifli of Llnnfihangel 
tre’r Bard, in the Ille of Anglcfy, North Wales, in 
the year 1675. His father’s name was John Geoigc, 


i JON 

his furnamo being the proper name of his father. For 
it is a cuitom in fcvcral parts of Wales for the proper 
name of the father to become the furname of hi3 cnil- 
dren. John George the father was commonly called 
Sion Siors of Llanbabo, to which place he moved, and. 
where his children were brought up. Accordingly our 
author, whofe proper name w?as William, fbok the fur- 
name of Jones from the proper name of his father, who 
was a farmer, and of a good family, being defeended 
from Hwfa ap Cynddefw, one of the 15 tribes of 
North Wales. He gave his two fans the common 
fchool education of the .country, reading, writing, and 
accounts, in Englifti, and the I.atin Grammar. Harry 
his fecoud fon took to the farming bufinefs; but Wil- 
liamthe cldefi, having an extraordinary turn for mathe¬ 
matical iludies, determined to try his fortune abroad 
from a place where the fame was but of little femes to 
lum. He accordingly came to London, accompanied 
by a young man, Rowland Williams, afterwards an emi¬ 
nent perfumer in Wycli-ilreet. The report in the 
country is, that Mr. J ones foon got into a merchant's 
counting houfc, and fo gained thceftcem of his mailer, 
that he gave him the command of a (hip for a Weft In¬ 
dia voyage; and that upon his return he fet up a mathe¬ 
matical fchool, and publiftied his book of Navigation ; 
and that upon the death of the merchant he married his 
widow : that, lord Macclesfield’s fon being his pupil, he 
was made fecretary to the chancellor, aqd one of the- 
deputy tellers of the exchequer:—and they have aftory 
of an Italian wedding which caufed great aifturbance in 
lord Macclesfield’s family, but was comprotnifed by Mr, 
Jones; which gave rife to a faying, “ that Macclesfield 
was the making of Jones, and Jones the making of 
Macclesfield.” The foregoing account of Mr. Jones, 
I found among the papers of the late Mr. John Robert- 
fon, librarian and clerk to the Royal Society, who had 
been well known to Mr. Jones, and poffefled many of 
his papers. 

Mr. Jones havingJiy his induftry acquired a Compe¬ 
tent fortune, lived upon it as a private gentleman for 
many years, in the latter part of his life, m habits of in¬ 
timacy with Sir 1 faac Newton and others the moft cmi • 
nent mathematicians and philofophers of his lime ; and 
died July 3, 1749, at 74 years of age, being oftc of the 
vicc-prefidcnts of the Royal Society ; leaving at his 
death one daughter, and his widow w ith child, which 
proved a fon, who is the prefent Sir William Jones, 
now one of the judges in India, and highly efteemed for 
his great abilities, exlenfive learning, and eminent pa- 
triotifm.——Mr. Jones’# publications are, ‘ 

1. /t new Compendium of the IVha’e jirt of Naviga¬ 
tion) &c ; in fmall 8vo, London, 1702. This is a neat 
little piece, and dedicated to the Rev. Mr. John Harris, 
the fame I believe-who was author of the Lexicon 
Technicum, or Univerfal Dictionary of Arts and Sci¬ 
ences, in whofe lioufe Mr. Jones lays lie compofed his 
book. 

2. Synopps Pahnariorum RLuhfens .• Or a New In¬ 
troduction to the Mathematics, &c; 8vo, London, 1706. 
Iking a very neat and ufeful compendium of all the 
mathematical firiences in about 300 pages. 

His papers in thePhilof. Tranf. arc the following: 

3. A* Compendious Difpofitiori of Equations for ex¬ 
hibiting the relations ol' Gouiomctrical Lines ; vol. 44, 
p. 560. 

4 N 2 
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4. A Trad on Logarithm* j vol. 61, .pa. 455. 

j, Account of the perfon killed by lightning in 
Tottenham-Court-Chapel, and it* effe&a on the build¬ 
ing; vol. 62, pa. 131. 

6. Properties of the Conic Sc&ions, deduced by a 
compendious method; vol. 63, pa. 340. 

In all thefif works of Mr. Jones, a remarkable neat- 
ntfs, brevity, and accuracy, every where prevails. He 
Teemed to delight in a very Ihort and comprehenfive 
mode of expremon and arrangement; in Co much that 
fometimes what he has contrived to exprefs ih two or 
three pages, would occupy * little volume in the ordi¬ 
nary ftyle of writing. 

Mr. Jones it is hud pofleiTed the beft mathematical li¬ 
brary in England { fearcely any book of that kind but 
what was there to be found. He had collected alfo a 
great quantity of manuferint papers and letters of for¬ 
mer mathematicians, which have often proved ufeful to 
writers of their lives, &c. After his death, thefc were 
difperfed, and fell into different persons hands ; many of 
them, as well as of Mr. Jones'* own papers, were pof- 
feffed by the late Mr. John Robettfon, before mentioned, 
at' whole death I purchafed a confiderable quantity of 
them. From fuch collc&ions of thefc it was that Mr. 
Jones was enabled to give that firft and elegant edition, 
in 4to, 1711, offevenu of Newton's papers, that might 
otherwise have been loft, intitled, Analffi* per quantUa- 
ttm Striee t F/uxumet, at Differentia* t turn Enumeration* 
UnJarkm Ttrtii Orjinir. 

IONIC Cohmn, or Order, the 3d of the five orders, 
or columns, of Architecture. The firft idea of this order 
Was given by the people of Ionit; who, according to Vi- 
truvui8, formed it on-the model of a young woman, dreffed 
in her hair, and of an eafy elegant fhape, as the Doric 
had been formed on the model of a ftrong robuft man. 

This column is a medium between the msifive and the 
more delicate orders, the fimple and the rich. It is dif- 
tinguiihed from the Componte, by having none of the 
leaves of acanthus in its capital; and from the Tufcan, 
Doric, and Corinthian, by the volutes, or rams horns, 
which adorn its capital; and firom the Tufcan and 
Doric too, by the channels, or flitting, iu its (haft. 

1 The height of this column is 18 modules, or 9 dia¬ 
meters of the column taken at the bottom; indeed at 
firft its height was but 16 modules ; but, t0 render it 
more beautiful than the Doric, it* height was aug¬ 
mented by adding a.bafe to it, which was unknown m 
the Doric. M. le Clerc makes its entablature to be 
modules and 10 minutes, and its pedeftai 6 modules; 
that the whole order makes 28 modules 10 minutes. 

JOURNAL, in Merchants Accounts, is a book 
into which every particular article is pofted out of the* 
Wafte-book, according to the order of time, fpccify- 
ing the debtor and creditor in each account and 
tranfa&toa. . 

Journal, in Maritime Affaifl, is « rcgifler kept by 
the pilot, * n d others, noticing every thing that hap¬ 
pens to the flap, from day to day, and from hour to 
hour, with regard to the winds, the rhumbs or coorfes, 
the knots or rate of running, the sake, founding*, aftro- 
nomical observations, for the latitudes and longitudes, 
ice ; to enable them to* adjuft the reckoning, and de¬ 
termine the place where the (hip is. . 

In all fen journals, the day, orwhat is called the 
** IWjtmu I* n^TtWVrn? Anita ftwiee f,n .bdnins. thofe before 


noon marked A. M. for ante meridiem, and thofe from 
noon to midnight marked.P. M. poft meridiem, of 
afternoon. _ 

There are various ways of keeping a fea Journal, 
according to the different notions of mariners con¬ 
cerning the articles that are to be entered. Some 
writers direft the keeping fuch a kind of Journal as is 
only an abftra& of each day’s tranfa&iont, fpecifying 
the weather, what (hips or lands were feen, accidents 
on board, the latitude, longitude, meridional diflance, 
courfe, and run : thefc particulars arc to be drawn 
from the (hip’s log-book, or from that kept by. the 
perfon himielf. Other authors recommend the keep¬ 
ing only of one account, including the log-book, and 
all the work of each day, with the deductions drawn 
from it. 

Journal is alfo ufed for the title of fcveral books 
Which come out at dated times ; and give accounts and 
abftra&s of the new books that are publilhed, with the 
new improvements daily made in and fcienccs. 

The firft Journal of this kind was, the Journal des 
S5avans, printed at Paris : the defigu was ibt on foot 
for the eafe of fuch as are too buiy, or too lazy, to 
read the entire books themfelvcs. It feeing an excellent 
way of iatitfying a man’s curiofity, and becoming 
learned upon eafy terms: and fo ufeful has it been 
found, that it has beeg. executed in moll other coun¬ 
tries, though under a gfpt variety of titles. 

Of this kind are the A&a Eruditorum of Lcipfic ; 
the Nouvelles de la Republique des lettres of Mr. 
Bayle, &c; the Bibliotheuue Univerfelle, Choific, ct 
Ancienne et Moderne, of M. le Clerc; the Memoirs 
de Trevoux, &c. In 1692, Juncker printed in Latin, 
An Hiftorical Treatife of .the Journals of the Learned, 
publilhed in the fcveral parts of Europe; and Wolfius, 
Struvius, Morhoft", Fabricius, &c, have done fomething 
of the fame kind. 

The Philofopliical Tranfa&ions of London ; the 
Memoirs of the Royal Academy of Sciences; thofe 
of the Academy of Belles Lettres; the Mifcellanca 
Naturae Curioforum ; the Experiments of the Acade¬ 
my del Cimento, the A if a Phflo-exoticurum Natura: et 
Artis, which appeared from March if>86 to April 
1687, and which are a liillory of the Academy of 
Breffe ; the Mifccllanea Brrohncqfia, or Memoirs of 
the Academy of Berlin; the Commentaries of the 
Academy of Peter/burgh ; the Memoirs of the lnftitutr 
at Bologna; the Adla Literaria Succi.T j the Memoirs of 
the Royal. Academy of Stockholm, begun in 1740 ; 
the Commentary Socictatis Rcgise Otitlingenfis, begun 
in !750,.&c,- &c, ate loot fo properly Journals, though 
they are frequently ranked in the number. 

Juncker and Wolfius give jhe honour of the firft 
invention of Journals to Phnlius. His "Bibliotheca, 
however, i* not altoge’thejgpf the fame nature with the 
modem Journals; Dior wn his deftgn the lame. It 
confifts of abridgments, and extrails of bfbks which 
he. had read during Jus -embaffy in Pcrfia. M. Salo 
firft began the Journal tie* Javans at Paris, in 1665, 
under tnc name of the SSeur de Hcdonvflle j but his 
death Toon after, interrupted the work. The abb 4 
Oaftop then topk.it up, and he, .in,.the year 1674, 
gave Jay fo the afo: de la Roque, who continued it. 
nine wars, and waS fuecceded by Mi Coulin, who car¬ 
ried it oh till die year i’loa, when the abbe Bignon 
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iniKtuted a new* RociYty, and committed the care of 
continuing the Journal to them, who improved and 
published it under a new* form. This Society is ftill 
continued, and Ml de Loycr lias had the iofpeftion of 
the Journal; winch is ho longer the work of any 
fifi^le author, but of a great number. 

l’he other French ToumaU th,. .1 n.. 
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of Pny fie, begun in 16%, and fome others, difcontinued 
aimolt as loon as begun. 

Rozier s Journal de Fhyfique, begun in July 1771, 
and continued, till in the year 1780, there were 1 o vols. 
quarto. * 9 

The Nouvelles de la Republique dcs Lettrcs, News 
lroin the Repubhc of Letters, were begun by M. Baylc 
an 1684, and carried on by him till the year 1687, 
when M. Bayle being difabled by fickncfs, his friends, 
M. Bernard end M. dc la Roque, took them up, and 
continued them «Bl 1699. After an interruption of 
nine years, M. Bernard refumed the work, and con¬ 
tinued it till the year 1710. The Hilary of the 
Works of the Learned, by M. Bafnage, was begun 
in the year 1686, and ended in 1710. Ti e Uni- 
verfal Hiitorical Library, by M. le Clcrc, was con¬ 
tinued to the year 1693, and contained twenty-five 
volumes. The Bibliotiu-qucLChoifie >J' the fame au¬ 
thor, began in 1703. TheTOercury o : France is ,.nc 
of the nmft ancient Journals of that country, and is 
continued by different hands : the M'. moirsi f ■’ Hifljry 
of Sciences and Arts, ufually called Mcmoirec des 
Trevoux, from the place where they arc piinte ’. be^au 
in 1701. The Effays of Literature reaciud brl *o a 
twelfth volume in j 702, 1703,8111! j 704 ; thefc only 
take notice of ancient authors. The Journal Literaire, 
by Father Hugo, began and ended in 1705. At 
Jlambngh tho ha\e made two attempts for a French 
Journal, but the defigu failed: an Ephemevides 
S$avaiUex has alfo hnn undertaken, but that foon dif- 
appeated. A Journal d<'j Scavans, by M. Dartis, 
appeared in 1694, and was dropt t lie year following. 
That of M. Ch.mvin, begun at Berlin in 1696, held 
out thru itars; and an effay of the fume kind was 
made at Geneva. To thtfe may be added, the Journal 
Literaire begun at the Hague 1715, and that of Ver¬ 
dun, and the Memoires T.lftrahes de la Grande 
Bretagne by M. de la Roche; the Bibliotheque A11- 
gloifc, and Journal Biitannoiqur, which are confined 
to Englifh books alone. The Italian Journals are, 
that of abbot Nav.ari, which lulled from 1668 to 1681, 
and was printed at Rome. That of Venice began in 
r671, ana ended at the fame time with the other: the 
authors’were Peter Morctti, and Francis Miletti. The 
Journal of I'arjna, by Robert! and Father Bacchini, 
was dropped in 1690, bud refumed again in 1692. 
The Journal of Fcnara, by the abbe dc la Torre, 
began and ended in 1691. La Galerio di Minerva, 
begun in 1696, is the work of a Society of men of 
letters. Seignior Apoftolo Zeno, Secretary to that. 
Society, began another Journal in 1710, under the 
protection of the Grand Duke: it is printed at Venice, 
and Several perfons of diftinftion have a hand in it. 

The Fafti Euriditi dcDa Bibliotheca Volante, were 


publilhed at Parma. There has appeared fince, ia 
the Giornale dei Lettcrnti. 

1 he principal among the Latin Journals, is that of* 
Ltipfic, under the title of Afta Eruditorum, begun ia 
1C82 : P. P. Manzuni began another at Parma. The 
No^Literaria Maria Bakhicilafted from i6q8 to 1708. 
The Nova Litcraria Germania, colle&ed at Hamburgh, 
began m 1703. The Afta Litcraria ex Manufcriptis, 
aud the Bibliotheca curioia, begun in 1705, and ended 
in j 707, arc tlie work of Struvius. Mcfl. Kuftcr and 
hike, in 1697, began a Bibliotheca Novorum Libro- 
rum, and continued it for two years. * Since that time, 
there have been many Latin Journals; fuch, befides 
others, is the Commentarii de Rebus in Scientia Na~ 
turali et Mcdiciua geftis, by M. Ludwig. The Swifs 
Journal, called Nova Literaria Helvetia; was begun 
Vi V° 2 ' b 7 M - Scbeuchaer; and the Afta Medic* 
Hafnenfia, publilhed by T. Bartholin, make five vo¬ 
lumes from the year 1671 to 1679. There are two 
Low-Dutch Journals; the one under the title of 
Boockv. •! van Europe; it was begun at Rotterdam in 
1692, by Peter Rabbus; and continued from 170a .to 
to 1708, by Scwel and Cavern: the other was done by 
a phyfician, called Ruftcr, who began it in 1710. 
The German Journals of bell: note are; the Monath- 
' lichen Untciredungen, which continued from 1689 to 
1698. The Bibliotheca Cnriofa, began in 1704, and end¬ 
ed in 1707, both by M. Tenzel. The Magaain d’Hani- 
bourg, begun in 1748i the Phyficalifche Bcluitigunzen, 
or Philofophical Amufements, begun at Berlin 10 1751. 
The journal of Hanover began in 1700, and continued 
for two years by M. Eccard, under the, direftion of 
M. Leibnitz, and afterwards carried on by others. 
The Theological Journal, publilhed by M. Locfcher, 
under the title of Altes und Neuee, that is. Old and 
New. A third at Leipfic and Prancfort, the authors 
Meff. Walterck, Rraufe, and Grofchttffius; and a 
fourth at Hall, by M. Turk. 

The Englifh Journals are. The Hiftory of the Works 
of the Learned, begun at London in 1699. Centura 
Temporum, in 1708. About, the fame time there ap¬ 
peared two new ones, the one under the title of Me¬ 
moirs of Literature, containing little more than an Eng¬ 
lifh tranflatinn of fome articles in the foreign Journals, 
by M. de la Roche; the other a collection of loofe 
trafts, entitled, Bibliotheca citriofa, or a Mifcellany. 
Thcfe, however, with fome dtliera, are now no more, 
but are fucceededby the Annual Regifter, which began 
in 1758; the New Annual Regitler, begun in 1780 ; 
the Monthly Review, which began in the yeat 1749, 
and gives a charafter of all Englifh literary publica¬ 
tions, with the moll eonfitlerable of the foreign oneb: 
the Critical Review, which began in 1756, and is 
nearly on the fame plan; as alfo the London Review, 
by, Dr. Kenvick, from 1775 to 1780; Maty’s Review, 
from Feb. 1782 to Aug. ,1786; the Englifh Review be¬ 
gun in Jan. 1783 ; and the Analytical Review, begun in 
May 1788, and ftill continues with much reputation! Be¬ 
fides thcfe, we have feveral monthly pamphlets, called 
Magazines, which, together with a chronological Berks 
of occurrences, contain lettersfromcorrefpondents, com¬ 
municating extraordinary difeoveries in nature and art, 
with controverfial pieces on all fuhjefts. Of thcfe,- the 
principal are thofe called; the Gentleman’s Magazine, 

' which 
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-which began with the year 173 * j the London Ma¬ 
gazine, -which began a few months after, and has 
lately been difeontinued; the Univerfal Magazine, 
which is nearly of as old a date, 

IRIS, another name for the Rainbow ; which fee. 

•Iris alfo .denotes “the ftriped variegated circle 
round the popil of the eye, formed of a duplicature 
<«f the uvea. 

In different fubjefts, the Iris is of fcveral very differ¬ 
ent colours; whence the eye is called grey, or black 
&c. In its middle is a perforation, through which 
appears a finall black fpeck, called the fight, pupil, or 
apple* of the eve, round which the Iris forms a ring. 

Iris is alio applied to thofe changeable colours, 
which fometimes appear in the glades of telefcopes, 
rnicrofcopes, &c} ,fo called from their fimilitude to a 
rainbow. 

The fame appellation is alfo given to that coloured 
fpe&rum, which a triangular prlfmatic glafs will projedt 
on a wall, when placed at a proper angle in the fun- 
beams. 

Iris Marina , the Sea-Rainbow. This elegant ap- 
■ pcarance k generally feen after a. violent florin, in which 
the fea water has been in vaft emotions. The ce- 
ldlial rainbow however has great advantage over the 
.marine one, in the brightnefs and variety of the colours, 
and in their diftindlnefs one from the other; for m 
the fea-rainbow, there are fcarce any other colours 
than a dufky yellow on the part next the fun, and a 
pale green on the oppofite fide. The other colours 
are not fo bright or fo diftiudt as to be well determin¬ 
ed ; but the tea-rainbows are more frequent and mote 
numerous than the others : it is not uncommon to fee 
20 or 30 of them at a time at noon-day. 

IR RATION A or Quantum, are the fame 

as furds, or fuch roots as cannot be accurately cxtra&ed, 
being incommenfurahle to unity. See Surds. 

IRREDUCIBLE Cafe , in Algebra, is ufed for 
that cafe of cubic equations where the ropt, according 
to Cardan’s rule, appears under an intpolfible or ima¬ 
ginary form, and yet is real. Thus, in the equation 
x 1 — 15* = 4, the roo t, accordin g to Cardan’ s rule, 

will be x = V 2 +V"” 1 * 1 +Vt — </— in, which 
is in the form of an impollible cxprcluon, and yet it 

is equal to the quan tity 4 : _ 

for V z + ^S — iii =2 +v / —1, 
and —121 as 2 — 

therefore there fum is * == 4. 

The other two roots of the equation are alfo real. 

Algebraifls, for almoft three centuries, have in vain 
endeavoured to refid ce this cafe, and- to bring it under 
a real form; and the problem is not lefs celebrated 
among them, than the lquaring of the circle is among 
geometricians. 

It is to be obferved, that, as Tn feme other cafes of 
cubic equations, the value of the root, though rational, 
is found under an irrational or furd form; becaufe 
the root in this cafe is compounded of two equal furds 
with contrary figns, which ‘ deftroy each other; as if 
x so 2+4/3+ 2 *“ */ 3 » then * ss5 4. In like manner; 
in the Irreducible cafe, where the root k rational, 
there are two equal imaginary quantities, with con¬ 
trary figns, joined to real quantities j fo that the ima¬ 


ginary quantities deftroy each other; as in the cafe 
above of the root of the equation x* —. 15* —4, which 
wtB. found to be 2 + 4/ — 1 +2 — </— 134, 

It is remarkable that this cafe always happens, viz 
one rciot, by Cardan’s rule, in an. impomble form, 
whenever the equation has three real roots, and no im- 
poffible ones, but at no time clfe. 

If we were pofleffed of a general rule for accurately 
extnufting the .cube root of. a binomial radical quan¬ 
tity* it is evident'we might refolve the Irreducible cafe 
genenflly, which confifts of two of fuch cubic bino-. 
niial roots. But the labours of the algebraifls, from 
Cardan’s down to the prefent time, have not been able 
to remove this difficulty. Dr. Wallis thought that he 
laid difcovered fuch a rule; but, like muff others, it 
is merely tentative, and can only fuccccd in certain par¬ 
ticular circuraftances. 

Mr. Maferes, curfitor baron of the exchequer, has 
lately deduced, by a long train of algebraical reafon- 
ing, from Newton’s celebrated binomial theorem, an 
infinite ferics, which will refolve tins cafe, without any. 
mention of either hnpoffible or negative quantities. 
Apd I have alfo diTcovered feverat other ferics which 
will do the fame tiling, in all cafes-whatever; both 
inferted in the Phil. Tranf. See Cardan’s Algebra; the 
articles Algebra, Cubic Equations ; Wallis’s Algebra, 
•chap. 48 ; De Moivre in tjfie Appendix to Saudcrfon’s 
Algebra, p. 744 ; Philof. Tranf. vol. 68, part 1, ai t. 
42,and vol. 70, p. 387. 

IRREGULAR, fomething that deviates from the 
common forms or rules. Thus, we fay an Irregular 
fortification, an Irregular building. See. 

Irk f.cular Figure, in Geometry, whether plane or 
folid, is that whole (ides, as well as angles, are not all 
equal and fimilar among themfclvcs. 

IRREGULARITIES in the Mom's motion. See 
Moon. 

ISAGONE, in Geometry, is fometimes ufed for 
a figure confifting of equal anglt-s. 

ISLAND, or Isle, a tra£t of dry land encompaffcd 
by water; whether by the fea, a river, or lake, &c. 
In which fenfe Ifland (lands ooutradifliuguiihcd from 
Continent, or terra firma ; like Great Britain, Ireland, 
Jcrfey, Sicily, Minorca, See. 

Some naturalifts imagine that Iflands wet* formed 
at the deluge,: others think they have been rent and 
feparated front the continent by violent florms, inun¬ 
dations, and earthquakes ; while others arc thrown up 
by volcanoes, or otherwife grow or emerge from the fea. 

Varenius thinks motl of thefe opinions true in fome 
inftances, and believes that there have been I Hands 
produced each of thefe ways. St. Hek-na, Afcenfion, 
and other fteep rocky I Hands, he fuppofes have be¬ 
come fo, by the fea’a overflowing their neighbouring 
champaigns. By the heaping up huge quantities of 
fand S£c, he thinks the lHands of Zealand, Japan, 
See, were formed : Sumatra and Ceylon, and mofl of 
the Eaft India Ifland*, he rather thinks were rent off 
front the main , land, as England probably was from 
France. It is alfo certain that fome Have emerged* 
from the bottom of the fea s as Santorini formerly, and. 
three other IflCs near it, 1 lately ; the lail in 1707, which, 
rofe from the bottom of the fea, after an earthquake, 
the ancients had a fttdfcfoi that Delos rofcTipm -the 

bottom 
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6»ttora of the fea $ and Seneca obferves that the Ifland 
Therafia rofe out of the Aigean fea in his time, of 
'•vluch the mariners were eye witneflrs; as they have 
been within thefe I o years, in the fea between Norway 
bro Iceland, where an Ifland has juft emerged. The 
late circumnavigators too have made it probable, that 
many of tire South-fea Iflands have had their founds* 
tions, of coral rock, gradually increafmg, and growing 
out of the fea. 

ISLES, or rather Ailes, in Architefture, the fides 
or wings of a building. 

ISOCHRONAL, or Isochronous, is applied to 
fucli vibrations of a pendulum as are performed in equal 
times* Of which kind are all the vibrations of the 
fame pendulum in a cycloidal curve, and in a circle 
nearly, whether the arcs it deferibes be longer or 
(hotter j for when it deferibes a (horter arc, it moves 
fo much the flower j and when a long one, propur- 
tionably fafter. 

Isochronal Unr, is that in which a heavy body is 
fuppofed to defeend with a uniform velocity, or without 
any acceleration. 

Leibnitz, in the Aft. Erud. I.ipf. for April 1689, 
has a difeourfe on the Lines Ifochrona, in which he 
(hews, that a heavy body, with the velocity acquired 
by its defeent from any height, may defeend from the 
fame point by an infinite number of Ifochronal curves, 
which are all of the fame fpecies, differing from one 
another only in the magnitude of their parameters (fucli 
as arc all the quadratocubical paraboloids), and confe- 
qucntly fitnilar to one another. He (hews allb, how to 
find a line, in which a iieavy body defeending, (ball re¬ 
cede uniformly from a given point, or approach uni¬ 
formly to it. 

ISOMERIA, in Algebra* a term of Vieta, de¬ 
noting the freeing an equation from fractions; which 
is done by reducing all the fraftions to one common de¬ 
nominator, and then multiplying each member of the 
equation by that common denominator, tliat is rejefting 
it out of them all. 

ISOPERJMETRICAL Figures, arc fucli as have 
equal perimeters, or circumferences. 

It is demonftrated in geometry, that among Ifop'eri- 
metrical figutes, that is always the greateft which con¬ 
tains the mofl fides or angles. From ivlienee it follows, 
that the circle is the mofl capacious of all figures which 
have tlie fame perimeter with it. 

That of two Ifopcrinictrical triangles, which have 
the fame bafe, and one of them two fides equal, and 
the other unequal ; that is the greater whofe fides are 
equal. 

That of Ifoperimctrical figures, whofe fides arc equal 
in number, that is the greateft which is equilateral, and 
equiangular. And hence arifes the fohition of that 
popular problem. To make the hedging or walling, 
which will fence in a certain given, quantity of land, 
alfo to fence ini any other greater quantity of the fame. 
For, lit * be one fide of a rcftangle that will contain 

the quantity aa of acre#; then will — be its other fide, 

and doqble thqit fum, via, 2-v 4 ^ 1C 

*v 


perimeter of the - rcftangle: let allb bb be any greater ■ 
number of acres, in the form of a fquare, then is b one 
fide of it, and 48 its perimeter, which muft be equal 
to that of the rcftangle; and hence the equation- 
2 a a \ ' 

tx 4 --= 4 b, or x* 4 a* as 2bx, in which-qua* 

* . ; ft c 1 ■ 

dratic equation the two roots are x sx b dc •Jb x — a* t 
which are the lengths of the two dimenfiona of the 
rcftangle, viz, whofe arca i* is in any proportion lefa 
than the fquare a*, of the fame perimeter. As, for ex¬ 
ample, if one fide of a Square be t a, and one fide of a 
reftangle be 19, hut-the other only 1 ; fuch fquare and 
parallelogram will be Ifoperimetrical, viz, each perime¬ 
ter 40 ; yet the area of tlie fquare is too, and of the 
parallelogram only 19. , , 

Ifoperimetrical linesand figures have greatly engaged' 
the attention of mathematicianrat all times. The 5th - 
book of Pappus's Collections is chiefly upon this fub- 
jeft ; where a great variety of curious and important 
properties are demonftrated, both of planes and folids, 
Ionic of which were then old in his time! and many new 
ones of his own. Indeed it-feems he has here brought 
together into this book all the properties relating to 
Ifoperimetrical figures then known, and their different 
degree sof capacity. 

The analyfis of the general problem concerning fi¬ 
gures that, among all thofeof the fame .perimeter, pro¬ 
duce maxima and minima, was given by Mr. James Ber¬ 
noulli, from computations that involve 2d and 3d 
fluxions. And fcveral enquiries of this nature have 
been fmee profccuted in like manner, but not always - 
with equal fuccefs. Mr. Maclaurin, to vindicate the 
doftrine of fluxions from the imputation of uncertainty, 
or obfeurity, has illuftrated this fubjeft, which is cotsli- 
dered as oue of the moll abftrufe parts of this doftrine, 
by giving the refolution and compofttion of thefe 

f iroblcms by firft fluxions only ; .and in a manner that 
uggefts a fynthetic demonftration, ferving to> verify 
the folution. See Maclaurin's Fluxions, p. 466 4 
Analyfis Magni problcmatis Ifoperimetrici Aft. Erud. - 
Lipf. 1701, p. 213 ; Mem. Acad. Scienc. 1705, 1706, 
1718; and the works of John Bernoulli, tom. i, 
p. 202, 208, 424, and tom. 2, p, 235; where is conr 
tained wliat he and his brother James publifhed on this 
problem. Mr. John Bernoulli, in his firft paper, con- 
Jidered only two fmall fucceflive fides of the curve; 
whereas the true method of refolving this problem in 
general, requires the confidering three luch fmall 
fides, as may be perceived by examining the two folu* 
tions. *• 

M. Euler has alfo publilhed, on this fubjeft, many 
profound refearches, in the Peterlburg commentaries ; 
and there was printed at Laufannc, in 1744, a pretty 
large work upon it, intitled, Methodus inveniendi lineas 
curvas, maximi minimive proprietate gaudentes: five 
Solutio proLJematis Ifoperimetrici in latifllmo fenfu 


acccpti. 

M. Crampr too, in the Berlin Memoirs for 1752, has 
given a paper, in which he propofes to t demon (hate in 
general, what can be demonftrated only of regular fi¬ 
gures in the elements of geomttry, viz, that the circle 
is the greateft of all Ifoperimetrical figures, tegular ok 
irregular. 
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On this bead, <« *Kq Simpfbn’a 'jr r *&*» p. 9$ } 
and thc.Ph. 3 Qf, Tranf. yol. 49 and 50. 

ISOSCELES TtriamUf w a triangle that has two 
fide; equal. In the 5th. prop, of Euclid's ift book, 
which prop, is ufually called the Pons Ajiporum, or 
A ties bridge, *it is demonftraied, 
that the angles, a and b, at the 
bafe of the ifofcelcs triangle, are 
equal to each other; and that if 
the equal tides be produced, the 
two angles, e and /, • below the 
bafe, will alfo be equal. It is 
alfo inferred* that every equila- , 
teral triangle is alfo equiangular. 

Other properties of this figure 
are, that the perpendicular AP, from the vertex to the 
bafe, bifc&a. the bafe, the vertical angle, and* alfo the 
whole triangle. And that if the vertical angles of two 
Ifofcelcs triangles be equal, the two triangles will he 
equiayrnlar. 

ISTHMUS, in Geography, a harrow neck or flip 
of land, that joint two other large trails together, and 
fepararingtwo leas, or two parts of the fame fea. 

The moft remarkable Ifthmufes are, that of Panama 
or Straits of Darien, joining north and fouth America; 
that of Suez, which conned8 Alia and Africh; that of 
Corinth, or Peloponnefus, in the Morea j that of Grim 
Tartary, otherwtfe called Taurica Chcrfonefus; that 
of the peninfula Romania and Eriflb, or tlie Ifthmui of 
.the Thracian Cherfonefus, 12 forlongs broad, and 
which Xerxes undertook to cut through. The An¬ 
cients had feveral detigns of cutting the Ifthmus of 
Corinth, which is a rocky hillock, about to miles 
‘ over; .but without cited, the invention of fiuices being 
not then known. There have alfo been attempts for 
cutting the Ifthmus of Suez, to make a communication 
between the Mediterranean and the Red-fea. 

. JUDICIAL, or Judiciary ARrelogy ; that relating 
to the forming of judgments, ana making prognoftica- 
tions. See Astrology. 

JULIAN Calendar , is that depending on, and con* 
Btfitd with the Julian year and account of time; fo 
called from Julius Caefar, by whom it was eftablHhed. 
See Calendar. 

Julian Epoch, is that of the inftitution of the Julian 
reformation of the calendar, which began the 46th 
year befotcChrift. 

JULiAH-JPtriod, is a cycle of 7980 confecutive years, 
invented by Julius Scatiger, from whom it was named; 
though ibme. fay his name was Jofeph Scaliger, and that 
ft was called the Julian Piriod, bccaufe he made ufe of 
Julian years, Tin's peiiod is formed by multiplying 
continually together the three following cycles, viz, 
that of the fun of »$ years, that of the moon of 19 
yean, and that of the indidion of 1 < years ; fo that 
this epoch, although but artificial or feigned, is yet of 
good ufe ; in that every year, within the period iidif- 
tinguiihable by a certain peculiar charaner; for the 
year of the fun, moon, and iudi&ion, will not be the 
fame again till the whole 7980 years have revolved, 
Scaliger fixed the beginning of this period 764 years 
before the creation, or rather the period naturally re* 
duces to that year, taking the numbers of the three 
given cycles as he then found them ; and accounting 



3950 years from the creation to the birth of Chrift, *h'‘ 
makes the ift year of the Chriftisn era anfwer to the 
4714th year of the Julian period; therefore, to find the 
year of this period, anfwering to any propofed year of 
Chrift, to the confUat number 4713, acid the given 

{ rear of Chrift, and the fum will be the year of the Ju¬ 
lian period: thus, to 4.713 adding 1791, the fum (6504 
is the year of this period for the year of Chrift 1791. 
Hence the firft revolution of the Julian period will not 
be completed till the ycar of Chrift 32(17, after which a 
new revolution of this period will commence. , 

But the year of this period may'be found for any 
time, from the numbers of the three cycles that com* 
pofc it, without making ufe of the given year of.Chrift, 
thus: multiply the 

“ip SS»2} Su 

then add tUMthree products together, .and divide the 
fum by 7980, fo fhau the remainder after divifion be the 
year of the Julian period correfponding to the given 
years of tlie other three cycles. Thus, for the year 
1791, the years of tlie folar, lunar, and inditftion cy¬ 
cles, arc 8, 6, and 9; therefore multiplying by thefe, 

' Sic, according to the rule, thus 


4 » 4 j 

4200 

6 

6916 

9 

3876O 

23200 

387S0 

62244 

62244 

• 



7980) 126104 (15 
7980 

46404 

39900 



remains 6504 the year of the. Jul. period. 

Julian Tear, is the old account of the year, efta* 
bliIhed by Julius Cxfar, and confifted of days. 
This year continued in ufe in all Europe tin it was fu- 
parfeded in moft parts by the new or Gregorian ac¬ 
count, in the year i$8?. In England however it 
continued to be ufed till the year 175s, when it was 
abohfhed by a& of parliament, and eleven days added to 
the account, to bring it up to the new ftylc. In 
Rnffia, the old > or Julian year and ftylc are ftill in 
ufe. • 

JULY, the 7th month of -the year, confiding of 31 
days ; about the aift of which the fun ufufily enters 
the fign ft ho. This month was fo named by Mark 
Antony, from Julius Cztir, who was bom in this 
month. 

JUPITER, If, one of the fuperior planets, re¬ 
markable tea Its pritmnett, being the brighteft of aQ, 
except fometimes the planet Venus, and ts much the 
Urgeft of all the planets, 

Jupiter is Atuated between Man and Saturn, bring 
the 5th in order of the primary planets from the fun. 
Hit diameter is more than id'tuncf the diameter of the 
earth, and therefore his magnitude more than 1006 

times. 



times. II13 annual revolution about tlie fun, is per¬ 
formed m il years 314 days 12 hours 20minutes 9 fe- 
eomls, gousg at the rate of tii ,re than 2; thonfand 
miles per hour ; and he revolve; about his own axis in 
the fhort »pat:e of 9 hours y 4 minutes, hy which his 
equatorial parts arc er.vriev! round at the amazing 
rate of 26 thou land miles pi • hour, which is about 25 
times fr.fler than the like part uf otiretirth revolve. 

Jupiter is furrounded by hunt fubllances, tailed zones 
or belts, in vt inch fo many changes appear, that they 
are generally aferihed to chunk: for feme of them have 
hccii full interrupted find broken, and then have vanifl'.cd 
entirely. They have fometinics ban obfuved of dif- 
feicnt bread;hs, and afterwards have alt become nearly 
oft he fame breadth. Large fpotshavc been feen inthefe 
belts ; and when a belt vaniflics, the contiguous fpots 
difappear with it. The broken ends of Tome belts have 
often been obferved to revolve in the fame time with the 
fpots: only thofe ntaret the equator infomewhat iefs time 
than thofe nearer the poles; perhaps on account of the 
fun’s greater heat near the equator, which Js parallel to 
the bJts and courfe of the fpots. Severn large fpots, 
which appear round at one time, grow oblong by de¬ 
grees, and then divide into two or three round fpots. 
The periodical time of the fpots near the equator is, 9 
hours 50 minutes, hut of thofe near the poles <j boms 
«;6 minutes. See Dr. Smith’s Optics, y 1105 and 
1109. , 

The axis of Jupiter is fo nearly perpendicular to his 
cubit, that helms no ftnfihlc change of feafons; which 
is a great advantage, and wifely ordered by the Au¬ 
thor of Nature. For, if the axis of this planet were 
inclined any coufidciable number of degrees, juft fo 
many degrees round each pole would in their turn he 
almoit ft years together in ciaikucfs. And, as each de¬ 
cree of a great circle on Jupiter contains about yc ft miles, 
it is cafy to judge what vail tracts of land would be 
rendered uninhabitable by any conlidcrable inclination 
of his axis. 

The difference between the equatorial and polar 
diameters of Jupiter, is upwards of 6cco miles; the 
former being to the latter as 13 to J 2 ; io that his poles 
are more than 3000 miles nearer his centre than the 
equator is. This happens from hi» quick motion round 
his axis ; for the fluids, together with the* light parti¬ 
cles, which they can carry or uafh away with them, 
recede from the poles which are at rdf, towards the 
equator where the motion is quickt ll, until there he a 
fullicicnt number accumulated to make up the defi¬ 
ciency of gravity lofl by the centrifugal force, which 
alw-ays arifes from a quick motion round an axis : and 
when the deficiency of weight or gravity of the pai- 
ticlcs is made up by a fuflicient accumulation, there 
is then an equilibrium, and the equatorial purls rife 
no higher. 

Jupiter’s orbit is i° :o' inclined to the ecliptic. The 
plaee of his aphelion 9 0 to of s&, the place of his 
afccilding node ^ 0 2if of ??, and that of his Couth 
or defeending node 7 “ 29 of VJ'. The excentri- 
city of his orbit is £ 0 of his mean ddlance from the 
fun. - 

The fun appears to Jupiter but the 48th part fo 
large as to us ; and his light and heat are in the lame 
Voi.. I. 


fmall proportion, but compenfated by the quick re* 
turns of them, and by 4 moons, fume oY them larger 
than our earth, which revolve about him ; fo that fhae 
is fcarce any part of this huge planet hut what is, dining 
the whole night, enlightened by one or inure of tliefc 
moons, except his poles, whence only the farthefl 
moons can be fen, and where their light is not wanted, 
been ufc the fun tvnflantly circulates 111 or near the ho¬ 
rizon, and is v< ry probably kept in view of both poles 
by the re I raid ion of Jupiter’s aimofphcie, which, if 
it he like ours, has ceitainly reftaCtive power enough 
for that puipofe. This planet feen from its Heart it 
moon, appears jooo times as large as our moon does to 
us ; increafmg and wincing in all her monthly fliapes, 
every 42 ‘ hours. The periods, didances. in femidia- 
mete-rs of Jupiter, and angles of the orbits of thefe 
moons, feen from the earth are as follow': 



Periods round 

Fif- 

Angles of 

Na. 

Jupi.cr. 

tancci 

01 bus. 

, 

l” lK'*3rt m 

5 f 

1 ' 55 " 

2 

3 >3 1 i 

') 

6 14 

3 

7 3 50 


9 5 s 

4 

if» 18 30 

254 

17 3 ° 1 


The three nearefl moons of Jupiter fall into his 
..fliadow, and are cclipfed in every revolution : but the 
orbit of the 4th fatellitc is fo much inclined, that it 
pnfleth by its oppolition to Jupiter, without falling 
into his fliadow, two years in every fix. By thde 
cclipfes, aftronomers have not only difcovclcd that the 
fun’s liglit takes up 8 minutes of time in coming to us ; 
but have alfo by them determined the longitudes of 
places on this earth, with greater certainty anti facility, 
than by any other method yet known. The outermost 
of thefe fatcllitcs will appear neatly as large as the 
moon does to us. See M. I)e la Place’s Theory of 
Jupiter’s Satellites, in the Memoircs de l* A cad. and 
in the ComroiiTaiice dea Temps for 1792, pa. 27 j. 

Though there be 4 primary planets below-Jupiter, 
yet an eye placed on his Airfare would never prictive 
any of them ; unJcfs perhaps as fpot.-, pafflng over the 
fun’s tlife, when they happen to conn benveen the ive 
and the fun.—The parallax of the fun, viewed from 
Jupiter, will fcarce he ftnfihlc, being not much above 
20 feconds ; and the fun’s apparent diameter in Jupi¬ 
ter, but about 6 minutes.— Dr. Coegory adds, that an 
allronomer in Jupiter would calily dillin- uilh two kinds 
of planets, four nearer him, viz his lat< llites, and two 
more remote, viz the fun and Sat 11 in : the former how¬ 
ever will tall vatlly fhoit of the fun in brigiitnd's, not- 
witlifTanding the great difpropoilioa in the dillauees 
and apparent magnitude. 

JIJ R 1 N (Dr. J a mi s), a very diflinguifhed perf-n in 
fevcral walks of literature, paitieularly medicine, mathe¬ 
matics, an 1 philofophy, which he cultivated with equal 
fuceels. He was Secretary of the Royal Society in 
I .umloii, as well as pi dident of the College of Phyfi- 
cians there, at the time of his death, which happened 
Match 22, 1750. 

Doctor Jnriii was author of fevcral ingenious compo- 
fitions; particularly “ an Fflay upon Dillind and In- 

^ Q ditlind 
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diftinft Vificn j” printed at the end of the 2d volume 
of Dr. Smith’s Syilem of Optics; alfo fcveral contro- 
vcriial papers ; againft Michcilotti, upon the momen¬ 
tum of running waters; againft Robins, upon diftindt 
viiion; and again!t the pavtifans of Leibnitz, upon the 
forces of moving bodies; &c. His papers inferted in 
the Philof. Tranf. are the following : 

j. On the Sufpenfion of Water 1:1 Capillary Tubes: 
wi.JO.p. 739* 

2. Obicrvatians on the Motion of Running Water: 

p.748. 

3. On an old Roman Infcription : p. 8J3. 

4. A Difcotirfe on the Power of the Heart : p. 
863 and 929. 

5. On the Specific Gravity of Human Blood : 

jp» too©. 

6. Defence of his Doctrine of the Power of the 
Heart againft the Obje&ions of Dr. Xeill; p. 
1039. 


7. On the Aftion of Glafs-Tubes upon Water and 
•Quickfilver: p. 1083. 

8. On the Specific Gravity of Solids when weighed 
in Watci : vol. 3 1, p, 223. . 

9. On the Motion of Running Water, againft Mi¬ 
chcilotti 1 vol. 32, p. 179. 

10. Remarkable lnft^ct of the Small-pox: vol. 32, 

p. *91. • 

11 . Iiioculated ^d Natutal Small>pox compared; 

vol. 32, pa. 2J3^r"A\' ■ •* • •'<' 

12. On Metcnttdggiclai Diaries: vol. 32, p. 422. 

13. On the Meaftite and Motion of Running Wa¬ 
ter ; voU 41, p. 5 and 65. 

14. Meteorological Obfervations in Charles Town : 

vol. 42, ;p. 491. ' 

15. On the A&ion of Springs: vol. 43, p. 46. 

16. On t|ic Force of Bodies in Motion : p. 423. 

17. Dynamic Principles, or Meteorological Princi¬ 
ples of Mechanics: yoL 6fi,p. 103. 


END OF VOLUME I. 

























/'/,!/, //. 


















































Pin/. Ill. 
























































































































































f 'OMV. l XX . 


J) r Kiuqh/x Compaxxkx . 
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